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ZEIZMOAOTIA. — Abnormal Nucleation of Subcrustal Events in the Vicinity
of Cos Island, by Academician A. G. Galanopoulos*.

ABSTRACT

The present paper aims to address the abnormal clustering of subcrustal events with
focal depths 100 km and over in the vicinity of the volcanic islands Aegina and in partic-
ular Cos, in the northwestern and southwestern cups of the Hellenic volcanic arc.

The earthquake recurrence behavior in the most energetic mantle source of Cos is
very well reproduced by Galanopoulos’ earthquake recurrence models: Log(Nc)=a—bt and
Log (Nc)=k(t+c)-p.

As a rule, the return period range for a given magnitude and over consists of several
seismic cycles or classes of actual repeat times. In each seismic cycle, large events of any
possible magnitude may occur. There is no tendency for association of larger events with
higher classes of repeat times.

INTRODUCTION

The major area of southern Greece (34° N39°, 20°E29°) is admittedly
a subduction area associated with the Hellenic trench. The present paper
aims to address the problem of clustering of subcrustal events with focal
depths 100 km and over in the vicinity of the volcanic islands Aegina and in
particular Cos, in the northwestern and southeastern cups of the Hellenic
volcanic arc.

There is no satisfactory explanation of the abnormally high activity
of subcrustal origin in the northwestern and southeastern cups of the tertiary
volcanic arc (Galanopoulos, 1975). A counterclockwise rotation of the under-
thrusting African plate (Le Pichon and Angelier, 1979), with the pole of
rotation in the Adriatic Sea (40°N, 20°E), may account for the striking nu-
cleation of subcrustal shocks in the neighbourghood of Cos (Galanopoulos
and Delibasis, 1983).

* A. I'. TAAANOIIOTAOY, °‘Ectlaon weyddov mAfjfoug ceiopndv évbiapéoouv RBa-
Bovg athv meptoyy) Tiig viicov K.
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DATA USED

The data used for the present paper cover the period 1971-1985. During
the study period the configuration of stations in Greece remained stationary
and the type of recording devices did not change. In addition, since 1971 the
seismic entries in the regional catalogues of the International Seismological
Centre (ISC) are adequately homogeneous. All location data and focal depths
were taken from the ISG-catalogues.

Surface wave magnitudes were derived from a calibration formula
using the number of reporting stations and the distance out to which the re-
lated shocks were registered (Galanopoulos and Makropoulos, 1981). The
4 1/2 M, was adopted as threshold magnitude (Suzuki and Ito, 1980). The
seismic energy was calculated by the Gutenberg-Richter’s formula (1956):

Log E=11.84+1.5 M,

TABLE 1

Subcrustal events (h=100km) of magnitude <4.5 in the major avea of
southern Greece (34°N39° 20°E29°), 1971-1985

No Tiate L:)a;\ila. Loo]gg. Dﬁﬂh Ms Inter(e]ggx;rts )Time
1 11971, Jan. 16 | 36.6 | 26.9 [157* |5 - i
9 [1971, March 18 | 36.3 | 27.0 |141* |5 1/4 61 | 6l
3 |1971, May 15 35.8|28.3 [113 | 4 1/2 58 :
4 1971, Aug. 11| 36.8 | 24.0 |109+ |5 3/4 88 s
5 [1972, March 16 | 37.9 | 23.4 142+ | 5 217 -
6 |1972, Sept. 18 | 36.0 | 24.6 |103+ | 4 3/4 | 186 ;
7 |1972, Sept. 25 | 36.5| 26.8 [163* |5 7 | 556
8 [1972, Dec. 6| 37.7 |23.9 |158F |5 72 2
o |1973, Sept. 12|36 6 | 27.0 |157* |5 280 | 352
10 | 1974, April 8 |36.6|27.1 149* | 53/4 | 146 | 146
11 |1974, May 12 | 36.7|26.9 |149* |5 1/2 9% | 96
12 |1975, Sept. 23 | 36.6 | 26.8 |156* |5 1/4 | 499 | 499
13 |1976, Aug. 2[35.6(25.9 117 |51/ | 314 e X
14 |1976, Aug. 17 | 36.7 | 27.1 [160* |6 15 | 329
15 | 1976, Aug. 18 |36.7 |27.4 | 157* | 4 12 1 1
16 |1976, Sept. 18 | 36.6 | 27.0 | 154* | & 1/2 2 | 25

49
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TABLE 1 (cont.)

