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:-'lnD1AltY. 'l'he g-eugntphieal di"trihution of t]w after.~ho1'!i adivit,-y 
ami aftorshoek rillk in tlw rogion of and near Greece i~ inYost.igaled unlhe hasis 
u[ uh~orvat.ions OH 216 after"hork ~equenres. 'l'he aft.ershoek aeti\·ity i" a 
meaHure uf t.he nnmher o[ aUershul'k~ aJl(1 thfl aUflrllhock rillk ili a moalluro l)f 

tho ener~:> of a.fterlllu){·k" \\'hil'h follow a main "llOCk with a l'ortain magnitud(·. 
'l'ho lIt.atistil·al relatioll 10gS .-- -- 3.70-0.74 lI" ha" hool1 [oun,1 hetwoou {he 
numher _'" u[ a[tershul'k" o[ .lI >- 4.0 anll the lllagnilulle .110 u[ the Ilmin 
shul'k. 'l'he reln.Uul1 .1I, = -·0.5!)-i-O.91 .Ilo ha_~ heen foulld het\\'oon thfl 
mag-nitllllfl uf the largflHt aftflr"hoek of a ~fllP'OlteO and the magnituolo of the 
main shol'k. On t.hfl JJa~is of tlw"e rolations alH\ t.he ohseryation", t.wu maps, 
whirh sItO\\" Uw f{oogmphical ,list.rihutiun o[ the aflershuck act.ivit.:v [md 
aUershuck ri"k in the area u[ aJl(1 11ear (';reel'e, have heeu l'uustrude,l, 'l'he 
generai paHerll.~ of thflHe mal''' arfl similar hut Hoveral ,lifferfllll'fll< al"fl o h"erYfllL 
'l'ho zonfl" of flqual a.fter~hOl'k artivity an,1 aUflrillwl'k risk [olio\\' the goneraI 
tel'Ìonil' pat.tern of thfl rogion. Such map" are \'er'y usefulL a.s they ,Ie.~rriho 

(he geugmphiral ,list.rihulioll uf several physkal prupertieil (homogflneit~, of 

mat.erial, iltre;;iI distrihutiun ek.] aJl(1 ean ho u"e,\ to o"timato thell1lmher anll 
magnitullo uf the a.fter~hul'k~ whie\, follo\\' a main lIhol'k. 

RIASSUSTO, ~ 111 Im~e ali oSHervazioni "u 211i ~oquonze Ili tflrremoti, lÌ 

stata stu<1iata la Ili.~trihU7.ione f{eogralka ,\ellfl roplil'hfl e ,lfll l'on~eguente 

ris .. hiu uell'interno e nollo vil'inanl,e ,Iolla Gl'oda, L'attività dellel"flplil'he di 
uua scussa è rappre.~eI1tata ,Ial numoro ,Ielle repliche, meutre il ri"chio lÌ 

l'energia liherata Ilalle repliche l'he ~eguullu la scussa pril1eipale COli una 
l'orta magnitllllo. Fra il numero 11{ di rflplil-he eon magllitllllu M ;;. 4.0 e la 
maf{nitudo ][0 della ilco~"a prinl'ipaIo è lItata tru\'ata- la relazione Htati"til' a 
log N - - 3.'U + 0,,4 Mo, !!lontro la. relal,iolle trovata fra la magnitlldu 
della rflpliea più fort.e di una ~eqllel1za e la JIlag-niLmlo della scoil~a principalo 
è stata ..111 -~ O"i!! i O.!)I .110 , ServelHlosi di queste relazioui e delle os~or-
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vaziOlli, H(}]\(} state ~ostruite (lue mappe che Illostrano la {listribuzione geo· 
grafi{"a dell'aUh"itil {Ielle repli{'jl{l e il ri~chio nell'internu e nelle vicinanze 
della Greda. III generale i mo(lelli di queste mappe sono simili, anche Re e~i· 
stonu alcune difiel"ell7.e. Le ZOlle di uguale altivitìl e rischiu di replì{"a 
seguono il I!lU(lellu t.ettoni{"o generale della regione. Tali mappe ROIlO molto 
utili poi dIo mettono ill evidenza la (Iistrihuziune geografica di {liver~e pru· 
prieli\ fisiche (omugeneiti\ {lei materiale, di~tribuziolle (Ielle forze et~.) e 
pu.~sono essere usate per valutare il nUllloro o la magllitudo delle rop\i{'he 
che seg-uonu la scussa principale. 

INTHODUCTION. 

Man}' papers on aftershock sequences have been publislie(l in the 
Iast fìfteen years. :Most of tliese papers (leltI with tlie time, tlic space 
and the magnit.ude distribution of tlie aftershocks. Some authors 
have invest.igat-e(1 tlle depenaence of tllc magnitudc (j}II) of the Iargcst 
aftersllOck on tlle magnitudc Ulfo) of the main shock (2. ~. 9) or the 
regional variation of the dilfel"ence between tlle magnit.ude of tlie 
la.rgciit aftcrshoek allli tlle m agnit.ude of tlic main shock (5). 

'l'he term "aftersllOck act.ivity )! ha.s becn frequentIy uscd, but 
it is not easy to be accurateIy dermed. Utsu (g), for examplc, con· 
siders tlle ilifference bctween the magnitude of t·he largest. aftersllOck 
and the magnitude of the main shock as a measure of the aft-ersliock 
ad.ivity. This diiIerence in magnit.ude is actually a mcasurc of tlIe 
ratio of the totai energy of an aftersliock sequcncc to thc encrgy of 
the ma.in shock, because a linear reiation has becn found between the 
Iogal"H.lIm of tlie t-otal encrgy of an aftcrshock sequence and the magni· 
tude of tllc largest aftershock of the sequence (S). 

1l0wevcr, if we wish the terrn "aftershock activity)! not to mcan 
the rubo of the aftershock energy to the encrgy of the main shock, 
but tlle t-otal nurnber of aftersllOcks which follow a main shock with 
a certain magnitucle, then the difference Jfo-Jf, is not always sufficient 
to indicate H·. Tliis is (Iue to the fact that the parameter b of tlIe 
recurrence cm'ves is not tlie same in aH aftcrshock sequences au(I, in 
some eases, thc dilfcrcncc in its vaIue between two aftershock 
sequenccs is large. For example, tlie differencc Mo - .MI for tho 
e,~rthquake occurred in Anatolia and listcd in Table I with number 6 
is LO, while this dUIerence for the carthquake occurred in tlie Ionian 
Islands ancl listed with number 114 is 0.9. On the basis of this obser­
vation one conid conclude tliat the two earthquakes were followed 
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by the Rame number of after8hock8 about with magnitude larger than 
a certain value. However, the A,natolian earthquake was followed 
by only follI' earthquakes with magnitude equal to or larger than 5.0, 
while the Ionian earthquakc wa.~ followecl by thirty fìve aftcrshoeks 
with magnitude equal to or larger than 5.0. 

In thi8 paper by the term "after8hock activity" it i8 meant· a quan­
tity which informs us about the large or small number of aftershock8 
which follow an earthquakc with a certain magnituue. The logarithm 
of the number of aftershocks (a"') with magnitude equal to or larger 
than 4.0, which follow a main shock with magnitudc 5.0, is uscu a..<; a 
mcawre of this quantity. By the term "aftershock risk" it iR meant a 
quantity which inform8 U8 about the amount of seismic energy released 
by the aftershocks which follo w a main 8hock with a certain magnitude. 
Thc magnitudc of the largest aftershock (JlII "') of a main 8hock of 
magnitude 5.0 i8 used as a measurc of the "aftershock risk". 

