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BuMMaARY. - - The geographical distribution of the aftershock activity
and aftershiock risk in the region of and near Greece is invesligaled on the hasis
of ohservalions on 216 aftershiock sequences. The aftershock activity is a
meansure of lhe nnmber of aftershocks and the aftershock visk is a measure of
the energy of aftershocks which follow a main shock with a certain magnitude.

The statistical relation log N -— — 3.70-0.74 If, has heen found hetween the
number § of afterslioeks of M = 4.0 and the magniinde M, of the main
shock. The relation M, = - 0.50--0.91 M, has been found hetween the

magnituede of the largest aftershock of a sequence and the magnitwde of the
main shoek.  On the basis of these relations and Lhe observations, Lwo maps,
whichh show the govgraphieal disiributien of the aflershock aetivily and
aftershock risk in the area of and near Greece, have heen construclted. The
weneral patlerns of these maps are similar hut several lifferences are oh=erved.
The zones of squal affershock activity and aftershock risk follow the general
tectonic pattern of the region. Suech maps are very usefull. as they describe
ibe geographical distribulion of several physical properties (homogeneity of
material, stress distribution ete.) and can bo nsed to estimate the munher and
magnitide of the aftershocks which follow a main shoek.

Risassunto. — In buse ad osservazioni su 216 sequonze di terremoti, &
stata studiata la distribuzione geografica delle vepliche & del consesuente
rischio nell'interno e nelle vieinanze (della Greeia, IL’attivitd delle vepliche di
una scossa & rappresentata dal numero delle vepliche, mentre il vicelio &
Penergia liberata dalle repliclie che segnone la scossa principale con una
corta magnitudo. Fra il numero N di vepliche con magnitudo M = 4.0 e la
magnitudo M, della scossa prineipale ¢ stata trovata la relazione statistic a
log N — — 3.70 + 0.74 A,, moentre la relazione trovata fra la magnitude
dellu replica pit forle di nna sequenza e la magniludo della seossa principale
& stata My — - 0,589 4 0.91 I, Bervendosi di queste relazioni e delle ossor-
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vazioui, #ono state costruite due mappe che mostrano la distribuzione geo-
grafica dell’altivitd delle repliche e il rvischin nell’interno e nelle vicinanze
della Greecia. Iu generale i modelli di queste mappe sono simili, anche se esi-
slono aleune differenze. T.e zone di ngnale aitiviti e rischio di replica
seguono il modello tetlonico generale della reginne. Tali mappe souo molto
utili poiché mettono in evidenza la distribuzione geografiea di diverse pro-
prieid fisiche (omogenocita del materiale, distribnzioue delle forze etec.) e
possonn essere usate per valutare il numero o la magnitndo delle repliche
che seruono la scossa principale.

INTRODUCTION.

Many papers on aftershock sequences have been published in the
lagt (ifteen years. Most of these papers deul with the time, the space
and the magnitude distribution of the aftershocls. Some authors
have investigated the dependence of the magnitude (1) of the largest
aftershock on the magnitude (M.) of the main shock (2 ¢ ?) or fhe
regional variation of the dilference between the magnitude of the
largest aftershock and the magnitude of fhe main shock (3).

The term * aftershock activity ' hag been frequently used, but
it is not easy to be accurately defined. Utsu (*), for example, con-
siders the difference between the magnitude of the largest aftershock
and the magnitude of the main shock as a measure of the aftershock
activity. This diflerence in magnitude is actually a measure of the
ratio of the total energy of an aftershoeck sequence to the energy of
the main shock, becanse a linear relation has been found between the
logarithm of the total energy of an aftershock sequence and the magni-
tude of the larpest aftershock of the sequence (3).

Ilowever, if we wish the term ‘affershock activity”’ not to mean
the ratio of the aftershock energy to the energy of the main shock,
but the total number of aftershocks which follow a main shock with
& certain magnitude, then the difference Mo— M ig not always suflicient
to indicate it. This is due to the fact that the parameter d of the
recurrence curves is not the same in all aftershock sequences and, in
gome cases, the dilferenee in its value between two affershock
sequences is large. For example, the difference Mo~ M for the
esrthquake occurred in Anatolia and listed in Table T with number 6
ig 1.0, while thigz difference for the earthquake oceurred in the Ionian
Islands and listed with number 114 is 0.9. On the basis of thiz obser-
vation one could conclude that the two earthquakes were followed
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by the same number of aftershocks about with magnitude larger than
a certain value. Tlowever, the Anatolian earthquake was followed
by only four earthquakes with magnitude equal to or larger than 5.0,
while the Ionian earthquake was followed by thirty five aftershocls
with magnitude equal to or larger than 5.0.

In this paper by the term ‘““aftershock activity’’ it is meant a quan-
tity which informs us about the large or small number of aftershocks
which follow an earthquake with a certain magnitude. The logarithm
of the number of aftershoeks {a*) with magnitude equal to or larger
than 4.0, which follow a main shoek with magnitude 5.0, is used as a
measure of this quantity. By the term * aftershock risk *' it is meant a.
quantity which informs us about the amount of seismic energy released
by the aftershocks which follow a main shoek with a certain magnitude,
The magnitude of the largest aftershock (3M,*) of o main shock of
magnitude 5.0 is used as a measure of the ‘ aftershock rigk ™.

