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Abstract: The magnitude and time distribution of the aftershock sequence which occur
red off the southwestern coasts of the Cephalonia island between January and May 
/983, is investigated. The time-distribution of the frequency ofaftershocks follows the 
well known decay law with a value equal to 0.94 for the parameter p of this law. The 
magnitude-frequency relation holds also for the present case, with a b-value equal to 
1.0/. 

1. INTRODUCTION 

On January 17, 1983 (12h 41m 31s) an earthquake of surface wave 
magnitude equal to 7.0 occurred in the Ionian sea, at a distance of about 40 
Krn off the southwestern coasts of Cephalonia island. This shock was follow
ed by numerous aftershocks, the largest of which occurred on March 23,1983 
with a surface wave magnitude equal to 6.2. Although the largest aftershock 
was smaller than the main shock, it was felt in Cephalonia island with a max
imum observed intensity VII, while the main shock was felt with a maximum 
observed intensity equal to VI. 

The seismogenic volume of this main shock is part of a well defined seismic 
zone (Papazachos 1980). The epicenter of the main shock (37.96 N, 20.26 E) 
was located at a region which has been considered as a seismic gap of the se
cond kind (Papadimitriou and Papazachos 1982). 

In the present paper, the temporal and magnitude distribution of the after
shocks are studied. For this purpose, instrumental observations have been us
ed. Such a study is of imprortance because it contributes to the solution of 
seismic risk and earthquake prediction problems. 
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2. THE DATA 

The data to investigate the time and magnitude distribution of shocks of 
this seismic sequence were taken from the Greek network of seismological sta
tions as well as from the seismological stations of the neighbouring countries. 
The records of the station of Athens (Wood-Anderson records) were the basic 
source of data for the investigation of the time and magnitude distribution of 
the aftershocks. Earthquakes with magnitudes less than 4.0 were recorded. 
However, wishing to include all the earthquakes of the sequence with 
magnitudes larger than a certain value and only these, we finally included in 
our catalogue and used in the present study only the earthquakes with M), 
4.5. Thus, a catalogue of complete and homogeneous data with respect to 
magnitude for the period January 17-May 29, 1983, has been made. This 
catalogue is shown on table (I). Information is given in this table on the time 
of occurrence, the surface wave magnitude, the epicenter coordinates, the 
focal depth, the errors in the time of occurrence, RMS, the errors in the deter
mination of the epicenters, ERZ, and of the focal depths, ERH, and the 
number of observations for each shock, N.O. The standard error, RMS, is 
given in seconds. while the ERH and ERZ are given in Kms. 

3. TIME DISTRIBUTION OF AFTERSHOCKS 

The time distribution of aftershocks has been studied by several in
vestigators. Mogi (1962) showed that the time distribution of aftershocks in 
the ea~ly stage after the main shock in which the stress decreases with time, is 
expressed by the relation 

where t is the time measured from the time of occurrence of the main shock, n 
is the number of aftershocks which occurred in the time period t, and n l , p, 
are constants. 

The parameter n 1 denotes the frequency of aftershocks one time unit after 
the origin time of the main shock, and its value depends on the magnitude 
threshold and varies from sequence to sequence (Utsu 1962). 

The parameter p, which measures the rate of decay of aftershock activity 
with time, is constant for each sequence independent of the lower limit of 
magnitude chosen for counting the frequency of aftershocks (Comninakis 
1978). 

Therefore, p can be regarded as a quantity characterizing the sequence (Ul
su 1969, Papazachos 1974a). 
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Table 1.-lnforrratLOn on alj the earthquakes with M ~4.5 of the sequence. 

