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SEISMIC GAPS AND LONG - TERM EARTHQUAKE
PREDICTION IN THE AEGEAN AREA*

by
G. A. PAPADOPOULOS

MEPIAHYH

Ztov Alyaiaxo y@mpo umapyouvv 00 [MVEG EMQAVEIGKAV OELICHAV HE UYNAN OCEIGUIKOTNTa,
exeiveg Touv Bopetov Aryaiov (BA) kar tou Kopivliakou - Tatpaixoi - Zapovikos koimov (ITKZ)
(ox. 1). Epedxvopog pe B-N dievluvon kai xavovika priypata yapaktipifouv 1ig dvo Lawveg.

Ao mpoc@atol KaTadoyot mov repExouvv ukpifieic TAnpogopies Yia Toug GEICHOLE ROU Eyivav
atov EAdadiko x®@po, 10060 TNV 1010pIKN ENOYT} OG0 Kal GTOV Tapovia atdva, xpnotponouidnkay
oav nnyég Sedopivav yia TNV avayvopiol CEICUIKGOV KEVOV KAl TN paKpag Siapkeiag CEIGHIKT
npoyvean otig do Laveg. Eriong xpnopononidnkav dedopéva yia ta barasoia kvpata Papvtnrag
(TSUNAMIS) and npocepatro xataroyo.

H yeoyvpagikiy diavoun twv emkévipwv deixvet on n [dvy BA Wtav modv evepyi atoug
tOTOPIKOVG YPOvoug (oY. 2). Ltov mapovie uidva 1) favn avty cival eriong cvepyn ot GElGHOUG
peyéloug M 22 6,0, €kT6¢ and 1o Kevipikd Tijpa g mou eivan oc novyia ano 1o 1893 (oy. 3).
Luven®dg TO THIHE avTd eival Eva CEICPING KEVO np@Tov Eidovg kata MOGI. And 1y oyéon (1) nov
exer Ppedei petald NG HETACLICHIKTIG MEPLOYTG, S, OC TLTPAYWVIKG EKUTOOTA KUl TOUL EMPAVEIUKOD
peyttoug, M, Bpickovpe o1t M = 7,4. Zuvenag, ovpncpaivetar 011 Evag Tovhayiotov peyarog (7,4 - M
£ 6.5) emoavelakog (h L70 KM) oeiopog npenet va avapivetar 610 Kevipiko tuipa g {avng BA
a1a cnopEva Ypovia.

H yeoypugiki} Stavopny tav peydlov ceiopav (o). 4) deixver 6T 10 dutiko tpijpa g Levng
MK cival yevika mio evepyd and 10 avatorikd. ZTov mponyovHEVO dldva £ylvav 6 autd REVIE
peyd@lol oeicpoi pe moArég xkataostpopis et TSUNAMIS. "Opwg, avté to tuifijpe cival oe novyia
anod 1o 1888. H yewypagixn dravopny tov oeicpdv peyilovg M 24,9 nou éyivav g {ovn INKE otov
napovia ai@va (ay. S) deixvel 0TI 610 UvaTOMKS THNpHa (mEP1oYT) AAKvovidwv) umipEe Eva kEvo oE
EMIKEVIPA TETOL®V CLlOpMV. ITO KEve autd £YIVE O PEYAAOG GEIGHOG Tou [98] xat ot peyarltepor
HETAGEIGHOI auToL. ZLVERQDG, ULTO 1jTav éva OEICHIKO Kevd devtepou tidoug. To oyripa § Seixver
eniong v napovdia dU0 aKOMN GEICHIKGY KEvav Tou idiovu eidoug. "Apu ota KEvd auta npénel va
avopivovial PEYGAOL EMPAVEIUKOi CEIOpoL ota enopeva xpovia. Ta peyiln mov unoroyiotnkav ano
m oyxion (1) civar 6,7 kar 6,5 yia t0 avatodiké kat 10 JvTKO Kevo avriotoxa.

H ook} npoictopia kat twv 0o [ovav Seixvel 01t o1 avapevopevol oetdpoi civar mbavo va
Sieyeipouv TSUNAMIS otig napaktieg mepioyig Ttoug.

* [TIATTIAAOIIOYAOZ, I'. — Zewopikd Kevd Kar puk pag S1dpkeiag npéyvmen GEIGH@MY 6TV NEpLoy i
tou Avyaiou.
Katatédnke 7.11.83, avaxowvafnke 5.12.83.
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ABSTRACT

A seismic gap of the first kind has been recognized in the North Aegean seismic belt. Large (6.5.€
M <£.7.4) shallow earthquakes are very probable to occur in that gap in the next years. Two seismic
gaps of the second kind have been defined in the Patraikos - Corinthiakos - Saronikos seismic belt.
Large (M = 6.5 - 6.7) shallow earthquakes are very probable to occur in those gaps in the next years.