The purpose of thiz paper is to investigate the geographical varia-
tion of the aftershock activity and the aftershock risk in the area of
and near Greece.

TIIE DATA.

Several papers have been previously published on the aftershock
sequences in the region of Greece. Papazachos et al. (®) have in-
vestigated the aftershock sequences of the large earthquakes (M == 6.0)
which occurred between 1926 and 1964. Comninakis et al. (1)
have investigated the aftershock and foreshock sequences of the earth-
quake which oceurred on February 5, 1966, near Cremasta and the
relation of these sequences to the Cremasta artificial lake. Drakopou-
los (?) has investigated the aftershock sequences of six large earth-
quakes which oceurred between 1912 and 1922, the aftershock sequences
of the large earthquakes which occurred between 1964 and 1967 and
the aftershoek sequences of some smaller main earthguakes. The
total number of the aftershock sequences, investigated by these authors,
is about 140,

The published data do not constitute representative sample for
the investigation of the geographical distribution of the aftershock
activity. This is due to the faet that the aftershock sequences of the
large earthquakes (M = 6) are not enough, and the data for the smaller
main shoeks are not homogeneous because in this range of magnitudes
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only sequences which include relatively large number of aftershocks
have heen considered.

An attempt has been made Lo colleel as many homogeneous data
as possible with the purpose Lo investigate the geographical distri-
bution of the aftershoek aeclivily and aftershock risk in the aren of
(ireece.

From 1911 till 1957 only low magnification instruments (Mainka
or Wiechert seismograplis) were working in Athens. From 1958 till
1965 instruments of high magnification were working, too, in Athens.
In 1965 four stations with instruments of high magnification were
established in fonr islands in the area of Greece, and later (1968) two
other similar stations were put up in northern Greeee. These stages
in the installation of new instruments in the area have heen taken
into account to choose the lower limit of the magnitndes of the main
shocks,

A Table has been made which contains the magnitudes and other
information on the aftershocks:

¢t} of all the shallow main earthgnakes with M, > 5.5, oceurred
between 1911 and 1957 in the arvea of and near Greece

#) of all the shallow main earthquakes with M > 5.2, oceurred
hetween 1958 and 1965 in the same area and

) of all the shallow main earthquakes with A7 > 5.0, ocenrred
belween 1966 awd 1969 in the above area. This area is bounded by
the 317 N and 42¢ N parallels and by the 19° E and 29° E meridians.
The Table also includes all the main earthguales whiech have not
recorded aftershock. In these cases, the upper limits of the magni-
tudes of the largest aftershocks have been caleulated from the noise
level and the epicentral distancees. In each of these cases, the magnitude
of the largesi aftershock has been assumed equal to the ecaleulated
value minns 0.2. Such assumption may not he correcl in all cages
but the results of the present sindy arve notl affected by such diserepan-
ees. On the other hand, the knowledge of the upper limit of the
magnitude of the largest aftershock is very usefull.

The aftershock sequences of 216 main earthguakes are listed in
this table. For Lhis reason it is not possible Lo inelude this table in
the present paper bul it will be published soon. Information on the
main shocks and their aftershock sequences are listed in Table I.
When the magnitude of the largest aftershock is ussumed, this
magnitmde is pul in parenthesis in Table T.
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Table 1. — [NFORMATIUN ON THE MAIN SHUCKS AND THEIR AFTERSHUCK
SEQUENCES,

No. Dale r';: i' L m s M, Auy A logN o*
|. 19101, Yeb, 18 | 41 208/, 21:35:12 &.6 5.3 3.8 .20 n.n2
2. wo, et 22 i 39/, | 23 22:31:45 4.1 a.1 4.0 0. 00 0, Ty
3. 1912, Jan, 24 3%.1 | 20.8 | 16:22:51 7.4 5.9 4.1 .80 N.32
4. » o, Fel. 13 | 41 2(]"?I 08:003:563 G.¢ 5.3 4.4 1,30 0. 36
5. w o, May 17 | 34%,|23%, | 16:38:08 5.9 4.0 4.1 0.70 0.4
G. wo, o Aug, 9 4(]1,2 27 01:29:00 7.6 6.6 4.2 .60 —@0.32
7. 1913, July 6 | 35.923.2 07:05:47 5.8 5, 1 4.4 0.95 0.36
5. 1914, Sept. 17 '3739' 21 13:00:48 5.6 4.5 Ei 0,78 0,34
9. » o, Oet. 17 3%" 231/, 06:22:32 6.0 | 5.6 4.7 1.58  0.84
14y, » o, Nov. 27 388 f ‘JU” 14:3%:46 6.3 3.1 3.4 1.08 0.12
1. 1915, Jan. 27 38, ’) 20. li (H:09:56 6.6 5.6 4.1 1. 30 0.12
12, o, Jun, 4 39 21t 1 17:22:02 5.8 [ (3.7) 3.0 —0.30 —0.89%
13. wo, Jun. 24 343, 247/, 053:20:36 A% 5.2 | 4.4 1. (0} 0,34
14. »o, Awr. 7 ‘38‘5 2.6 15:04;03 6.7 6.5 1.4 2,00 .50
15. 1916, IFeh. & 39 231, 14:39:40 5.8 4.7 4.0 0. 70 0.11
16G. w o, mepl. 27 383, | 23 15:02:13 5.0 4.5 3.7 .30 —0.36
17. » . Nov, 25 |(38) {(19) | 02:02:48] 5.7 | 5.2 | 4.6 | 0.95 | 044
18. 1917, May 23 39.3 21,0/ 05:46;37 6.1 1.5 3.5 0.48 - 0.33
19. >, Augo 2001309, | 26 23:02:06 5.6 |(3.6)] 3.1 |—0.40 —0.84