No Date IalatIt. Lgx}:}g. Diﬁh M, Inter?]ggl;’ts )’I‘ime
17 1976, Sept. 24 | 36.1 | 26.8 | 159* |4 1/2 | 12 12
18 1977, ‘July 12 | 36.6 | 27.0 | 157* | 4 3/4 | 201 291
19 1977, July~ 27| 86.1 | 24.8 | 116F | b 15 -
20 1978, Oct. 31 136.2127.0 | 149* | 41/2 | 461 476
21 1978, Nov. 28 | 36.0 | 26.4 | 114* |5 3/4 | 28 28
22 1979, March 11 | 37.6 | 23.4 | 156+ [ 5 103 -

23 |1979, Aug. 26 |39.1|22.1 103 |41/2 | 168 <
26 |1979, Oct. 21 |38.1(23.0|123 |41/2 | 56 :
25 1979, Nov. 2 |36.6|25.4 (158 |43/4 | 12 .
26 1980, April 28 | 37.2 | 24.2 | 159+ | 5 178 :
27 1980, June 11 | 36.1|27.8|108* |4 1/2 | 561 561
28 |1981, May 8 (35.8|272|110 |53/4 |37 S
29 1981, May 20 |362 (226|109 [51/2 | 12 J
30 |1981, Nov. 16 |36.6 | 26.8 | 161* |5 1/4 | 180 523

31 1982, Jan. 24|36 6 | 27.5 | 146*% | 4 1/2 69 69
32 1982, April 18 [ 36.6 | 27.1 | 155* | 5 3 /4 84 84
33 1982, May 9135.9|26.3 133 | 43/4 21 -
34 1982, July 26  36.9 ) 23.7 ; 106+ 5 78 -
35 1982, Nov. 28 | 36.4|26.2 | 140* | 5 1/2 | 125 224
36 1983, Febr. 28 | 36.3 | 27.7 {1 107* | £ 12 92 92
37 1983, April 23 | 36 2 | 26 4 | 136* | 4 3 /4 54 54
38 1983, Sept. 27 | 36.7 | 26 9 | 160* [ 6 1/2 | 157 157

39 1983, Oct 7|38.0|23.3 136+ |5 1/4 10 -
40 1983, Oct. 31 |38.122.9|120 |4 3/4 24 -
41 1984, Febr. 28 | 36.2 | 25.6 | 158 |5 1/2 | 120 -
42 1984, June 20 | 36.7 | 27.0 | 166* | 5 1/4 | 113 267
43 1984, Sept. 23 | 36.5 | 26.5 | 155* | 5 1/4 95 95
44 1984, Oct. 10| 36.8 | 23.5 | 103+ | 5 3/4 17 2
45 1984, Nov. 20| 35.6 |26.5 120 |41/)2 41 -

46 1984, Dec. 16| 37.1 | 24.1 | 138+ | 5 26 -
47 1984, Dec. 16 | 36.3 | 26.8 | 147* | 4 12 0 84
48 1985, Febr. 3 |37.8 |23.8| 195+ | 412 49 -
49 1985, Febr. 6 | 36.6 | 27.7 | 128* | 5 1/2 14 63
50 1985, Febr. 25| 36.4 | 26.7 | 157* | 5 8 8
51 1985, April 23 | 36.3 | 26.9 | 137* | 4 1/2 57 57
52 1985, July 14 |35.9)|26.2|106 |5 1/2 82 -
53 1985, Dec. 3136.6|26.9|156* [ 51/2 | 142 224

Shocks from the Methana and Cos sources are denoted in the focal depth by 4 and *,
respectively.
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RESULTS AND REMARKS

In the regional catalogues of the International Seismological Centre
there are 122 entries of subcrustal events with focal depths 100km and over
and m; 3. Of these events 22 are located in the vicinity of Aegina (36°N38°,
23°E25°) and 57 in the vicinity of Cos (36°N37°, 260E28°). This indicates that
ca 65% of the reported subcrustal events that occurred in the major area of
Greece stem from the seismic pockets of Aegina and in particular Cos (s. Fig. 1).