N;) DATE 
CRIGIN 

TIME 
M ° (JlN "h 

0 
E 

h RMS ERH ERZ 1'0 

MS Jan. 17,1983 12: 41: 30.8 7.0 37.96 20.26 5 0.37 2 2 36 

1. " " " 12: 54: 15.8 4.8 38.24 20.49 I 0.27 5 4 14 

2. " " " 12:56:39.9 4.7 38.27 20.61 3 0.55 - 8 11 

3. " " " 14: 18: 57.8 4.6 38.2\ 20.47 I 0.70 6 5 23 

4. " " " 15:14:09.8 if.5 38.46 20.17 3 1.01 - 14 6 

5. " " " 15:53:56.9 5.4 38.13 20.if9 11 0.3if 3 1 33 

6. " " " 16:22:29.4 4.8 38.22 20.ifO I 0.63 8 if 20 

7. " " " 16:53:30.2 5.4 38.08 20.38 9 0.40 2 I ifl 
I 

I 8. " " " 17:08:31. I 4.5 38.02 20.26 lif 0.73 5 3 22 

I 9. " " " 17: 13:36.if if.5 38.05 20.34 1 0.75 5 5 22 
I 

10. " " " 17:5if:02.2 if.9 38.21 20.15 0 0.74 16 - 17 

11. " " " 18:3if:09.8 if.5 38.16 20.if6 5 0.66 7 5 15 

~ <.... " " " 18: 51: 12.3 if.8 38.16 20.59 7 0.62 6 3 15 

13. " " " 23:19:17.8 4.5 38.15 20.55 9 0.52 6 2 15 

14. Jan. 18,1983 01 : 31: 57 . 3 4.5 38.18 20.52 11 0.54 6 2 16 

15. " " " 06:09:39.9 4.5 38.18 20.53 3 0.64 9 4 13 

16. " " " 07:52:43.7 4.7 38.21 20.45 if 0.28 3 2 23 

17. " " " 09: 31 :09.6 4.6 38.08 20.if5 10 0.50 if 2 18 

18. " " " 1if: 13: 19.7 if.7 37.83 20.09 II 0.43 4 2 18 
, 

19. " " " 18: 19: 17.7 if.7 38.15 20.51 7 0.60 6 2 21 

20. " " " 19: 14:08.9 4.9 37.82 20.19 9 0.29 3 1 20 

21. " " " 21:38:52.3 4.5 38.02 20.4if lif 0.49 10 4 8 

22. " " " 22:3if:if2.7 5.0 38.03 2n.38 8 0.if4 4 2 26 

23. Jan. 19,1983 00:02: 15.1 6.0 38.06 20.39 6. 0.if5 if 2 29 

24. 11 " " 00: 18: 22.4 4.9 38.10 20.ifO 9 0.29 3 2 25 

25. " " " 05:41 :51.0 5.6 37.82 20.0if 9 0.31 2 1 27 

26. " " " 08:08:38.6 if.8 38.08 20.42 2 0.50 4 3 16 

27. " " " 08: 25: 32.9 4.8 38.10 20.52 6 0.38 if 2 17 

28. " " " 13:24:56.5 4.7 38.07 20.30 2 0.52 4 if 23 

29. Jan. 20,1983 06:18:46.1 4.6 38.08 20.35 8 0.28 2 I 26 

30. " " " 07:35:09.6 4.8 38.12 20.38 6 0.58 8 if 19 
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N:l DATE 
<:RIGIN 