28), » , Nov. 28 37.5 1971 10:21:10, 5.8 {(3.8)] 3.1 —0.20 —.79

21. o, Dec. 24 38V, 2137, | 09:13:55] G.¢) 5.2 4.3 0.95 0,21

292, 1918, Treh, 9 39 | 23 12:28:42| 5.6 5.0 4.3 1.00 |—0.56

23. 1919, Treh, 24 3G.7 | 21,0 01:56:00 6.3 4.4 3.2 | (.48 — .48

24, v, Ang, 22 40 20) 22:35:47 5.6 4.6 4.1 0. 66 0.16

i wo, et 25 36.7 1 25.6 | 17:10;00 6.1 D.G 4.6 1.32 0.561

20 » , Nov. I8 39.6 | 27.7 | 21:54:38 6.9 4.8 2.4 0.60 |—0.80

27 i, Dee. 22| 40 200, 23:41:08 6.3 4.8 3.6 1.00 0.0

28. 1920, Oet, 21 | 39%/, | 201/,  18:57:48 5.7 5.0 4.4 0.78 n.27

29. W, Nov., 26 | 401/, | 20 08:51:00 6.3 5.7 4.5 L. &1y 1. 64

30, 1921, Mar. 30 d1.8 | 20.4 | 15:006:20 5.8 n.0 4.3 0.%0 .11

31. o, June 24 30.3 | 21.0 0 03:44:38 5.7 (3.8 3.2 |—0.22 —0.74

32. * o, mopt. 13 383/, | 213/,  0B:59:33| (.0 5.4 4.5 0,20 —0.54

33. 1922, Apr. 11 40.5 | 19, 04:35:10) 5.6 | {3.9) 3.4 |—0.10 |--0.54

34, o, JJune 3 35.0 | 22, 04:31:05| 5.0 5.0 4.7 .70 .04

35, v, Aug, 8 371;'._! 231, 1 03:489:086) 5.6 5.1 4.6 N.8h (.41

36. R 13 6.0 28.0 | 00:09:50 6.8 5.9 4.3 1 .50 —0.583

37. » , Nov., 4 37.0 0 20.5 | 04:20:12) 5.9 | {3.6) 2.9 —0D.30 ). 08

38. w o, Dee, 7 313/, | 20,6 | 16:22:10] 6.1 5.3 4.3 1.00 0.19

30, 1023, Jan, 21 3.‘.0 20.5 | 04:13:30| 5.6 4.4 3.0 0.30 —0.14

40, w , Dec. & |40 |23, | 20:56:35 6.2 | 4.8 | 3.7 | 0.85 —0.03

41. 1925, [Feb. 7 37.0 | 19.0 | 12:14:58| 5.6 4.8 4.3 .78 0.34

432, w o, Apr. 5 35.5 20,0 | 03:444:25 5.9 5.6 4.8 | 1.48 .82

43. | 1924, T'eh. 26 37.8 | 21.1 | 16:08:23| 5.7 4.2 3.6 | 0.30 —0.21

44, n , Mar, I8 35.5 | 20.0 | 14:06:06| 6.8 5.8 4.2 1.25 —0.08

45. w o, Sept. 19 36 22 | 01:03:57 6.3 5.3 4.1 4.95 —0.01

40G. » o, Dee. 17 41 .0 [ 19,5 LL:3%:55 6.1 1.8 $.7 {}. 00 0.4
47. 1927, Mar. 24 35.0 | 26.4 ] 14:46:35 5.6 | 5.0 | 4.4 1. 20 0.76
48, » o, Jun, 30 383, 1 21 | 22:54:36) 5.6 4.5 3.9 0.48 (.04
4%, ](178 Mar, 31 38 27 | (0:29:42 6.4 a.1 3.8 | .48 —0.55
50.| » , Apr. 18 |42 | 243 | 10:22:37 6.9 | 5.6 | 3.9 | 1.78 | 0.38
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A1,
52,
53.
5d.
Bh.
56,
57.
h8.
5%.
60 .
61,
62,
63.
6.
65.
66.
G7.
68,
69,
0.
Tl.
72.
73.
T4,
75.
Th.
77.
8.
79.
8{).
81. |
82,
83.
84,
85,
86.
87.
B8,
80,
90.
91.
92.
93.
04 .
95.
96.
07.
08,
G
100.
101,
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35.

23.

27.