= o
21° 22°

Fig. 1. Distribution pattern of shallow and intermediate focal depth earthquakes with
M >4.5 in the major area of Greece during the period 1971-1985.

The paramount production of the seismic source of Cos is better assert-
ed by the entries of Table 1. Table 1 presents only the subcrustal events
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of magnitude 41 /2 and over. The subcrustal events of the whole area consid-
ered amount to 53; of these events 12 (239) stem from the Methana pocket
and 29 (55%) from that of Cos.

The sum of the energy released in the 53 events amounts to 71.474 X
102 ergs; of this amount 7.413 x102° (109,) come from the Aegina source and
58.692 x102° (829,) from that of Cos.

The focal depths of the mantle shocks of Aegina range from 103 to
195km (on the average 135km). The focal depths of the mantle shocks of Cos
range from 107 to 166 km (on the average 148 km). Apparently, the maximum
focal depth of the Aegina mantle shocks (195 km), in comparison with that
observed in the Cos area (166 km), is due to the larger width of the related
contact zone of the oceanic slab with the overriding Aegean microplate.

The magnitude data listed in Table 1 are summarized in Table 2. The
following equations fit fairly well the related data of Table 2.

Log (Ne)=5.9157-0.8979M,, S.D.=-+0.14 1)
Log (*N¢)=5.0602-0.7756M,, S.D.=-0.12 (2)

Table 3 shows the distribution of earthquake occurrences per actual
repeat time expressed as unit time the average interoccurrence time (Gala-
nopoulos, 1987, 1988a, 1988b), m=103 and *m=189 days. The following
equations fit pretty well the related data of Table 3.

TABLE 2

Frequency of Earthquakes in Magnitude Increments M,=0.5

Magnitude Ms
Frequency
4.5 5 5.5 6 6.5
N 20 18 13 1 1
Ne 53 33 15 2 i
=N 44 9 7 i 1
*Ne 29 18 9 2 1
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TABLE 3

Distribution of Earthquake Occurrences per Actual Repeat Time Expressed
as Unit Time the Average Interoccurrence Time,
m=103 and *m=189 Days

Repeat Times, t
Frequency

4 2 3 4 5 6
N 34 10 B 2 2 q
N. 52 18 8 5 b 1
*N 19 6 5 - - -
*N, 28 1% %) - - l -

Log (Nc)=1.953-0.3176t, S.D.=-0.0836 (3a)

or Log (Ne)=3.432(t +1)7, S.D.=-0.0767 for t { 6 (3b)

And
Log (*Nc)=1.850-0.389t, S.D.=-+0.027 (4a)
or Log (*Nc)=2.954(t+1)'1, S.D.=-+0.049 (4b)

The equations (3a) and 4a) give us accurately the return period range
of the mantle shocks with M= 4.5, and reproduce satisfactorily the earthe
quake recurrence behavior observed during the period 1971-1985 in the ma-
jor area of southern Greece and the very energetic source of Cos, respectively.

TABLE 4

Distribution of Percentage of Earthquake Occurrences in Terms of Actual
Interoccurrence Time t,

Repeat Times, ¢
Percentfaqe 1
1 l 2 \ 3 4 5 6 | Total
N 65 | 19 6 4 4 2 | 100
N 61 ‘l o | 18 l : 3 - | 100

According to equation (1), to an average recurrence time of 15 years
corresponds one 6.59M; event. This event may occur within a time span of
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about 92(=6.149 x15) years since 1971. If the equation (3a) holds for longer
periods of observation, to an average recurrence interval of 6.149 x15 years
corresponds, under the same assumption for the equation (1), one 7.47M, event.
This event may occur between 92 or less and 566 years [=(1.953:0.3176) x92]

With the same reasoning, from the equations(2) and (4a), that hold
for the very energetic source of Cos, we may expect one 6.52M, event within
a time span of about 71(=4.756 x15) years since 1971. Under the same as-
sumptions for the equations (2) and (4a), to an average recurrence interval
of 4.756 x15 years corresponds one 7.40Ms event. This event may occur
between 71 or less and 338 years [=1.850:0.389) x71].