The purpose of thi8 paper is to investigate thc geographical varia­
tion of the aftershock activity and the aftershock risk in the arca of 
anu near Greece. 

T:n::F. DATA. 

Several papers have bccn previously publisheu on the aftershock 
sequences in the region of Grecce. Papazachos et aL ( ~ ) have in­
vC8tigateu the aftershock sequences of the large earthquakes (JlI > 6.0) 
which occUI'red between 1926 and 196-i, Comninakis et al.. (I) 

have investigated the aftershock and foreshock sequence8 of the earth­
quake which occurred on February 5, 1966, nea!" Crema8ta and the 
relation of these sequences to the Cremasta artificial lake. Drakopou­
los (2) hus investigated the aftel'shock sequences of six largc carth­
quakes which occul'l'ed between1912 and 1922, the aftershock sequences 
of the large earthquakes which occurred between 1964 and 1967 and 
the aftershock scquences of some smaUer main earthquakes. The 
total number of the after8hock scquences, investigated by these authors, 
is about 140. 

The publisheu data uo not constitute representative sample for 
the investigation of the geographical distribution of the aftershock 
activity. This is due to the fact that the aftershock sequences of the 
large earthquakes CM > 6) are not enough, and the data for the smaller 
main shocks are not homogeneous because in this range of magnitudes 
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only sequenees whieh include relH.tively large number of aftcrshocks 
have been eonsidered. 

"\n attempt has becn made to collect as many homogeneous data 
n·s pos~ible ",cith the plll'pose Lo invc,o,tigatc the geogn11)hical distri­
bution of the aft.ershock activity and aftershock risk in t,he area of 
Oreecc. 

]<'rom 1911 till 1957 only low magnifieation instrnments (Mainka 
01' \Viechert seismogml)hs) were working in "\t.hem. From 1958 till 
\96fi instruments of high magnitieahon were working, too, in AthcllS. 
[Il \%5 folli' stH.tions with instrnments of hiKh magnilica,tion were 
establislwtl in fo1U' islmuls in the area of Greece, amI la,ter (\ 9(8) two 
other similar stations were put IIp in northcl'n Greccc. The,o,c ,o,tages 
in thc ill,o,tallation of new in,o,tl'Ument8 in the area have been tnken 
into account to choose the lower limit of the magnitndes of the main 
shoeb. 

"\ '\'able haH been matle whieh contains the magnitudes and other 
informat,ion on thc a.ftershoek,o,: 

Il) of ali the shallow main eH.rthquake~ with Mo> 5.5, oceUl'red 
between 1911 lmd 1957 in the area of allli nen.r Gl'cece 

I)) of aH the ,o,hallow ma,in earthquakes with M > 5.~, o(:e11l'rctl 
betwecn 1958 amI 1965 in the same area lmd 

(') of nH t,he shallow main eH.rthquakes with 11I ~ 5.U, OCCUlTC(l 
betwmm 1966 allli 1969 in thc above area. Thi8 area, is bounded by 
the :Ho N awl ,12 0 N lmrallels and by the 190 E and 29 o Ji) merilliam. 
The 'l'ahle also ineludes ali the main earthquakes which have not 
recorded afterHhoek. In t,hese eH.ses, the UPIler limit.'1 of thc magni­
tmles of t,he largust n,fter,o,hoeks hn.vc lwen ealeulatcd from the noise 
Icve! allli the epiecntral tlistance,o,. In eadl of these cases, the magnitlHle 
or thc largest a.ftershoek has been assumed equal to the caleulat.c([ 
value minus 0.2. Sueh aoSsumption may not be eorrect in alI caoSes 
but the results of t,he present stndy are not affceLetl by such discr{'lmn­
ceH. On thc othcr hand, the knowlctlge of the upper limit of t,he 
magnitude of the largest a.ftershoek is very usefull. 

'l'hc aftershock sequcnees of 21ti ma,in ea,rthquakes are listed in 
this table. lc'or this reason it is not possible to ineltHlc this table ill 
thc present paper but it will be pnbli,o,hed ,0,0011. Tnformation on the 
main shoeks and theiT aftershock sequenees are listed in 'l'<oblc L 
When the magnitude of the largest aftershoek iH assllluetl, this 
magnitmle is Imt in parenthe,o,i,o, in '\'able 1. 
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'l'ahle l. - [:\FOIDI,\TIO:O; 0:\ TIIT'; )\,\1 :\ SIIOCl'S A:\D TIIMR ,\FTM\SIIOCK 

~EQFi";NCE.~. 

;,.'0. Dal.e I r" jy 
h Jlo .111 .1f, * log-S ,, ' N E '" 

., 
--

I I IHI [ , ]<'eh. 18 • " 203
/ 1 21:35:12 H H il.3 3.8 I .20 n . 02 

2. , , Od .. 22 391/. 23 22:31:45 H. I ;l. O '.0 O. \lO 0 . (1) ,. 19[2, .Iall, " 38. I 20.8 16;22:5[ 7 O 5.9 U I .80 0 . 32 
4. , Feh. " " 20'/4 08:03:53 6 , O 5 . 3 U I . 30 O. iHi 
5. , . \Ia.,y IO 34'/j 23'/ • I H:3H:08 5 . 9 4 . \l , . I O. 70 0 . 04 
G. Aug-. !I 40'/. 27 01 :29:00 7 . 6 H. H 4 . 2 I . HO - 0 . 32 
7. l!113. .Iul :v H 35.9 23.2 07:05:47 iL8 5 . I 4 . 4 O. "' 0 . 36 
K. 11)14 , ~ept . IO 373 / 4 21 13:00;48 5 . H ,. , ' . 0 O. " 0 . 34 
o. o Od. IO 38 1

/ 4 23',.': O(i:22;32 H. O ... H ,. 7 I . 58 0 . 84 
[O. o Ku\'. 27 38' /. 201

/ . [4:31):4H G. 3 5 . 1 ,. !I I . 08 O. 12 
Il. 1()15, .I a.1I. 27 38.ii 20.1i OI:09: .. H G. G 5 , 6 4 . I ! , 30 O. 12 
12. , , ,hm. , 31) 21 1:'1 17:22:02 .'i . 8 (3 . 7) 3 . O -0. 30 -O SO 
13. , , .Iuli. 24 343,:'., 24 1/! O?;20; 36

1 
;l . H 5 . 2 ,. 4 I 00 O " 14. " , Au)..!;. 7 38.5 20. 6 In:04;03 H. 7 ti . ;, ,. !I 2 00 0 . 7 .. 