274,
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19.3
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271.'!2
20.4
26.2
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23.8
26.0
25.0
251/,
22.5
28

261/,
28.3
22 .4
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06:12:16
13:36:43
(5:57:38
19:09:50
09:35:30
11:37:20
14:41:29
03:21:31
20:37:53
17:45:32
00:23:35
0:36;32
19:04:33
16:07:44
03:52:47
19:51:52
15:39:28
06:15:59
09:17:40
04:47:30
05:42:27
06:14:11
02:22:48
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10:01:52
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.30
.11
.00
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Table T eontinuad

No. Date | C | B |ums| | o | a0t gy | et
s |
102. | 1948, Apr. 22 | 381/, | 201/, | 10:42:45 6.5 | 6.3 | 4.9 0.95 —0.16
103, no, Aug. 27 | 41.7|19.5 [ 10:44:06 5.6 | 5.0 | 4.5 | 0.48 0.04
104, v o Oct. 10 |35.123.4|17:43:01) 5.8 | 4.8 | 4.1  0.05 0.36
105. | 1049, July 23 | 38.6|26.315:03:30 G.6 | 5.0 | 4.4 L.04 —0.14
106. | 1051, Aug. 31 | 35.5|22.% | 12:29:37 5.7 | 5.2 | 4.6 0.70 0.19
107. | 1952, Mar. 19 | 39.8  28.7 | 01:27:23| 5.7 |(3.9)| 3.3 |[—0.10 - 0.6l
108. n o, Oet. & |37.5/20.8|10:54:56 5.8 | 5.3 | 4.6 0.90| 0.31
109, v , Daee. 17 | 34.4 24.5 23:03:57 6.8 5.7 | 4.1 1.14 —0.19
110. | 1953, Jan. 7 |41.520.0 01:18:57 5.7 (3.9)| 3.3 |—0.10 —0.61
L1L. » , Mar. 18 | 40.0|27.3 | 19:06:13 7.2 | 5.7 | 3.7 | 1.49 —0.13
112. n o, May 2 | 38%. 26Y, | 18:37:38 5.6 | 5.0 | 4.4 | 0.84 0.40
113. b, June 3 | 40.1 | 28.8 | 16:05:24 5.7 | 5.0 [ 4.4 0.48 —0.03
114, » , Aug, 12 [38.3|20.8|09:23:52 7.2 | 6.3 | 4.3 2.35 0.73
115. » , Sept. 5 | 38.0/23.0/| 14:18:41| 5.7 3.0 | 3.3 | 0.00 —0.51
116. | 1954, Apr. 30 | 39.3 22.2/(13:02:36 7.0 5.7 | 3.9 L.76 | 0.28
117. b, Aug. 3 | 40.1 24.5|18:18:13 5.9 5.1 | 4.3 L.11  0.45
118. » , Dec. 23 |37.9 21.1|16:27:18 5.8 5.5 [ 4.8 0.70  0.11
119. | 1955, Apr. 13 | 37.3 22.6 | 20:45:46 5.8 | 3.7 | 3.0 —0.30 —0.90
120, w o, » 19 |39.3 23.1| 16:47:19 6.2 | 5.8 [ 4.7 | 1.00 0.12
121. » L, July 16 |37.6 27.2|07:07:10 6.8 | 5.1 | 3.5 | 1.40 0.07
122. | 1056, July 9 |36.7 25.8/|03:11:40 7.5 | 6.8 | 4.5 | 1.93| 0.08
123. » , 30 |35.9 26.0 09:14:57 6.0 | 5.6 ] 4.7 | 1.18 0.44
124, | 1957, Feb, 13 |36.2 21.6 07:43:59 5.9 | 4.5 | 3.7 0.84 0.18
125, » , Mar., 8 |30.3)22.6/12:21:13 6.8 | 6.0 | 4.4 | 1.62| 0.20
126. » , Apr. 25 | 36.5|28.6 02:25:42 7.2 6.1 | 4.1 | 1.30 —0.32
127. » , Oct. 30 |35.2|27.201:42:59 5.6 | 5.4 | 4.9 | 0.95 0.51
128. | 1958, Jan. 2 |36.2|22.3 02:08:14 5.7 4.7 | 4.1 | 1.08 0.57
129, » ., » 16 |39.5|25.5| 04:18:15 5.6 | 4.7 | 4.2 | 1.08 0.64
130. | o, Mar. 15 |40.8|21.1 ! 06:27:07 5.4 |(3.6)| 3.3 |—0.15 —0.44
131. no, Apr. 3 | 41.1)19.9/[02:23:42 5.6 | 5.1 [ 4.6 | 1.00 0.56
132. » , May O |36G.427.7|02:40:45 5.3 | 4.2 | 3.9 | 0.48  0.20
133. p , July 17 |40.6|23.4 05:37:06 5.6 | 4.4 | 3.8 | 0.78  0.34
134, n o, Aug. 27 |37.420.7 15:16:34 6.4 | 5.4 | 4.1 | 1.04 0.0l
135, » , Bept. 4 |36.6|26.7|00:02:36| 5.4 | 4.9 | 4.5 | 0.48 0.19
136. | 1959, Apr. 25 |37.0 28.5 | 00:26:39( 6.2 | 5.4 | 4.3 | 0.60 —0.28
137, n , May 14 |35.1|24.6| 06:36:56/ 6.3 | 5.5 | 4.3  0.78 —0.18
138, w o, Sept. 1 |40.9|19.8 [ 11:37:40 6.4 | 5.7 | 4.4 1.10  0.07
139. » , Nov. 15 |37.8|20.5| 17:08:43 6.8 ‘ 5.7 | 4.1 | 1.11 |—o0.22
140. b, o 19 | 38.9)26.6|14:00:28 5.3 | 4.1 | 3.7 | 0.00 —0.22
141. | 1960, Feb. 1 |35.3|23.0 | 11:60:39 5.3 (3.6)| 3.3 —0.40 —0.62
142, v, v 23 |39.020.6 07:34:31| 5.4 | 5.2 | 4.8 | 0.00 —0.29
143, n o, Mar. 12 | 41.8|20.9 | 11:54:00{ 5.6 ‘ 4.5 | 3.9 | 0.48 0.04
144. » , May 26 |40.5/20.6| 05:10:11| 6.5 | 4.9 | 3.5 | 0.48 |—0.63
145. o, July 13 | 40.6 | 23.4 | 13:01:01 5.3 (3.9) 3.6 —0.10 | —0.32
146. nw , Nov. 5 |39.1|20.6/20:20:48 5.7 | 5.6 | 4.9 | 1.11 | ©.60
147, | 1961, Feb. 23 | 36.7|27.1 | 21:46:36 5.5 | 5.3 | 4.8 | 0.95| 0.58
148, v o July 19 |37.7)20.123:00:56 5.3 | 4.4 ‘ 4.1 | 0.60 0.38
149. w . Oct. 2 |36.6|21.0|07:21:30 5.7 | 4.2 | 3.6 | 0.00 |—0.51
150. | 1962, Jan. 19 | 38.5|22.1 | 10:38:04| 5.3 | 5.2 | 4.9 | 1.00 0.78
151, » . » 206 |35.1|22.8|08:17:40 6.3 (3.7)| 2.5 |—0.30 —L.20
152, » , Mar. 18 | 40.6|19.5| 15:30:33) 6.0 | 4.7 | 3.8 | 0.90 | 0.16
| | [
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Table T continned