Introduction

In the Aegean area there are two distinct shallow seismic zones (PAPAZA-
CHOS 1980), the externel and internal ones, with quite different geophysical
properties (PAPADOPOULOS 1982). In the internal zone exist some very active
seismic belts. The North Aegean (NA) and the Patraikos - Corintiakos - Saronikos
(PCS) are such belts (fig. 1). Both of them are seismotectonically homogeneous
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Fig. I. The Aegean arca. PCS = Patraikos - Corinthiakos - Saronikos seismic belt. NA = North

Aegean seismic belt.
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with ‘a north - south tensional stress field and normal faulting.

During the last five years or so, several methods have been applied (seismic
gaps, seismicity rates, seismicity periodicities) to achieve long-term earthquake
prediction in the Hellenic Arc. Accurate seismic data concerning the historical
period as well as the present century have been used here for the long term
prediction of the NA and PCS belts using the method of seismic gaps.

The data

Two recently published catalogues of earthquake in Greece and the surro-
unding regions (PAPAZACHOS AND COMNINAKIS 1982, COMNINAKIS
AND PAPAZACHOS 1982) have been used as data sources for the shallow
earthquakes which occurred in the NA and PCS belts during the historical period
(479 B.C. - 1900 A.D.) and the present century (1901-1980). The data of the
period 1800- 1910 are very probably complete for shocks with M = 6.5. As far as
the period 1911- 1980 is concerned the data are complete for M 2 4.9. Epicenter
errors are estimated to be less than 50 km and 30 km for the earthquakes of the
periods 479 B.C. - 1799 A.D. and 1800-1980. The errors of the surface wave
magnitudes (M) are less than 0.5 and 0.3 as far as the shocks of the historical
period and of the present century are concerned. Data for the years 1981-1983
have been taken from the Bulletins of the ISC and of the Seismological Institute
of the National Observatory of Athens.

Data for taunamis observed in the Greek coasts have been derived by a very
recently prepared catalogue (PAPADOPOULOS AND CHALKIS 1984).

The north Aegean belt

According to MOGI (1979) there are two kinds of seismic gaps. The first kind
is a gap in the spatial distribution of rupture zones of the largest shocks in a
seismic belt and the second kind is a gap in seismicity of small magnitude
earthquakes before large shocks. This second kind of gap has a doughnut shape
(MOGI 1969

Figure 2 shows the spatial distribution of the epicenters of the known large
(M =6.5) earthquakes which occurred in the NA region (39.69-419 N, 23v-270 E)
during the historical times. It is obvious that there was a very clear seismic belt
with E - W direction. Five large earthquakes occurred in the central part (24.99- 262
E) of that belt during the previous century.

Figure 3 shows the spatial distribution of the epicenters of the earthquakes
with M2 6.0 which occurred in the NA seismic belt during the present century. It
is very clear that the central part of the belt is free of epicenters of such earthqua-
kes while the eastern and western parts are very active from the beginning of the
century, that is, the central part is in seismicity quiescence since 1893. Thus, I con-
clude that this region is a gap of the first kind. For this reason, at least one large
(M> 6.5), shallow (h< 70 km) earthquake must be expected to occur in the next

93
Wnoiakn BiBAI0BNKkn "OedppacTog” - TuAua Mewloyiag. A.MN.O.



o ,
® .
\
40° 4
39.6°L O ., S~ 7 ,

Fig. 2. Spatial distribution of the epicenters of the large historical shocks in the North Aegean. The
central part was active in the historical times.

Fig. 3. Spatial distribution of the epicenters ol the large earthquakes shock which occurred in the
North Aegean from 1901 to 1983. The central part is a gap of the first kind.

years. The surface of that region is 8300 km2 If we apply the relation
log S = 495 + 1.21 M )]

between the aftershock area, S, in cm? and the surface wave magnitude, M (BKTH
AND DUDA 1964) we will find that earthquake with magnitude equal to 7.4 cor-
“respond to that region. Thus, the magnitude of the expected earthquake may. be
between 6.5 and 7.4.
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It is of interest to note that at least three out of seven large historical
earthquakes, which occurred in the central part, were accompanied by large
tsunamis. I have ‘the opinion that the expected large earthquake is probable to
generate such a tsunami.