15. ! I)](l, Feh. H 3n 23' i. [4:3!J:40 ii . 8 4 . 7 4 . 0 o. iO O, l ! 
[ ti. " ~epL 27 38'/. 23 [ii:02:13 5 . !J 4 . 5 3 . 7 O. 30 -0 . 36 
17. , , Xu\', 25 (38) (! I)) 02:02:4H 5 . 7 5 . 2 4 . 6 O. Hi) O. H 
IH. IHI7, :'Iray 23 3n.3 21 ,o 05;4ti:37 ti. 4.5 3 . 5 O " - 0 . 33 
I!J. , , Au)..!;. 20 39~ / 4 2H 23;02:0G " . 6 (3 . H) 3 . I - -o . 'o -O . H< 
20. " No,' . 2H 37 ... [9.7 IO:2 [: I O il. H (3 . H) 3 . I -o . 20 -O . 79 
21 . , [)e('. " 38'/. 2 [ ' /, (1):13: .. ;; 6 . O ii . 2 , . , 0 . 1)5 O. 21 
22. I n! 8. Feh. !I 3!J 23 12:28:42 5 . G 5 . 0 4 , 3 1 . 00 -o . 56 
23. Inln . Feh. 24 36. 7 21 . O 01 :56:00 6 . 3 U 3 . 2 0 . 48 ---o 4S 
24. Au)..!;. 22 40 20 22:3.'i;47 .'i . G 4 . ti 4 . 1 O, tifi o. [H 
25. , Od .. 2;; 3ti. 7 25.H 17:10;00 H. I " . ti 4 . G I . 32 O iiI 
2tj. " ~ov. 18 3l! H 27.7 21:54:38 H. !J 4 . H 2 . \l O. GO -0 . 80 
2-, . , Dee. 22 '" 20"/. 23:41:0H H. 3 4 . 8 3 . H 1 . 00 0 . 04 
28. 1!J20, OeL 21 391/. 201/ , , 18:57:4H 5 . 7 5 , 0 U O. 78 0 . 27 
29. , , Nov. 26 401

/, 20 08:51 ;00 G. 3 5 . 7 ' . 5 I . HO O. 1i4 
30. I H21 , ~IHX. 30 41.8 20.4 1;;:OIi:20 5 , H i; . O 4 . 3 o. 70 O. [ [ 
31. , .llIlle 2H 3H.3 21 . O 03:40:38 ' - (3 . H) 3 . 2 - o . 22 - O. H , • >. I 

32. , ~(l]!L 13 38' /. 21"/. 08: 5!J:53 ti. O IS. 4 4 . 5 O. 20 - 0 . 54 
33. [ 922, Apr. Il 40.5 I l!. 2 04:35:10 5 . 6 (3 . H) 3 . 4 -O . IO ---0 . 54 
34. .1 Ulle 5 35.0 22..'i 04:31 :05 5 . H 5 . .. 4 . 7 0 . 70 0 . 04 
35. Allg". 8 371/ ~ 23'/, 03:4l!:OH 5 . H 5 . I 4 . 6 O. 8ii 0 . 41 
3ti. 13 3H,O 2H. O OO:09:iiO ti. 8 5 . 1) 4 . 3 0 . 50 - 0 . 83 
37. No\'. 4 37.0 20.5 04:20:12 5 . 9 (3 . 6) 2 . I) -0 . 30 O lUi 
38. [)ee. 7 4 ['l. 20.6 I G:22:10 6 . l 5 . 3 4 . 3 1. 00 O. IO 
39. In23 . .Jall. 21 37.0 20.5 04:13;30 5 . H U 3 . H 0 . 30 - o. 14 
'O. , , De,·. ;; 40 23'/, 20:;;H:35 6 . 2 U 3 . 7 O. Hi) -O 03 

". 1!J2", Feh. 7 37 O 19.0 12:[4:5H 5 . G U 4 . 3 O. 7H O " 42. , , ApI. , 3;; 5 2!J. O 03:04:25 5 . 1) 5 . 6 4 . 8 1. 48 o. H2 
43. 1!J26, Feh. 2G 37 .8 21.1 IG:08:23 5 . 7 4 . 2 3 . G 0 . 30 - o 21 
H. " , .\[11.1'. 18 35 5 2!J. O 14;06;OG 6 . 8 U 4 . 2 I. 25 -0.08 
4 ... , , :-;ept. IO 36 22 01:03:57 ti. 3 .. . 3 4 . I 0 . 95 - 0.01 
46. " , J)e(~. 17 41 .0 In.5 Il :3H:5f, ti. l 4 . 8 3 . 7 0 . 90 O.O!J 
47. 11)27 , ~1n.I. 24 35,0 2ti.O 14:4H:35 5 . li 5 . 0 4.4 l . 20 0.76 
48. , , .J Ull . 30 38'/. 21 22:51):3ij 5 . 6 ' . 5 3 . 1) 0 . 48 0.04 
4H. I H28 . .\[11.1'. 31 38 27 00:2H:42 6 . 4 5 . 1 3 . H O. H -0.55 
ISO. o , ApI. IR 42 243/ 4 1();22:37 ti. I) 5 . G 3 . 9 1. 78 O. 3H 
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'l'able I cUlltiulltl(l 

'0 h~1 
, 

No. DaLe T" ,}lo ,}lI "11 1* lugN a' N E --, 1-- -- -- --- -- -

,'li. 1\)28 , ApI". 22 38.0 23.0 20:13:46 6 , 2 5.2 4 . I 0 . 95 0 . 07 
52. • , J \ll,r 15 38.5 27.3 09:33:24 5 . 6 4.5 4 . 0 0 . 78 0 . 34 
53. 1930, J an. 28 40' /: 20'/. 06:25:3°1 fi o 6 (3.8) 3 . 3 -- Q. 20 1-0 . 64 
54. • , Feb. 23 301

/ . 23.0 18:19:12 6 . O 4,6 3 . 7 0 . 70 r --O . 04 
.'5 .'5 . " , -"rar. 31 391

/ . 23 12:33:48 6 . I 4.6 3 . 6 0 . 60 ·-0 . 2J 
56. • , ApI". 17 37.8 23.1 20:06:391 

5 . 9 4.8 4 . 0 0 . 95 0 . 29 
57. • X(lv. 21 401/ 2 HJl/. 02:00:30 6 . l 5.0 1.0 1. 08 0 . 27 
fi8. 1031 , J a ll. 4 38 23 00:00:35 5 . 6 4.9 4 . 4 0 . 48 0 . 04 
59. • , • 28 40.6 20.8 05:55:15 6 . 0 5.0 4 . I 0 . 80 0 . 06 
60. • , \Tal'. 8 41. O 22. 5 01:50:24 6 . 6 5. I 3 . 6 I.IH! -0 . 18 
61. 1932, June 29 35.5 27.6 02:30:06 5 . 6 5.4 4 . 9 1. 20 0 . 76 
62. • , Ke}Jt. 26 40.4 23.8 10:20:42 6 . 9 6.2 4 . 5 1. 65 0 . 25 
63. " , • 30 36.0 22.7 06:12:16 5 . 6 (3.5) 3 . 0 -0 . 52 -0 . 96 
64. " , OeL 23 35. 5 27.6 13:36:43 5 . 6 4.7 4 . 1 0 . 48 0 . 04 
65. 1933, Apr. 23 363 /~ 27 1/ 2 0 5 :57:38 6 . 6 4.7 3 . 2 0 . 70 -··0 . 48 
66. • , "ray ]] 40.4 23.8 19:09:50 6 . 3 5. l 3 . 9 0 . 90 -0 . 06 
67. 1934, 1<'al1. 4 41.4 19.3 09:3:;:30 5 . 7 4.4 3 . 6 0 . 48 -0 . 11 
68. • , • 21 341/ 1 22 1/ 2 Il:37:20 5 . 6 4.3 3 . 7 0 . 30 -0 . 14 
69. 1935, Jall. 4 40'/. 27'/. 14:41:20 6.4 6.1 4 . 8 l. 00 -0 . 03 
70. , , )Ial". 31 41.\ 20.4 03:21:31 5 . 7 4.9 4 . 3 0 . 84 0 . 33 
71. 1938, Feb. IO 34.8 26.2 20:37:53 5. 6 (3.8) 3 . 3 -0 . 22 -0 . 66 
72. • , "rar. 13 38.8 20.6 17:45:32 5 . 8 (3.8) 3 . I - 0 . 22 -0 . 86 
73. • ,Jnly 20 38.3 23.8 00:23:35 6 . 0 5.0 4 . 1 0 . 60 -0 . 14 
74. 1039, Sallt. 22 39.0 26.0 00:36:32 6.4 4.8 3 . 5 0 . 70 -0 . 33 
75 . 1040, Jall. 6 35.7 25 .0 19:04:33 5 . 7 4.3 3 . 6 0 . 30 -0 . 29 
76. • , Feb. 20 351