It is worth noting the similarity of the results derived for the whole
area and the seismic pocket of Cos. This may indicate that the expected 7.5M;
earthquake will occur most probably in the neighborhood of Cos (36°N37°,
26°E280). There is, then, a 619, probability the expected 7.5M; earthquake of
intermediate focal depth to occur within a time span of 71 year since 1971.

As a rule, the return period range for a given magnitude and over con-
sists of several seismic cycles or clases of actual repeat times. In each seismic
cycle, large events of any possible magnitude may occur. There is no tend-
ency for association of larger events with higher classes of repeat times. The
rule holds for mantle shocks as well as for crustal shocks.
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WP TAH P H

“Eotiaon peydiov mwAHBoug celopdy évdiapéoov Bdbovg athv meptoxy) Tiig vicouv K&

Elva orpepa yevindc dmodextd 87t #) edpirtepn meproyy tic vétwag ‘EANdSag
(34°N39°, 20°E29°) elvar meproyd) ovyxhloswe tév mhaxdv Edpaciac xal *Agpt-
wie natd pinos Tig ‘EXviaiis tdopor. “H meproyd) adthy yapantypllerar dnd &v-
Tovy) celspy dpdon), Téoo Emipavelany), boo xal évdiopéaon Bdboug.

Aév dmdpyet ixavomomTixn EENYNen yia THY dvapadn SYnhy csiopiny dpdorn
evduapéoon Eottaxol Bdbovs o1 Bopelodutindy xal votioavatolxd &xpn ol ‘EX-
Vol Hoarersiaxod Té€ov. LTpopd xatd TV dvadpopn opd g xatadvoubvig
oty ‘EMavindy tdopo mhdxag Tis "Agpuic Suatohoyel ixavomowting wévo To
wévtpo adbnuévns celopiniic Spdoews &vdiapéoon Eotianol PBdbovs mod mapovoLd-
Cetar 670 vottoavaToled Alyolo.

Zrobg xatahbyovs o0 Awelvols Zsioporoyined Kévrpov, 1971-1985, Zyouv
rararywptobet 122 ceropol weyéfoug 3mp xal dve mod mpoépyovrar dnd Bdbog loo
peyoardtepo Tév 100 yhw. *Awd Ta ovpBdvra adra 27 moofpyovral &md THY mepLo-
) e Alywas (36°N38°, 23°E25°) xal 57 dmd v meproyy) i K& (36°N379,
26°E280).

‘H peyadbrepy ceopind) dpdon évdiapéoov Pabouvg mod mapatnpeitar oty
neproyd) tic K& qalverar xalbrepn dnd tiv mwhipy celpd aetopdy ueyéboug 4 1 /2 M,
xol §ve. "And tods 53 osiopode peyélovg 4 1/2 xal dve mod xataypdpnxav &wd
iy edplrepy meployd) Ths véTwng ‘EAMGSag xatd iy meptodo 1971-1985, 12 (Hrou
23%) mpoépyovray dmd Ty meptoxh Tig Alywag xal 29 (Hror 55%) dmd 13y meprox
i K&. ‘H &vépyein mod Edevbepmbnue otig mepuoyds Alywag xal K& xara 1odc
oeLopode Evdtapéoon Bdboug, ueyéBoug 41 /2 xal dve, Frav 109 xal 82%, dvristolywe,
Tiic owvohnile évépyelas mob Eleubep@lnxs otiy (81 wepiodo o” SAbxAnpn Ty we-
proyh g vériag ‘EANASug. Andady) 76 929 iic évépyelag dmd oetopods Evdiapéoon
BdBoug mpoépyovral &rd Tode oetopmixols B0raxss Alywag xal Ké.