The Patraikos - Corinthiakes - Saronikos belt

The PCS belt (37.50- 38.6° N, 21.49-23.30 E) is one of the most active regions
in the Aegean area. Figure 4 shows the spatial distribution of the epicenters of the
known large earthquakes which occurred in that belt during the historical times
and the present century. It is clear that the western part (21.4°-22.5¢ E) is more
active than the eastern one. Five large earthquakes occurred in that part in the
previous century. The same part is free of large earthquakes since 1888. Thus, I
conclude that at least one large shallow shock must be expected to occur there in
the next years.
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Fig. 4. Spatial distribution of the epicenters of the large shocks which occurred in the PCS seismisc
belt in historical times (white circles) and in the present century (black circle).
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The spatial distribution of the epicenters of the earthquakes (M =4.9) which
occurred in the PCS belt from 1911 to 1982 is shown in figure 5. In the eastern
part of the belt there was seismic gap of the second kind which was in quiescence
at least since 1911. A large main shock (M = 6.7) and its largest aftershocks (M =
6.4 and 6.3) occurred in that gap during the February - March of 1981. In the
western part there are two seismic gaps, the western Corinthiakos and the
Patraikos ones, which are free of epicenters of small earthquakes at least since
1911. The expected earthquakes is very probable to occur in those gaps, as the
same happened in the eastern part of the seismic belt. The surface of the western
Corinthiakos and Patraikos gaps is 1200 km? and 750 km?2 respectively. If we
apply the relation (1) we will find that earthquakes with magnitudes equal to 6.7
and 6.5 correspond to these regions. Considering the fact that at least seven out of
thirteen known large historical shocks, which occurred in the western part, were
accompanied by large, damaging tsunamis, it is concluded that the expected
earthquakes is very probable to generate such tsunamis.
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Fig. 5. Two gaps of the second kind exist in the western part of the PCS seismic belt (dashed regions).
A gap of the second kind was existed in the eastern part since 1911, In this gap occurred a main

shock (6.7) and its largest aftershocks (6.4 and 6.3) in 1981. The black circles represent the
epicenters of the shocks which occurred in the belt from 1911 o 1982.
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Epdtnon and A Kiokvpa

H anouvcia peyaiov ceicpav 610 Kevipikd turjua tov B. Aryaiov and to 1893 ka1 otnv neproy i
tou Avt. KopivOiaxod xoAnov - [Matpaixot ano 1o 1888 anotehei pia andn évéelgn yia peAloviikoig
oeiopols. To 1o 1oyvel kar yia moAAég GAdeg mepumtdoelg m.y. TG Ataidving, A. Meagonviag,
KuOrjpov xAn.

Aev avagipate mov PacIGTIKajE kal UANGATE yia EXSHAWOY HEYGAOV CEIGU®V OTA EMSMHEVE
povia; O mapayovrag peyGAr xpoviky Siapkela (CElCpIKd Kevo) Sev eival apketdq.

Itn Oakacola mepoy] A. Meoonviag o tehevtaiog Gelopog Eyive 1o 1886 xan otnv mepoyn
N.A. tov KuOhpev 1867, dnk. nepiocotepo poviko SidaTnpa, ywpic va yivel GEIGudG. Tuvendg av
Oa yiver OEWOpNOG GTIG WEPIOYEG, MOV avagEpate umopei va tival OOpmtmon Oyt anddelfn.

O xapng TOV 10TopIKAOV OtIcpdV Ti akpifeia éxcr cpocov ompixdnke oe mariig mapa-
dooeg; :

Armavinon octnv epatnon tov k. Kiogkvpa

Miinoca v ekdHAWGN pEYGAWV GEIGUAV OTa Emopeva xpovia Pacil{opevog ota kpitipla mou
{pNoiponolobvial S1e0vag yla TNV avayvOpion CELGPIKOV Kevav. Ta kpitipla avtd mepiéyovial,
onwg kat N oxenky fipfrioypapia, ato keipevo ng avaxoivwong pov mepiAnmuika. Eivat opwg
ONHAVTIKO va TOVIGTEL OTL | peydAn diapkela tng CEIOUIKNG novyiag dev tavtiletar pe v évvola
ToV GEIGHIKOD KEvOD, @AAG amottrei éva and ta Kputipla avtov. Ie 0,11 agopd v akpifcia twv
otopikiv  dcdopivev, yivetar avagopd oto keipevo. H axpificia avti eivar avapgrofrimra
IKAQVOTTOIMTIKY] Yia MEAETEG OTNV KAipaka TV CEICUIKAV [wvov.
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