/ . 251 1 , 16:07:44 6 . 0 (3.7) 2. 8 -0 . 30 -0 . 04 
77. 1941 , "ral". I 30.6 22.5 03:52:47 6 . 3 5.6 4 . 4 1. Il 0 . 15 
78. • , "ray 23 371/~ 28 19:51:52 6 . 0 5.4 4 . 5 1. 00 0 . 26 
79. • , ,Jnly 13 38 261 / . 15:39:28 5 . 8 4.7 4 . 0 0 . 30 -0 . 29 
80. o , Dee. 13 37.2 28.3 06:15:59 5 . 9 5.4 4 . 5 1. 08 0 . 34 
81. 1942, JUlle I 39.3 22.4 09:17:40 5 . 6 5.0 4 . 5 0 . 85 0 . 41 
82. • , " IO 33.8 26.5 04:47:30 5 . 8 (3.9) 3 . 2 -0 . 10 -0 . 69 
83. • , • 16 40.4 28.0 05:42:27 5. 8 (3.9) 3 . 2 -0 . 10 -0 . 69 
84. • , AnI;. 27 41.6 20.5 06:14:1I 5 . 8 (4.0) 3 . 3 0 . 00 -0 . 59 
85. " Oct. 28 39.0 27.5 02:22 :46 6 . 0 5.5 4 . 6 0 . 48 -0 . 26 
86. 1943: Feb. 14 38.0 20.0 07:28:14 5 . 8 5.0 4 . 3 0 . 60 0 . 01 
87. " , July 22 38.8 20.6 07:09:28 5 . 6 5.0 4 . 4 0 . 48 0 . 04 
88. • , Nov. 20 36.9 28.8 10:01:52 5 . 8 (3.8) 3. 1 -0 . 22 -0 . 81 
BO. 1944, :May 27 36 271/ 1 23:52:25 6 . 2 4.8 3 . 7 0 . 90 0 . 02 
90. " , .July 20 35.5 26.5 10:37:20 5 . 6 5.1 4.6 1. 00 0 . 56 
91. • , , 30 36.7 22.5 04:00:35 5 . 8 U 3. 9 0 . 66 0 . 01 
92. • , Oct. 6 39.4 26.7 02:34:41 6 . 8 5.4 3. 8 1. 00 -0 . 33 
93. 1946, ,July 16 33.8 25.3 05:26:26 5 . 9 (3.7) 2. 9 -0 . 30 -0 . 96 
04. 1947, Apr. 12 393

/. 25\/, 14:05:09 5 . 8 5.0 4 . 3 0 . 70 O. Il 
95. • , • 19 39.2 23.6 20:29:35 5. 6 4.6 4. 0 0 . 48 0 . 04 
96. • , JUIlO I 36.6 21.5 11:18:35 5 . 7 4.2 3 . 6 0 . 48 -0. 03 
07. • , Ang. 30 35 .1 23.4 22:21 :31 6 . 3 5.0 3 . 8 0 . 84 -0. 12 
98. • , Sept. 13 37.4 20.0 15:11:17 5 . 6 4.9 4 . 4 0 . 48 0 . 04 
99. " , Oct. 6 36.0 22.0 19:55:34 7 . 0 5.0 3 . 2 0 . 60 -0. 88 

100. 1948, Feb. 9 35.5 27.2 12:58:13 7. I 5.6 3 . 7 1. 70 0 . 15 
101. • , :Mar. 29 35.1 23.4 10:22:40 5 . 8 4.5 3 . 8 0 . 48 -O . Il 