No. Date 'QT ’;f Bomos | M, | M, I* | logN a*
153, 1962, Apr. [0 | 87.6 20.1 21:37:13 6.3 5.6 | 4.4 | 1.65 0.69
[54. wo . o 28 [ 86.1 27.0 11:18:53 5.8 | 5.G | 4.9 | 0.30 —0.29
155. s LJuly 6 38.0 20.2 09:16:15 6.1 | 4.6 | 3.6 | 1.38 .57
156. s, Sepl. 10 | 85.6 275 09:36:28 5.3 | 4.0 | 3.7 | 0.00  -0.21
157. 1963, Mar. 4 |35.2 25.3 15:1:16 5.3 | 4.5 | 4.2 | 0.48  0.26
158. s .Jduly 26 42,1 21.5 04:17:11 6.0 - 4.4 | 3.5 | 0.48 ——-0.26
159. w o, Sept. 18 | 40.8 2001 16:38:00 6.3 5.0 | 3.8 | 0.90 —-0.06
160. » , Dee. 18 | 37.3 20.9 13:47:50 5.9 (3.5} 2.7 - 0.52 —I1.18
1G1. 1964, Feb. 23 | 39.3 23.7 22:41:07 5.5 4.9 | 4.4 | 0.60 0.23
162, o . Apr. 20 [30.1 23.8 04:21:07 5.8 | 5.2 | 4.5 | 0.78] 0.19
163. » . Aug. 25 [35.629.0 11:11:49 5.8 | 5.6 | 4.8 | 1.08 0.4
164, v, Oct. 6 [40.3 28,2 14:31:19 7.0 | 4.5 | 2.7 | 0.48 -1.00
165. 1065, Mar. 9 |39.3 23.8 | 17:57:53 6.2 | 5.7 | 4.6 | 1.41  0.53
16, »o, Apr. 5 [37.4 21,8 03:12:500 6.1 | 4.0 | 3.1 | 0.30 0 0.44
1G7. » o, Aug. 23 [40.2 26.2 14:08:57 5.4 | 4.4 4.0 | 0.30 0.0l
1G8. | 1966, Jaw. 2 | 37.6 23.423:12:07] 5.0 | 2.7 | 2.7 —1.30 --1.30
169 v, w20 80,0 24.4 00:39:00 5.0 4.0 4.0 0.00 0.00
176. s, Feb, 5 39.1 21.G 02:01:43 6.2 | 5.2 | 4.1 | 2.02  1.14
171. » . May 7 |37.7 27.9 13:08:15 5.3 | 3.4 | 3.1 | 0.70 .92
172. »o.ooa 0 845 26,0 00:42:55 5.8 | 5.0 | 4.3 | 1.55 0.96
173. s, w24 [37.4 221 09:30:28 5.1 | 4.7 4.6 | 0.70  0.63
174. v, v 25 [40.2 19.7 09:06:57 5.0 | 4.8 | 4.8 | 0.70 | 0.70
175. s, June 19 | 38.7 27.3 | 1T:55:28 5.1 @ 4.3 | 4.2 | 0.00 —0.07
176. » o, duly 12 [35.5 22,2 02:56:21 5.2 | 4.2 | 3.9 | 0.00 - .22
177. v, Aug. 16 [39.8 19,9 03:53:38 5.1 | 3.9 | 3.8 | 0.00 —0.07
178. » o, w21 [40.3 27.6 01:30:43 5.5 | 3.5 | 3.0 [--0.22 —0.59
179. » o, Sept. 1| 37.4[22.1 14:22:54 5.9 | 4.0 | 3.3 | 0.00 -——0.66
180. wo, Och, 20 | 38.821.0 02:30:26 5.9 | 4.1 | 3.3 | 0.70 .04
I81. v o, Nov. 19 [34.9123 7 07:12:30 5.3 | 3.1 | 2.8 |—0.52 0.74
182. 1967, Jan. 4§ | 38.3 22.0 05:58:56 5.4 | 4.1 | 3.7 | 0.30| 0.0l
183. s, Feb. 9 [40.0 20.3 14:08:19 5.7 | 4.5 | 3.9 | 0.7%  0.27
184, v, Mar. 4 | 39.1 246 17:58:06 6.8 5.5 | 3.8 | 1.30 --0.03
185, v, May || 30.5 21.2 07:09:02 6.3 | 5.4 | 4.2 | L.60 .64
180 po,Jduly B | 36,7 21.5| 00:53:108 5.0 | 4.6 | 4.6 | 0.85 0.8
187. v, Ang. 4 [41.5 19,2 | 14:54:53 5.0 |[(3.0)] 3.0 [—1.00 1.00
188. »o, Rept. 6 | 35.1 23.2| 04:50:20 5.0 | 4.3 | 4.3 | 0.30  0.30
189. v o, w8 140.9 20,2 02:04:46) 5.1 | 4.9 | 4.8 | 0.30 0.23
190, oo, Oet, B | 37.7 20,7 12:00:49 5.2 | 2.4 | 2.2 [—1.30 " 1.44
191. w o, Nov., 30 41.4 | 20.5 | 07:23:49 6.4 i 4.3 1.90 .87
192, 19G8, Feb. 19 1 39.3(25.0 | 22:45:44 7.1 | 5.6 | 3.7 | 1.05 | .40
194, » . Mar. 10 | 38.9[24.2 07:10:57 5.8 4.8 | 4.1 | 0.85 0.26
[94. v, v 28 [38.1/20.8| 074002 5.0 | 4.2 | 8.4 | 0.90 .24
195. no, a w3905 | 20,4 18:37:45 5.2 | 4.5 | 4.3 | 0.48| 0.34
196 v, May 30 | 35.428.0 17:40:25 6.0 | 5.7 | 4.8 | 1.75| 1.01
197, » L July 4 | 37.7 0 23.2| 21:47:50 5.5 | 4.4 | 3.9 | 0.84 | 0.47
(98, o, o» 8 3442520 17:41:08 5.2 | 4.9 | 4.7 | 1.00| 0.8
£09 » , n 25 |40.020.2 22:;05:28 5.1 |(3.3) 3.2 |- 0.70 |--0.77
200. W, Aug. 15 35.627.0 02:20:46| 5.2 | 4.9 4.7 | 0.48| 0.34
203] » o Sepb, 28 | 40.4 26.7 | 00:33:260 5.1 |(3.2) 3.1 —0.80 |--0.87
202 » . Oct. 28 | 38.9 25.0 12:54:20 5.2 | 5.0 | 4.8  0.30 | 0.18
208 . v o, Nov. 8 [42.0|10.3| 04:49:33 5.3 [ 4.3 | 4.0 | 0.30 0.08
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Table T continned