TIME 
M QlO

N 
AO 

E h RMS mH ERZ !'O 

31. Jan. 20,1983 09:51 :09.6 4.5 38.20 20.38 12 0.44 15 6 7 

32. " " " 15:54:00.9 4.5 38.08 20.14 13 1. 20 - 15 7 

33. Jan. 21,1983 21: 11 :30.5 4.8 38.27 20.30 I 0.40 6 3 16 

34. Jan. 22,1983 12:54:07.0 5.0 37.92 20.35 7 0.36 3 2 25 

35. " " " 16:01 :41.5 4.7 38.02 20.32 9 0.33 2 , 29 

36. Jan. 24,1983 00:56:43.4 4.6 38.00 20.32 10 0.60 5 2 22 

37. Jan. 28,1983 09: 12:29.0 4.7 38.14 20.27 4 0.56 5 5 26 

38. Jan. 30,1983 11 :46:08.0 4.5 38.13 20.30 I 0.33 4 3 20 

39. Jan. 31,1983 01 :06:21.6 4.5 38.19 20.37 0 0.53 4 3 27 

40. " " " 15:27:01.7 5.8 38.12 20.49 4 0.51 4 3 35 

41. Feb. 1,1983 13:07:32.8 4.5 38.12 20.29 1 0.40 5 4 13 

42. Feb. 2,1983 06: 16: 40.1 4.6 38.12 20.48 12 0.45 6 2 14 

43. " " " 12:43:15.3 4.7 38.13 20.38 5 0.48 4 3 19 

44. Feb. 3,1983 13:25:37.1 4.6 38.06 20.40 I 0.66 6 4 20 

45. Feb. 4,1983 00: 34: 18.8 4.6 38.00 20.33 12 0.34 2 1 25 

46. Feb. 11,1983 09:59:56.9 4.6 38.15 20.45 9 0.58 6 3 18 

47. Feb. 16,1983 16:50:49.4 4.8 37.99 20.44 10 0.37 6 2 17 

48. Feb. 21,1983 00: 13 :09.7 5.6 37.84 20.29 12 0.50 6 3 23 

49. " " " 00: 36: 41.3 4.5 37.76 20.37 9 0.37 5 3 9 

50. Feb. 22,1983 10:52:32.9 4.5 37.92 20.13 7 0.41 4 3 24 

51. Feb. 23,1983 06:12:37.9 4.6 38.14 20.43 9 0.56 5 2 22 

52. " " " 19: II :09.5 4.5 38.05 20.42 2 0.46 9 6 10 

53. I\Ia r • 18,1983 00:45:41.7 4.7 38.27 20.44 0 0.61 9 8 15 

54. I\Ia r • 22,1983 05: 12:56.0 4.7 38.18 20.46 3 0.48 5 3 21 

55. I\Ia r • 23,1983 23:51 :07.8 6.2 38.22 20.41 3 0.28 3 2 32 

56. I\Ia r • 24, 1983 02:36:03.5 4.9 38.20 20.33 13 0.80 9 15 19 

57. " " " 02:56:40.3 4.5 38.23 20.53 I 0.28 10 - 8 

58. " " " 04: 17:33.6 5.6 38.10 20.49 12 0.45 4 2 35 

59. " " " 12:50:58.4 5.3 38.08 20.35 0 0.54 3 2 36 

60. " " " 14:07:07.2 4.7 38.43 20.43 3 0.66 15 15 12 
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Ir-b I' 
I 

DATE 
<:RIGIN 

TIME 
M 0 

(jIN },O
E h RMS ERH ERZ ID 

61. Iv'e r • 24, 1983 14; 19:32.9 4.5 38.36 20. JJ 5 0.71 - - 12 

62. " " " 18:45:08.3 4.5 38.39 20.39 1 0.48 14 - 9 

63. " " " 19:35:57.2 5.1 38.23 20.41 2 0.45 3 2 34 

64. " " " 22:03:20.6 4.5 38.20 ~0.51 '2 0.26 5 4 18 

65. Feb. 25,1983 1I :00:07.7 4.7 38.31 20.41 8 0.34 7 9 14 

66. " " " 18:56: 39.1 5.3 38.15 20.30 0 0.59 4 3 30 

67. " " " 20:20:47.0 4.8 38.21 20.41 4 0.53 5 3 24 

68. " " " 20:43: 14.0 4.7 38. II 20.41 10 0.52 10 2 14 

69. " " " 21 :00: 51.2 4.9 38.14 20.35 2 0.53 4 3 29 

70. Feb. 26,1983 17: 17: 25.4 4.9 38. \ 4 20.25 1 0.80 5 5 27 

71. Feb. 31,1983 07:20:03.5 4.7 3&. 22 20.44 1 0.70 8 5 16 

72. I Iv'ey, 13,1983 07:48:42.0 4.5 38.01 20.17 8 0.69 3 2 JJ 

73·IIv'eY, 29,1983 05:09: 17.8 4.8 38.12 20.32 0 0.48 2 3 28 

• 
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Fig. 1.- The time distribution of the aftershocks of the January 1983 main shock. 
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Taking the common logarithms of the relation (I), we get 

log n = logn I - plogt (2) 

In order to determine the parameters n I and pfor the sequence which is 
studied in the present paper, the data have been grouped according to a pro
cedure suggested by Utsu (1962), as it is shown in figure (I). By application of 
the least squares' method, the relation (I) takes the form 

n = 7.2·t-0.94 (3) 

4. MAGNITUDE DISTRIBUTION OF AFTERSHOCKS 

One of the most important statistical laws in Seismology is the Gutenberg
Richter's magnitude-frequency relation of earthquakes (1944), which gives the 
number of earthquakes, n(M) with magnitude between M and M + dM, 
within a certain time interval. This relation has the form 

10gn(M) = a' - bM (4) 

Today, most seismologists calculate the cumulative distribution N(M). The 
cumulative frequency curve is not affected very much by differences in the 
magnitude class and gives a smoother curve than the ordinary one. In
tergrating equation (4) we get 

10gN(M). = a - bM (5) 

where a,b, are parameters. The parameter b shows the proportion of large to 
small shocks in a given group of earthquakes. When b is large, small shocks 
predominate, and conversely (Comninakis 1978). 