, 
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Tablo I continllell 

No. Date 
[ 

'P' ;.' h .lIQ ,lII ][1* IOg'N o' N E m , 
-- - - -- -- -- -- ---

102. W48 , Apr. 22 381/~ 20'/1 10:42:4ii G. 5 6.3 4 . 9 O H;; -O . Ili 
103. • , Aug, 27 41. 7 tu . 5 10:44:0(; ii O 5.0 4 . 5 () J8 O 04 
104, • Oet. IO 35 . 1 23 . 4 17:43:01 5 8 4.8 4 . 1 O H5 O 30 
105. H14!}, Jllly 23 38 . H 26 . 3 15:03:30 G O 5.!} '-' I . 04 -O . 14 
106. 1!}51 , Allg. 31 35 . ii 22 . K 12:29:37 5 7 5.2 4 , H 0 . 70 O. 19 
107. 1952, }[al'. 19 39 . 8 28 . 7 01 :27:23 ;; 7 (3.9) 3 . 3 - 0 . 10 o. 01 
108. • , (Jet. 5 37 . 5 20 . 8 10:;;4:5(; 5 . 8 ii 3 4 . 0 O. !}() o. 31 
10H, • , Dee. 17 34 . 4 24 . 5 23:03:;;7 0 . 8 5.7 4 . 1 I.H -0 . 19 
ilO. 1!}53 , JfUl. 7 41. i5 20 . 0 01 :18:57 5 . 7 (3. H) 3 . 3 -0 . 10 -0 . 61 
111. • , .Mal'. 18 40 . 0 27 . 3 1\1:06:13 7 . 2 5.7 3 . 7 l. 4il -0 . 13 
Il2. • ]\[ay 2 38"/. 261 :' . 18:37:38 5 . (; i;. O 4 . 4 0 . K4 0 . 40 
Il3. • , June 3 40 . 1 28 . 8 W:Oi5:24 i5 . 7 5.0 4 . 4 0 . 48 -0 . 03 
114. • , Aug, 12 38 . 3 20 . 8 0!}:23:52 7 . 2 0.3 4 . 3 2 . 35 0 . 73 
lUi. • Bep't. 5 38 . 0 23 . O 14:18:41 i5 . 7 3 . 9 3 . 3 0 . 00 -0 . 51 
116. 19M, Apr. 30 30 . 3 22 . 2 13:02:36 7 O 5. 7 3.9 1 . 7H 0 . 28 
11 7. • Allg. 3 40 . 1 24 i5 18:18:13 , \I 5. I U 1. Il 0 . 45 
118. • , Dee. 23 37 . O 21. I 16:27:18[ 5 8 5. i5 4 . 8 0 . 7() 0 . 11 
Il9. 19i55, Apr . 13 37 . 3 22 . G 20:4;;:4(; 5 8 3.7 3 . 0 - 0 . 3() -0 . 90 
120, • , " tu 39 . 3 23 . l U;:47:19 H 2 f).8 4 . 7 I. 00 () . 12 
121. • , Jllly U; 37 . 6 27 . 2 07:07:10 H. 8 f) . I 3 . 5 1 . 40 0 . 07 
122. 1!}56, Jllty 9 3H . 7 2i5 . 8 03:11:40 7 . 5 O 8 4 . 5 I. 93 O. OK 
123. • , • 30 35 . 0 26 . 0 09:14:57 0 . 0 , O 4 . 7 1.18 0.44 
124. 1\157, li'eb. IO 36 . 2 21. 6 07:43:i59 5 . 9 4 5 3 . 7 0 . 84 0 . 18 
12i5, • , )o[ar, 8 3!} . 3 22 . 6 12:21:13 H. 8 H O 4 . 4 l. 62 0 . 29 
126. • , Apr. 25 36 . 5 28 . 6 02:25:42 7 . 2 O. I 4 . I I. 30 -0 . 32 
127. • Oet. 30 35 . 2 27 . 2 01 :42:5H 5 . G , 4 4 . 9 0 . 95 0 . 51 
128. 1958, Jan. 2 36 . 2 22 . 3 02:08:14 5 . 7 4 7 4 . I l. 08 0 . 57 
12H. " , • IO 39 . 5 25 . 5 04:18:15 5 . 6 4 7 4 . 2 l. 08 0 . 64 
130. " , )o[ar. 15 40 . 8 21. I OH:27:07 5 4 (3 H) 3 . 3 -0 . 15 -0 . 44 
131. " , Apr. 3 41.1 Hl . O 02:23:42 5 . (; 5, I 4 . 6 I. 00 0 . 5(; 
132. " Jla y 9 3(; . 4 27 . 7 02:40:45 f) . 3 4.2 3 . 9 0.48 0 . 26 
133. " , Jllly 17 40 . (; 23.4 05:37:06 5 . 6 4.4 3 . 8 0 . 78 0 . 34 
134. • , Aug. 27 37 . 4 20 . 7 15:16:34 G. 4 5.4 4 . I 1.04 0 . 01 
135. • , Serto 4 36 . 6 26 . 7 00:02:i56 5 . 4 4.9 4 5 0 . 48 0 . 19 
136. I Him, Apr. 25 37 . O 28 . 5 00:26:3H (i. 2 5.4 4 3 0 . 60 -0 . 28 
137. • , Jlay 14 35 . l 24 . H 06:36:56 G. 3 5.5 4 . 3 0 . 78 -0 . 18 
138. " , Sept. I 40 . 9 19 . 8 11:37:40 G. 4 5.7 4 . 4 1.10 0 . 07 
130. • , Nov. 15 37 . 8 20 . 5 17:08:43 6 . 8 5.7 4 . I 1.11 - 0 . 22 
140. • , , 1\1 38 . 9 26 . 6 14:00:28 5 . 3 4.1 3 . 7 0 . 00 - 0 . 22 
141. 1 HHO, Fe1J. I 35 . 3 23 , 0 11:59:39 f) . 3 (3.6) 3 . 3 -0 . 40 -0 . (;2 
142. • , • 23 30 . 0 20 H 07:34:31 f) . 4 5.2 4 . 8 0 . 00 - 0 . 29 
143. • , }Iar. 12 41. 8 20 9 Il :54:00 5 . 6 4.5 3 . H 0.48 0 . 04 
144 . • , ]\[ay 20 40 . 5 20 . 6 Oi5:10:11 6 . i5 4.9 3 . i5 0.48 - 0 . 63 
145. • , July 13 40 . 6 23 . 4 13:01:01 5 . 3 (3.9) 3 . 6 -0 . 10 - 0 . 32 
146. • , Nov. 5 30 . 1 20 . 6 20:20:48 5 . 7 5.6 4 . 9 I. Il 0 . 60 
147. 1961 , l'eb. 23 3H . 7 27 . l 21:46:36 5 . ' 5.3 4 . 8 0 . 9f) 0 . 58 
148. • , July 19 37 . 7 20 . I 23:00:56 5 . 3 4.4 4 . I 0 . 60 0 . 38 
149. • , Oet . 2 36 . 6 21. 9 07:21:39 5 . 7 4.2 3 . 6 0 . 00 - O. i51 
150. 1962, J a n. tu 38 . 5 22 . l 1!}:38:04 5 . 3 '.2 4 . 9 1.00 0 . 78 
151. • , • 20 35 . 1 22 . 8 08:17:40 0 . 3 (3.7) 2 . i5 -0 . 30

1

- 1.26 
li52. • , Mal'. IR 40 . 6 1!} . 5 15:30:33 6 . 0 4.7 3 . 8 0 . 90 0 . 16 

, 
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Talde l (>{)utiuned 

~(). /late I 
T' !." 

" .lI" Il, .111* lug-N B' '" " N R 

I 
I-

I ii:!. I !)(i 2. ,\pr. lO I 37 ]; 20 . l 21 :37: 13 ]; 3 5.0 4.4 l . 1)5 O. (Hl 
I ,i4. • . 2< 30 . I 27 O Il: I H:53 ii S 5. Ii 4 . !! O 30 -0 . 29 
155. · . . Inl~· ]; 3S O 20 . 2 09:ln: 15 H. l 4.li 3 . H l . 38 0 . 57 
IMi. • SeJlI. "' Hf> " 27 . 5 0!):HIi:2H , 3 4.0 3 . 7 O 00 O. 21 
1M. 1 !)(i 3, .\[ar. 4 35 2 2ii . 3 lii:IO:HI ii 3 4. ii 4 . 2 0 . 48 O. 21i 
158. • .Inl)' 21; 42 . l 21. 5 04:17: Il H. O 4.4 3 . 5 0 . 48 . . ·0 . 21; 
15!1. • , Sep(., 18 40 S 2U . I [!):58:00 H. 3 ii.O 3 . H O !lO · 0 01; 
]()O. · , Der. '" 37 . 3 20 . 0 13:47 :50 5 . U (3.5) 2 . 7 O ii2 -l . ]H 
I n [ . 1 !)(i .1-, "'eh. " 3!J . 3 23 . 7 22:41:07 . " 4.U 4.4 O HO O. " ;:I • • , 