‘H xaravoph i dfpoiotiniic cuyvérntag tév cetopdyv peyéfoug 4 1/2 xal
dve, cvvapthost Tob peyébous, My, xal tol ypbvon Emavadfifews, t, xppacuévou
pt povdda 1oy péoo ypdvo Emavediews, m, oty edplrepy weptoyd THG véTlg
‘Enadag, Ne, xal otiy vepyd meproyd) tiic Ké, *Ng, dmodiderar ixavomouyrixd
dnd Tic dxbdhovbeg Eiodoelg:




EYNEAPIA THX 26 MATOY 1988 297

Log(N¢)=5.9175-0.8979 M, S.D.= 4-0.14 1)
Log(*N¢)=5.0602-0.7756 M, S.D.= 4-0.12 (2)
‘Opotwc
Log(N¢)=1.953-0.3176t, S.D.= +0.0836 (3a)
3 Log(N,)=3.432 (t+1)%, S.D.=40.0767 yux t<6 (3b)
xacl
Log(*N, )=1.850-0.839t, S.D.=4-0.027 (4a)
3 Log(*N.)=2.954(t +1)?, S.D.=40.049 (4b)

Kara 19y éflowon (1) ¢ wa meplodo mapatnpnicews 15 erév dvriororyet
évag celopdg Svdixpéoov Bdbous (S100km) peyéboug 6.59Ms. ‘O oeiopds adrds
wropet v cuuPet oTiv ebpltepy meploxy ThHG véTias ‘EXhddac péox ot Skoryua
92 &rv peta 1 1971, *Edv ol &roawoetc (1) xai (3a) loydovy xal i peyarbrepec
oetopixds meptédoug, of wik péon meplodo Emavaridews 92 Erdv dvricTouyel Evag
oetopdg Svdiapéoon Bebovg (S100km) peyébovg 7.47 M. ‘O oseropds adrdg umopet
va: cuufet péox ot Srdotyue H66 Erdv pere o 1971.

Me o 3o oxemtind xal Tic 1dieg Exdoyés yia Tig EEodoels (2) xal (4a),
0 mpémer va mepipévovpe oy meptoyh the K& &va oeiopd Evduxpéoov Bdboug
(>100km) peyébovs 6.52Ms upéou of Sudotnua 71 érdv, xal &va ceiopd Evdia-
wéoov Bdbovs (S100km) upeyéBovs 7.40Ms péon of Sukotnua 338 &rdv pera
<o 1971.

‘H buotbérnra t6v EExyousvey yid Thy edplrepy meptoyy) Tiic votiag “EANdSag
xol Y1 Ty moAd dvepyd meployh Tie K& Omodeuevier 6t 6 dvapevépevos oeiopdg
dvdapéoon Bdbovg (=100km ) peyébovg 7.5M, mepimov O yiver pdliov atiy mepto -
m s Ka. ‘O oeopde adtdg Exst mbavéryra 619 vo cupBel péoa ot Srdoryua
71 &rdv, xal 100% ot Sudornue 338 &rdv pere vo 1971.

Koatd xavéve, 6 péyisroc ypbvog dvapoviic ocelopdyv Gpropévov peyéboug
%ol &ve &moTedeital GnO 3 ¥) MEPLEGHTEPOVEG GELGRLIROVG XUXAOVG T Tdele Tporypa-
@y ypdvev Eraveddewe. L& xdle oeiopind xwdxho pmopel va cuuPolv oelopol
émotoudmote Suvatol peyélove. Adv drmdpyst Tdom ol csiopol ueyaddrepov peyé-
Bovg V& mapatnpolvrat ot ypbvoug Emavahflews peyarbreprns tdEsng. ‘O xavévag
adrdg toyber Téo0 YLk Todg celopods Tob YNivov Qhotol, 8co xal yik Tod¢ celopols

708 yNivoy powdler.