Figure (2) shows the cumulative distribution of the magnitudes of the 
shocks which are listed in table (1). The data are fitted, in the least squares' 
sense, by the relation 

log N = 6.32 - 1.01 M (6) 
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Fig.2.- The cumulative magnitude distribution of the aftershock sequence of the 
January 17, 1983, main shock. 

5. DISCUSSION AND CONCLUSIONS 

Recent studies concerning the parameter b of the magnitude-frequency rela
tion lead to th~ conclusion that there is a clear physical meaning for this 
parameter. 

According to Papazachos and his colleagues (1967) and Mogi (l9~7), the 
value of the foreshock b is smaller than the value of the aftershock b. 

Experiments on rock samples which have been performed in the laboratory 
by Scholz (1968), showed that the value of the parameter b decreases when 
stress increases. Its final value depends rather on the state of stress than on the 
heterogeneity of the material. 
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Wyss (1972) observed that there is a time-variation of the b in an area, and 
that its value decreases when stress increases. 

Swarm studies performed by Pasquale (1977), led to the conclusion that the 
value of the parameter b decreases before the largest afteshock. After its oc
currence, b-value increases till the end of the sequence. 

Karakaisis (1984) determined more accurate values for the b parameter of 
the aftershock sequences. The mean value of this parameter for Greece and 
surrounding area is b = 1.08, while the value of the same parameter of the 
Cephalonia seismic sequence is eq ual to 1.01. 

Evidence has been presented by Mogi (1962) that the parameter p of the 
decay law depends On some physical conditions in the focal region. He has 
observed a consisted geogrpahical distribution of the values of this parameter 
in the area 0 f Greece. The same author (Mogi 1967) suggested that the 
parameter p seems to be correlated with areas of recent volcanism, supporting 
the assumption made by Papazachos (1974a) that p parameter is presumably 
related with material properties in the seismogenic volume (viscosity etc). 
Papazachos (I 974b) has found a representative p value for the area of Greece 
equal to 1.13 while Karakaisis (1984) determined a mean value, almost equal 
to 1.0. The value of this parameter of the present sequence is equal to 0.94. 
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nEPIAHIf'H
 

XPONIKH KAI KATA MErE00E KATANOMH
 

THE EEIEMIKHE AKOAOY0IAE
 

IANOYAPIOY-MATOY 1983 ETO NHLI KE<1>AAONIA,
 

IONIO DEAArOE
 

Y7tO 
1.cIl.KAPAKATl:H(l), n.M. XATZH~HMHTPIOy(l)Kal n.E. KOMNHNAKH(2) 

(1) Epyaarr,plO TewrpvaIKr,r;, flavf,7tIaTl1JjIO eeaaa)..oviKI7C; 

(2) Lf,laJjo)..oYIKO [vaTlwvro, EOVIKO A arf,pOaKorreio A 0I7 YWv 

H X,POV1Kll Kat Kata ~£y£80<; KatavO~ll tll<; ~£tUO£IO~lKll<; UKoA.ou8ia<; 

nou £ylV£ ~£ta~D Iavouapiou Kat Mutou 1983 KOVta ott<; VOtlOOUtIKE<; u

Kt£<; tll<; K£q>UA.OVla<;, £~£tas£tat OtllV £pyaaLu UUtll. H X,povlKll Katavo~Tj 

tll<; oux,vOtllta<; to)V ll£tUO£lOIlWV UKOA.ou8d tTl YV(J)OtTj OX,EOT] tT]<; £A.at

t(J)Oll<; ~£ tl~" tT]<; nupu~£tpOu p tll<; ax,£oT]C; UUtTjc; iOll ~£ 0,94. H OX,EOT] 

t(J)V Gutenberg-Richter ~£tU~U 1'OU ~£'Y£8ouC; t(J)V O£lOIlWV Kat tll<; OUX,V01'T]

tU<; autWv IOX,D£1 £n1.allC; ylU tllv UKOA.ou8iu nou £~£taS£1'at, ~£ tt~" tll<; nu

pUIl£tPOU b iOll Il£ 1,01. 

Ta Xf,lpoyparpa KaTaTeOI7KaV anc; 4.2.86 
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