In2. • Apr. '" 3!J . [ 23 . H I 04:21 :07 ii . 8 5.2 4 . 5 O 7S O. IO 
J(i3 • Au~. 25 35 . 1; 2!J . O Il :11 :4!! ii . H 5.0 '-8 I. 08 O 4!J 
1 IH. • , Od .. O 40 . 3 28 . 2 14:31:1 !J 7 . 0 4. ii 2 . 7 0 . 48 -l . 00 
](Li. 1% 5, .\[ar. U 3!! . 3 23 . 8 17:;)7 :53 6 . 2 li.7 4 . ]; 1 . 4[ O. ii3 
J(jIj. • , Apr. " 37.4 21 . !! 03:12:50 6 . [ 4.0 3 . I 0 . 30 O. H 
In7. • An~. 23 40 . 2 20 . 2 14:0H:ii7 5.4 4.4 4 O 0 . 30 Il. O I 
In8. I !)(W, .fall. 2 37 . 6 23 . 4 23: 12: I i 5 . 0 2.7 ' --- , -·1 . 30 ·-· 1 . 30 
](i!J. 20 3U . O 24 . 4 00:3!J:OO ii . O 4.0 4 . 0 0 . 00 0 . 00 
170. I·'eh. " 3!l.1 21 . n 02:01 :43 H. 2 ii 2 4 . l 2 . 02 1 . 14 
I il. .\[ay 7 37 . 7 2U I 13:0H: 15 5 . 3 3 4 3 . I 0 . 70 0 . 92 
172. , 34 . 5 2H . O OO:42:ii5 '-" 5 O 4 . 3 l . iiii O. 9H 
173. 24 37.4 22 . 1 09:30:28 5 . I 4 7 4 . 0 0 . 70 O. 03 
174. 25 40 . 2 IU . 7 09:06:1i7 5 . 0 4 S 4 . H 0 . 70 0 . 70 
17ii. .Iuue lU 38 . 7 27 . 3 17:55:2H 5 . 1 4 3 4 . 2 0 . 00 -0 . 07 
[70. .Inly 12 31i . ii 22 . 2 02:5H:21 5 . 2 4 2 3 . 0 0 . 00 l). 22 
177. An~. Ili 39 . H IO . !! 03:53:38 5 . 1 3 O 3 . 8 0 . 00 ·-O . ()7 
17H. 21 40 . 3 27 . H 01 :30:43 5 . 5 3 5 3 . 0 0 . 22 ··-0 . ii!J 
[7!l. Sept. I 37 . 4 22 . 1 14:22::i4 ii . !! 4 O 3 . 3 0 . 00 - -·0 . 1)6 
IHO. I)et. 2U 3H . H 21.0 02:3U:2Ii ii . !! 4. l 3 . 3 Il. 70 O. IH 
[81. ~ov. l!l 34 .9 23 . 7 07:12:3!J ii . 3 3. l 2 . H ·_·0 . 52 l). 74 
[82. I !J!i7, .1 ali. 4 3H . 3 22 . 0 05:iiH:50 5.4 4. I 3 . 7 0 . 30 Il. 01 
IH3. I·'eh. O 40 . O 20 . 3 14:0H:I!! 5 . 7 4 5 3 . U O. 7H 0 . 27 
IH4. ~ral'. 4 3U . I 24 . H l7:58:0Ii li. 8 5 5 3 . 8 1 . 30 ·0 . 03 
181i. ~ra:v l 3U . 5 21.2 07 :O!l :02 li. 3 5.4 4 . 2 I . HO O. li4 
18n. ,IIlJy " 30 . 7 21 . 5 OO:ii3:1 5 ii . O 4.H 4 . 6 0 . 85 l). H:i 
IH7. An~. 4 41. 5 1!l . 2 14:ii4:53 ii . O (3. O) 3 . 0 -1 . 00 1 . I)() 
IHH. Sept,. " 35 . 1 23 . 2 04:iiU:20 5 . 0 4.3 4 . 3 0 . 30 0 . 30 
IH!!. S 40 . !! 20 . 2 02:04:4Ii 5 . 1 4.U 4.S 0 . 30 l). 23 
I !)(). Orto " 37 . 7 20 . 7 l2:00:4!l ii . 2 2.4 2 . 2 .. _.[ . 30 l.H 
lUI. No\'. 30 41.4 20 . ii 07:23:49 li. 4 li. ii 4 . 2 I . UO O. 87 
102. 1% 8, J·'eh. lO 3!J . 3 25 . 0 22:45:44 7 . l .'l.ti 3 . 7 I . HG 0.40 
IU3. .\[ar. lO 3H . 0 24 . 2 07:10:57 ii . H 4.H 4 . 1 0 . 85 O. 21i 
1!l4. 2H 3H . 1 2O . S 07:40: 02 5 , 0 4.2 3 . 4 O. UO 0 . 24 
r !Jii . 3U . 5 20 . 4 l H:37 :45 5 . 2 4.5 4 . 3 O. 4H 0 . 34 
1%. ~ray '" 35.4 2H . O 17:40:25 6 . 0 5.7 4 . 8 1 . 7ii 1 . 01 
IU7. ,J\lly 4 37 . 7 23 . 2 21:47:50 ii . 5 4.4 3 . 0 0 . 84 0 . 47 
19S. H 34.4 2;) . 2 17 :41 :06 li . 2 4.9 4 . 7 1 . 00 O. HH 
UHI. • 25 40 . 0 20 . 2 22:05:28 5 . 1 (3.3) 3 . 2 0 . 70 -·0 . 77 
200. A \lp;. 15 35 . 6 27 . O 02:2!l:4tl 5 . 2 4.U 4 . 7 O. 4H 0 . 34 
20 l . • :'\ept. 28 40 . 4 21; . 7 OO:li3:2Ii ii . 1 (3.2) 3 . l -O , HO ·0 . 87 
202. • Od. 2H 31:!. 9 25 . !J 12:54:20 5 . 2 5.0 4.S 0 . 30 0 . 1Iì 
203. Nu\'. 3 42 . 0 IU . 3 04:4U:33 5.3 4.3 4 . 0 0 . 30 0 . 08 
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Tahlo T ('OlltiIlIlO(l 

XO. l late T" i.o ,,, .lf o .lI, .lI,· lugN a* X E "" 
, 

~ - . -

20-1-. I !)(l.,\. Nov. 3 3S.1l 2n . Il IH:-1-0:00 i; . I -1- . 2 ,. I 0 . 00 . . -0 . 07 
20:; . • ])01'. 5 3H , H 27 . Il 07 :52:o!l H. I ,; . + ,. , 1. 20 Il . ::l!) 
20li. I j)() H, .T an. '" I ::W.2 2!J . I 2::1: 12:0!J H. 3 + . 3 3 . " 0 . 30 -O . (ili 
207. , 'I;].]'. " -1-0,1 ,,- , OO:;;H: I I il. , 5 . ] ,. , 0 . 70 Il . " -" . 
20H. • , 2S 3S.li 2H ., 01 :4H:2H (l. " 5 . " ,. ] 1 . -1-0 Il 22 
20H. " ApI". , +0.7 20 . 0 22:12:24 ,; . !I , . H , I I . OH 0 . -1-2 
210. , • I; ::lH.5 2H . 5 o::I:-1-!l:::I::I ,; . !I ,. 2 , , O . liO Il . OH 
211. , , 21 ::lH.-I 2;; . 2 20:::lH:-1-5 5 . Il 3 . 8 :1. Il ·0 . 20 Il . 20 
212. , 'ifl~' I 3,;,3 27 . H I H:1I2: Hi 5 . " il. 3 4.1l 1. -1-H I . 04 
21 ::1. • ,fUlltl 12 34.5 2;; . O I,;: 13:33 li . I ii . 5 -1-.5 1. -10 Il . 5n 
21-1- . • , .T ul.\" , 37. H 20 . 3 OH:!)!): 15 li . Il U 3. !J O. iS Il . "' 21 i;. • , AUI{. 2H -1-1. H IH . H 02: 15:::12 'i . 2 (3 . 2) 3.0 -0 . 80 O. H-1-
2 IO. • , (kl. 12 ::I!J. H 20 . 7 01 :02:::12 li . O 4 . 7 3.1l 1. 18 0 . 84 

H.ELATIO!\ BE'l'WEE!\ 'l'IlE i\"U.\TBER OI-' AV['F,R~HOl'I,,'\ A",)) TlU; )L\Ui\"lTl' 1)]<: 

010' THl~ .\tAl'" ~HOCK, 

Thc numlwr of tllll aft>tm;hoeks, which follow [li! (\m'thquake, de­
pends not onl,\' on thc llhy,~i('al conditiou of the matte!' iu the a fter­
shock l'l'gion but also on the lllagnitude o[ thc main slwek. 'rhcrefore, 
iu orde!' t.o use the lllllllhel' of aftershoeks to investig-ate (lillcl'cnecfl in 
thc llhyflical ('ollditious of several re.giolls, it i~ 1l(1{'eSsfll'~' to use aftel'­
l''hock flequenecfl which [ollow rnaiu efu·tlH]!!akcfl with the same magni­
tllde. Howevel', it iH fliflicult to obtain man,V data to apply this lllcthod 
cven in ver)' a·dive reg-ions. For this l'eawn we must fil'st cstabliflh 
;1, l'elation between the ullmhm' of the aftershocks aud t.he magnitude 
of t,he lllain slw('k. 