N Thate !}{f '}"U oo M, My Mi* logy ¥

204. | 1968, Nov. 3 38.8 29, 1.2 4.1 0,00 -0, 17
215 . » o, 1lec, 5 6.4 27, 2.4 4.4 1,20 17,30
206 . 1969, Jan., 14 36.2 24, 4.3 3.3 .30 -0 66
207 . ao. Mar, 3 10.1 27, 5.l 4.4 {70 11
208, T T 28 38,06 28, O LI O | 1,40 .22
2000, »o, Apr. 3 4.7 20, 4.9 1.1 1.08 0,42
210, » i 3R.5 0 206.0 4.2 3.4 {1, ) {0, 06
211. . ow 21 3.4 25, 3.8 3.8 -1, 20) (.20
212. v, May 1 35.3 | 2%. 5.3 4.8 1. 48 1.04
213. o, June 12 4.5 25, .5 1.5 .40 0.5%
214, v, -]llll\' 8 37.06 | 20, 4.8 3.4 .78 0,04
215. v, Aug 260 4108 198 (3.2) 3.0 |—0.80 .94
arG. wo, {let, 12 39.8 20, 4.7 3.8 1.18 0.84

RELATION BEITWEEXN 11IE NUMBER OF APTERSHOUKS AND THE MAGNITUDE
OF THE MAIN SHOCK.