The logarithm o[ thc numbel' o[ aftel'Hlwekfl with lllagnitlHle 4.0 

01' lal'gel' is 1l10ttA:,d in Figure l as a function of the magnitude o[ the 
main slwe k. 'l'he data of tlw ('olumns (6) and (9) of the Table I 

have been use(1 fol' thiH plot. Thc data are fittcd, iu thc lea.~t flq ual'e 
senfle, by a stmight line whieh has the cquation: 

10g.N = (-3.70 ± 0.38) ,- (0,74 ± O.OH) JI" [11 

The eOI'l'elation eoefficient is equal to 0.62. 
The mcall vailles of the logfll'ithrns of the UlUli hm' of aftel'shocks 

with M ~ 4.0, whieh belong to main flhoeh with magllitwlefl jl[~ ± 0.2, 
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are plot.terl versus Jll" in Figure 2. 'l'his Figure indicates that, in a 
first approximation, the logarithm or thc number of aftershocks with 
magnitude larger tllan a eertain value is a linear fll11ction of the magni­
tude or the main eart.hquake. Un the ot·hel' hand, the large scattering 
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Fig. I. - Variation of the logarithm of the number of aftershocb 
(..li ;;o. 4.0), with the rnagniturle of the main shock. 

of Figure l showf\ that thc afIcct or the physical conrlitiollS in thc 
focus, sl1ch as the homogeneity or thc matcrial, strcss distribution etc., 
is consirlcrable. 
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lo. N .. .. 

.. 
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'" !.1 , .< j.0 U 0.0 01 0< 00 0 1 'O 11 .. '. " 1 .0 

l·'ig. 2. - Variation of the mean value of the logarithms of the number 
of after!\llOck!\ (1lI ~ 4.0), which helong to main SllOCks of 1lI~ ± 0.2, with 

the magnitude of the main shock. 
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APTERSJlOCK AGTIVITY. 

The equntioll rlJ alHl the .Iab. ol thc columllS (6) and (9) of the 
'l'ahle I have been usell t.o determine the logal'i t hm of the num bcr of 
aftershocks with magnitlld e cqual to or largel' than 4.0, ""bich COI" 
re..<;ponds to (I. main shock ""ith magnitllde f).0 in each casc. These 
values, mcasnreS of aftershock activity, are denoted by 0* and lire 
listed in thc 13.<;t eolllmn of thc Table L 

Fig. 3. - Geographical di ... trihution of the aftert<lwck activity in tlle area 
of Grool'e. 
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The valnes of the (/* have lwen plott,ecl on the epicentr(lf! of the 
e01'l'es]Jondin/o{ eart,hquake,~, 'l'hesc valnes have lwen used to make 
t,lw map of Fi/.('\11'c 3, l.'ive clilrcrent symhols haye been used to re­
IJl'C'sent live ranges of aftershoek adiyity. The seismie area, i~ clivicled 
in ~ev('rHI zones, 'l'he measures of the aftcrHhock actiYity in eaeh zone 
haye vailles clifltributed a,1'0\11I(! a mean yahlC, This mean yall1e is 
wl'it,ten in ca,ch zone. In some l'cgions the dat,a are not ,~llfficienL 01' 
('onHi.~tent, fn these cHse,~, the epieentcl'~ of t,he earthql1akes are indic­
atcd by circles auc! by the symbols of t,he eorresponding yahte of the 

aftershock a.etivit,y, 
Tf we Pl1t jtlo = 5 in the e{jlmtion [11, we find log N = O. This 

i,~ thc normal yahle of t,he aftershock actiyity. This meaUH t,lm,t, t,!w 

values of t,Ile aft,ershoek activity, whieh a,1'e larg{'l' (]l' smaller than 
the norma I valne of the aftcrshock ad-ivit,y, are ]Josit,iY(l 01' negative, 
respect,iyely. Thifl is thc reason why we ha,ve chOflen the magnitude 
5.0 of the main shock in order to clefine the afterflhock actiyity. 

HBI,A'l'lON HETWEEl'i THE è\IAGi\I'l'UDE OI<' THB LAllGERT AF'I'EItRHOCK 

A:t\D THE 'L\G:"i"I'l'HDE OF 'l'IlB :.lAl:-< RIIOe!\. 

1'0 me the magnitnde of the largest aftershock for the inyeHti­
gat,ion of differences in the phyl-lical eondWons of the aft,ershoek regions, 

a reIa.tion between t,he magnit,llde or thc largest aftel'~hock aml the 
rnagnit,nde of the main shock must be first establishecL. 

fn ]Jrevioll,~ wor1.s such relat,ions for ea.rthql1akm\ in thc regiOlI 
of Gl'eccc haye becn fonnd. Bnt t,lwse relations ha,vc been b ased 
cither on aft,el'Shock seql1enees of only lal'ge ma,in shoeks 01' on selectiye 
aftershock se{jl1ences, mOHt of which ha,ve reIa.t,iyely large nnmber of 
eart,l\{juakefl (2. ' l. 

The magnitudes MI of t,he largest aftershockfl or alI the 216 aft,er­
shock sequenees, as li~tecl in 'l'able f, are ]JJottcd vcrsus the magnitnde 
of the ma,in shock in l"igurc .1. A correJation cocflieient e{jlml to O.H'! 
has becn determincd, The data are fitted, in t,he least, S{jllare sense, by 
a straight Une which has t,he eqnat,ion: 

MI = (- 0.59 ± 0.45) + (0.91 ± 0.07) .ilEo. [2] 

Thi~ relation indicat,es tlmt t,he difference between the magnitncle 
of the largest, after,~hock and thc magnitudc or the main shock is almost 
indepcnc!ent or the ma.gnitucle of the main shock. Thns, for a main 
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shock with magnitude ,s.O, thc magnit,lulc of thc largcst aft.crflhoC'k is 
0.7, while far a, nmin shock with magnitude 5.0, the magnitudc oi thc 
largest aftershock is ·LO. Thc difIerencc is 1.3 in the fil'st case and LO 

in the Se(~Oll(L. 'l'hese difrerences are almost equal to that ]Jrpdicted 
by Bath's law, according t,o which dit-Terence of 1.2 for large cart,hqua­
kcs is CXpc(·,tcd. 'Ve can, therefor{', ('ondude tha.t Bath's law is va.Jid 
in thc arca of Ul'eecc in thc casc of small carthqUi1kes, too. Sincc thc 
quantity Mo - ;lfl is almost independcnt of Mo, this quant,ity can also 
be used as a measli re of the aftel'shock riHk. 
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Fi!-\,. 4. - Yariat.ioll oi the magllit.ude oi the lal'ge~t aftel'shor,k with the 
llJa.gnitllde of the maill shock. 

Thc mcan valllc Jll ai thc magnitudc oi aH the Ja.rgcst a.ftershocks, 
whieh corrcspond to magnitudcs Jlu ± 0.2 ai the main shocks, have 
bcen calculated. These mean values arc plottcd versus the magnitlldes 
Mu in Figure 5. 'l'his figure shows that thcrc is a clcar st.at.ist.ical 
relation bctwcen t.hc magnitUlle of t.he largest aftershock and thc 
mf\gnitude of the main shock. In a first. approximation this relation 
can be considered linear. ft is obscrved, ho\\'cvcr, t.hat" for magnitudcs 
of thc main shock bet.ween ii.7 ami 7.1, the magnitudc of the largcst 
aftcrshoek remains almost cOllstant and that, far magnitudes oi the 
ma.in shock largt~r than 7.1, a second curve with Iargc sIopc can fit thc 
dab\. ft is probablc that this observation is not. a resllJt. of lack oi 
sufficicnt data uut it has some physica.\ mcaning. 'l'o chcck thifl wc 
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have made the same plot for alI the earthquakes folIowed by aftershocks 
and occurred in the European area, out of the region of Greece, bet­
ween 1910 and 1955. These data have been taken from a tabIe 
published by Karnik (3). It has been observed that, fol' about the 
same range of values of the main shocks (6.7 to 7.1), the magnitude of 
the Iargest aftershocks has tendency not to increase . 
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Fig. 5. - Yaria.iiou of the meau value oi the magnitllde of the largest 
after~hocks, which belong to maiu shocks of ,1[0 ± 0.2, with the magnitllde 

of the main shock. 

It is interesting to note that the recurrence curve of the shallow 
earthquakes in the area of Greece is consisted of two straight lines 
which intersect each other at a· point corresponding to magnitude 6.7. 
The same phaenomenon has been observed in the recurrence curve of 
the intermediate earthquakes (1). Ali these observations indicate that 
the value 6.7 is a criticaI one. This value is probably related to the 
linear dimension of the unit block of this area. 

AFTER.."IHOCK RISK. 

The equation [2J and the data of the coIumns (6) and (7) of the 
TabIe I have been used to determine the maximum aftershock MI"', 
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which correspowls to a main shock with magnitude 15.0 in mwh case. 
The values lIIl· are measures or the aftersliOck risk anù are listed in 
column (8) of Table I. These da·ta· iLave been usoo to make the map 

Fig. O. - Goographicnl distribution of the aft8rshock risk in the area of Groor.8. 

or Figure G. .F'OUT cli lferent symbols ha-ve beeu usoo to represent the 
correspondiug ra.nges of the aft-ershock l'isk. The seismic area· i8 
divided in severaI zones. 'ne number written in each zone is the mean 
value of the aftershock risk or this zone. In thfol regions where there 
are not sufflcient epicenters or the data are not consietent, the epi('.foln· 
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ters a,l'e indi('atcd by cil'cles and by the Hymbol of the eOl'1'esponding 
yalue of the aitershoek risk, 

If wc put Mo = i),O in equation [:Il, we fi]]([ M l ;",lo 'l'his is the 
normal va,lue of the a.ftershock l'isk, 

I)J:,;CUSSIO:", 

Figure :3 and Fip;ure 6 indicat.e that. the distl'ibutions oi the 
after"hock activity and the aften;ll()('k risk are generally simila,l', There 
arc, however, many regiollH where the distribution patterns oi the two 
quantities a,re not the same. 'l'hc zone" oI aItershoek aetivity are, in 
geneml, parallel to the m;~in tremI oi the morphology of the fu'ea. In 
the western pa,l't oi the area, the zoneH, a,s l, rule, have a dirw~tion 

XNW-SSE, t1mt is they ltl'e parallel to the Alpine folding, In thc 
eastern part the 7.Ones llave, approximat.cly, an ea.~t to wcst direction, 
It is Yery interesting to note that the zoncs oI the altershock activity 
in l1ol'thwestern Turkcy are para.]Jel to the well known Anat.olian fault, 
Zones oI Ycry low aftel'shock activity or risk are sm'ceded by zone" of 
normal altershock activity or risk. 

The exact physical expbnation of the distribution of the after­
shock aetivity am[ aftershock risk is not casy, Thi" is mainly due to 
the bek of suffieient thcoretieal and la.bomtory inrorma,tion, Aecor(ling 
t.o 1tIogi (19fl7) the zones or difIerent artershock activit.y represent 
7.Ones or dilterent. structUl'e sta te, Zones with Iftrge aftcrshoek adi­
Yity are not mueh fmctured. Accordillg to thi,~ opinion thc 7.Ones of 
Figure 3 indicate regions of highcl', normal or lower homogeneity, 
I,aboratory expcriment.~ "ho\\' t.hat the aftershock activit.y (Iepends on 
the distribution or stress, too (}fogi, 1962, Scholz, 19(8). 

I t is understood that the bounderies of the zonc" oi Fip;ure 3 
and fl are snbjeets of 1'evi"ion, 1'he collcetion or many data, con­
cerning scquenccs oi smallel' main eal'thquakcs, by the new network 
of station in the area, will help t.o make more a.cCUl'a,te ma.ps of afte1" 
shock aetivity am[ aftel'shock 1'Ìsk, 

SUMMARY AND CONCLUSlONK 

'l'he geogra,phieal distribution of the aft.ershock activity imd after­
shock risk in the area of am[ near Greece has been investigate(!. 1'he 
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aftershock aetivity and aftershoek risk are measures of the number 
and the energy of the aftershocks which follow an earthquake of a cer­
tain magnitllde, respectively. 

In the present paper the logarithm of the number of aftershocks 
with 21f ;?: 4.0, which follow a main shock of magnitude 5.0, is defìned 
as a measure of the aftershock aetivity. The magnitude of the largest 
aftershock, which follow a main shock of magnitude 5.0, is defined as 
a measure of the aftel'shock risk. The symbol a* is Ilsed for the mea­
sme of the aftel'shoek activity and the l1I*l for the mea.sure of the 
aftershoek risk. 

A llumber of 216 aftershock sequenees have been used to find the 
statistica] relation logN = -3.70+0.74 ~1fo between the llllmber N of 
aftershoeks of jlf ~ 4.0 and the magnitude _ilIo of the main shock. 
The relation jlfl = -0.59 + o. 91 ~1fo has been found between the magni­
tllde -lIl of the largest aftershock and the magnitude of the main 
shock. 'l'h e qllantities a.* amI ~1f*1 have been determined, for alI 
aftershock sequences, on the basis of these relations and the obser­
vations. 

The distributions of the aftershock activity and aftershock risk 
are shown in Figure 3 and 6, respectively. The two patterns of 
distribution are mostly similar and follow the pattern of other geolo­
gical and geophysical features. These maps are Ilseflll because they 
show the distribution or several physical properties, sueh as the homo­
geneity of the material, the distriblltion of stress and they can be used 
to estimate the number nnd ma,gnitude oi the aftershoeks whieh follow 
a principal earthqllake. 
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