The number of the attershocks, which follow an carthqualke, de-
pends not only on the physical condifivn of the matter in the after-
shock region but also on the magnitude of the main shock.  Therefore,
in order to use the number of aftershocks to investigate dilferences in
the physical conditions of several regions, it is necessary to use after-
ghock sequences which follow main earthquualkes with the same magni-
twle. Tlowever, it is difficult to obtain many data to apply this method
even in very active regions. For this reason we must first establish
a relation between the nnmber of the aftershocks amd the magnitude
of the main shock.

The logarithm of the number of aftershoecks with magnitude 4.0
or larger is plotted in IPigure 1 as a function of the magnitude of the
main shoek. The data of the columns (6} and {($) of the Table I
have been used for this plot. The data are fitted, in the least square
sense, by o straight line which has the equation:

log N = (—3.70 + 0.38) =- (0.74 + 0.06) M, [1]

The correlation coefficient is equal to 0.62,
The mean values of the logarithms of the number of aftershocks
with M = 4.0, which belong to main shoeks with magnitudes M, 4 0.2,
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are plotted versus M, in Figure 2. This Figure indicates that, in a
first approximation, the logarithm of the number of aftershocks with
magnitude larger than a certain value is a linear function of the magni-
tude of the main earthquake. On the other hand, the large scattering

Fig. 1. — Variation of the logarithm of the number of aftershocks
{M = 4.0), with the magnitude of the main shock.

of Figure 1 shows that the affect of the physical conditions in the
foecus, such as the homogeneity of the material, stress distribution ete.,
is considerable.

30 57 54 54 AR 80 47 b4 4b &R PO T P4 74 PHE BO

My =

Fig. 2, — Variation of the mean value of the logarithms of the number
of aftershocks (M == 4.0), whieh belong to main shocks of M, 4+ 0.2, with
the magnitude of the main shoek.
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AFTERBHOCK ACTIVITY.

The equation [1} and the data of the columns (6) and (9) of the
Table I have been used to determine the logarithm of the number of
aftershocks with magnitude equal to or larger than 4.6, which cor-
responds to a main shock with magnitude 5.0 in each case. These
values, measures of aftershock activity, are denoted by a* and are
listed in the last column of the Table I.

!
(TR -~ S
O Be maidem swdien araeies e

Aftershock Actwity

Fig. 3. — Geographieal distribution of the aftershock activity in the area
of Greece.
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The values of the «* have heen plotted on the epicentres of the
corresponding earthquakes. These valnes have been used to make
the mup of Figure 3. Five dillerent symbols have been used to re-
present five ranges of aftershock activity. The seismic area is divided
in several zones. The measures of the aftershock activity in each zone
have values distributed around a mean value. This mean wvalue i3
written in each zone, Tn some regions the data are not sufficient or
consistent. Tn these eases, the epicenters of the earthquales are indice-
ated by ecireles anil by the symbols of the corresponding value of the
aftershock wuctivity.

If we put Me = 5 in the equation{l}], we find log ¥ = 0, This
is the normal value of the aftershock activity. This means that the
values of the aftershock activity, which are larger or smaller than
the normal value of the aftershock aetivity, are positive or negative,
respectively. This is the reason why we have chosen the magnitude
5.0 of the main shock in order to define the aftershock activity.

KBELATION BWETWEEN THE MAGNITUDE OF THE LARGEST AFTERRIHOCK
AND THE MAGNITUDE OF THE MAIN SHOCK.

To use the magnitule of the largest aftershock for the investi-
gation of differences in the physieal conditions of the aftershock regions,
a relation between the magnitude of the largest aftershock and the
magnitnde of the main shoek must be first established.

In previous works such relations for earthquakes in the region
of Greece have been fonnd. But these relations have been hased
either on aftershock sequences of only large main shocks or on selective
aftershock sequences, most of which have relatively large numnber of
carthguakes (2 8).

The magnitudes M, of the largest aftershoeks of all the 216 after-
shock sequences, as listed in Tuble I, are plotted versus the magnitule
of the muin shock in Figure 4. A correlation coefficient equal to 0.64
has been determined. The data are fitted, in the lenst square sense, by
a straight line which has the eguation:

M= (— 0.59 + 0.45) + (0.91 + 0.07) Mo . (2]

This relation indieates that the difference between the magnitude
of the largest aftershock and the magnitude of the main shock is almost
independent of the magnitude of the main shock. Thns, for a main
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shock with magnitude 8.0, the magnitude of the largest aftershock is
6.7, while for a main shock with magnitude 5.0, the magnitude of the
largest aftershock is 4.0. The difference is 1.3 in the first case and L.0
in the seconil. These dilferences are almost equal to that predicted
by Bath’s law, according to which difTerence of 1.2 for large earthqua-
kes is expected. We ean, therefore, conelude that Bath's law is valid
in the area of (ireece in the ease of small earthquakes, too. Sinece the
quantity He — M is almost independent of s, this quantity can also
be used ns n mensure of the aftershock risk.

20}

o)

Fig, 4. — Variation of the magnitude of the largest aftershock with the
magnitnde of the main shock.

The mean value M of the magnitude of ull the largest aftershocks,
which correspond to magnitudes Mv 4+ 0.2 of the main shocks, have
been caleulated. These mean values are plotted versus the magnitudes
My in Figure b, This fignre shows that there is a clear statistienl
relation between the magnitude of the largest aftershock and the
magnitude of the main shoek. In a Hrst approximation this relation
can be congidered linear, Tt is observed, however, that, for magnitudes
of the main shock between 6.7 and 7.1, the magnitude of the largest
aftershock remainsg almost constant and that, for magnitudes of the
muin shoek larger than 7.1, a second curve with large slope can fit the
data, Tt is probable that this observation is not a result of lack of
sufticient data but it has some physieal meaning. To check this we



452 R. C, PAPAZACHOS

have made the same plot for all the earthquakes followed by aftershocks
and oeeurred in the European area, out of the region of Greece, bet-
ween 1910 and 1955. These data have been taken from a table
published by Karnik (3). It has been observed that, for about the
same range of values of the main shocks (6.7 to 7.1), the magnitude of
the largest aftershocks has tendency not to increase.

41
A0
LAY
S “ e

5al : |

48
EE-0
a4
43

ad -

i SI? 5‘4 5‘6 5‘! 6.0 bl? 6‘1 44 8B 7D X2 ?.JA ?Ia ?IB 8\0
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Fig. 5. — Variation of the mean value of the magnitude of the largest
aftershocks, which belong to main shocks of M, 4+ 0.2, with the magnitude
of the main shock.

It is interesting to note that the recurrence curve of the shallow
earthqualkes 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 (7). All these observations indicate that
the value 6.7 is a critical one. This value is probably related to the

linear dimengion of the unit block of this area.

AFTERSHOCK RISK.

The equation [2] and the data of the columns (8) and (7) of the
Table I have been used to determine the maximum aftershock M, *,
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which eorresponds to a main shock with magnitude 5.0 in each case.
The values M,* are measures of the aftershock risk and are listed in
column (8) of Table I. These data have been used to make the map
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Pig. 6, — Geographical distribution of the aftershock risk in the area of Greece,

of Figure 6. Four different symbols have been used to represent the
corresponding ranges of the aftershock risk. The seismic area is
divided in several zones, The number written in each zone is fhe mean
value of the aftershock risk of this zone. In the regions where there
are not sufficient epicenters or the data are not consistent, the epicen-
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ters are indicaterd by ecireles and by the symbol of the corresponding
ralue of the aftershock risk.

If we put My = 5.0 in equation [2], we Ond M, == 4, I'his is the
normal value of the affershock risle.

DMHOUSSION,

Tigure 3 and Tigure 6 indieate that the distributions of the
aftershock activity and the aftershock risk are generally similar. There
are, however, many regions where the distribution patterns of the two
gquantities are not the same. The zones of altershock activity are, in
general, parailel to the main trend of the morphology of the arvea, In
the western part of the area the zones, us a rule, have a direction
NNW-SBE, that is they are parallel to the Alpine follding. TIn the
eastern part the zones have, approximately, an east to west direction.
It iz very inferesting to note that the zones of the aftershock activity
in northwestern Turkey arc parallel to the well known Anatelian fault.
Zones of very low aftershock activity or risk arve succeded by zones of
normal aftershock activity or risk.

The exact physical explanation of the distribution of the after-
shock activity and aftershock risk is not easy. This is mainly due to
the lacle of sufficient theoretical and laboratory information. According
to Mogi (1967) the zones of different aftershock activity represent
zones of different structure state. Hones with large aftershock acti-
vity are not mueh fractured. According to this opinion the zones of
Tignre 3 indieate regions of higher, normal or lower homogeneity.
Laboratory experiments show that the altershock activity rdepentds on
the distribution of stress, too (Mogi, 1962, Scholz, 1968).

It i3 understood that the bounderies of the zones of Figure 3
and 6 are subjects of revision. The collection of many data, con-
cerning scquences of smaller main earthquakes, by the new network
of station in the area, will help to make more accurate maps of after-
shock activity and aftershocl risk.

BUMMARY AND CONCLUBIONS,

The geographical distribution of the aftershock activity and after-
shoek risk in the area of and near Greece has been investigated. The
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aftershock activity and aftershock risk are measores of the number
and the energy of the aftershocks which follow an earthquake of a cer-
tain magnitude, respectively.

In the present paper the logarithm of the number of aftershoclks
with M = 4.0, which follow a main shock of magnitude 5.0, is defined
as a measure of the aftershock activity. The magnitude of the largest
aftershoek, which follow a main shock of magnitude 5.0, is defined as
a measure of the aftershock risk, The symbol a* is nsed for the mea-
sure of the aftershock activity and the M* for the measure of the
aftershock risk.

A number of 216 aftershock sequences have been used to find the
statistical relation log N = — 3.70-+0.74 M, between the nomber N of
aftershocks of M = 4.0 and the magnitude M, of the main shock,
The relation M= —0.58 + 0.91 Mo hag been found between the magni-
tnde M: of the largest aftershock and the magnitude of the main
shoek. The quantities a* and M* have been determined, for all
aftershock sequences, on the basis of these relations and the ohser-
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 usefnl hecause they
show the distribution of several physical properties, such as the hamo-
geneity of the material, the distribution of stress and they can be used
to estimate the number and magnitude of the aftershocks which follow
a principal earthquake.
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