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The catalogue of Carrozzo et al. (1973) lists about 10.000 events from the year 0
uantil 1970 (however, only 94 of them decurred prior to the year [000). The Baraua
(1901) catalogue was compiled at the end af the 19th Century, although it is an
important document, it is not as complete as the others, mostly for-the smaller
events; it does not give intensities nor coordinates of the events but importan:
detailed descripticn of the locations and the damages which occurred there In the
ENEL catalogue (1978) the epicentral coordinates of the events which were recorded
instrumentally have been recomputed using the most updated models of the Italian
territory, where this was not possible the epicenters were estimated from the
isoseismals or assuming it where the largest damage was recorded or, in case of the
smaller events, where the event was felt. In most cases we may assume the accuracy
of the epicentral ¢oordinates is less than 10 km.

A comparison of the two catalogues made by Caputo (1981) shows that the most
frequent disagreement between the catalogues of ENEL (1978) and Carrozzo et al.
(1973) concerns the intensity of historic earthquakes which had to be inferred from
the description of the events in very old books or cronicles; the disagreements
between the intensities of the events of the areas considered in this study is limited
to at most one degree of intensity; in all Italian earthquakes with 7 3 IX, for 38
events [ is larger in the Carrozzo et al. (1973) catalogue, for 5 events [ is larger in the
ENEL catalogues. The ENEL catalogue is not only the most complete but ap-
parently it is also more accurate in the epicentral coordinates and intensity of the
events. For this study we therefore used the ENEL catalogue.

Assuming that the statistical density distribution of the number of earthquakes
does not change with time in 1000 years and provided reasonably long time intervais
for the statistics are considered, we obtain for the completeness of the ENEL
catalogue the time windows listed in Table I; as in most catalogues of earthquakes,
the completeness is increasing with time. Table [ was obtained by considering time
windows at 10 and 25 years which gave the same results. The dxstnbuuon of events
in time windows of 25 years is shown in Table II. -

The time 7, after which the catalogue was tentatively considered complete for the
intensity /, was estimated assuming that the average number of events n{/, 4. 1) in

TABLE [
Completeness of the ENEL (1978) Catalogue of Italian Earthquakes

I[ntensity, / Compieteness of the catalogue
»Vl 18851975
» VIl 1775-1975
» VI 17001975
»IX 1600-1975
»X 1550-1975

» X1 10001975
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seismic network and/or the macroseismic service were such lo secure the complete-
ness of the catalogue. For instance; one may assume that from the beginning of the
century the seismic nerwork and macroseismic service would detect all events of
intensity VII or larger, or that ail events with intensity XI and XIi were reported in
the cronicles from year 1000.

Given 2 A, which secure n(1,4,1¢)3 10 (note that for all A, considered and
/ < IX there is one exception, namely for /= VIII and Ayq = 1774-1750) one
compares Kny ) —~na(l. 4, 1)} with 055 the catalogue is then considered complete
after the year T, if [(ny,) = n({. 8.t} <0y, for t > T;. It has always been verified
that for time windows prior to 7; one finds Kra) = n{l 4, 1> ay,. For [ = VI we
used 4, = 10 years, for VI <] <X we used 4, =25 years; for [ =X we used
A, = 50 years; in this case #([, 4. 1) 9.

It has also been verified that for I = VII the windowings with A, = 10 years and
4, =25 give the same results, taking into account the lower resolution of 4, = 25;
and also that for [ = VIII, the windowing with 4, = 25 and 4, = 50 give the same
resuits. Moreover the initial time of the windowing with 4, = 10 has been shifted by
2 years, that with 4, = 25 has been shifted by § years, and that with 4, =50 has
been shifted by 25 years verifying that one obtains for T, the same results.

The [ = X deserves special attention because the number of events per century in
the last five canturies in general is less than 10, for instance the number of events in
the interval 1875-1975 is 4; considering the historic conditions of [taly prior to 1500
and that between 1400 and 1500 only one event was recorded, after applying the
above mentioned criterion we teatatively assumed T, = 1500 verifying that g,, >
Cna,y—n{x, &, t}forr<T. However, we cannot rule out that the large fluctua-
tion prior to 1500 be real.

Another test of completeness has besn done by comparing the a, and &, values of
the law:

logn=a,—b,1

for time windows beginning at different times in the past. The resuits of this test are
in agreement with those of the previous tests.

In this study we consider two areas: the circle of 140 km radius centered in the
Messina Strait (area B) (see Fig. 1) and the portion of the Southern Apennines
between latitudes 39°N, 41.8°N (area A) (see Fig. 2). Both areas have been very
seismic in the past. For the area A, the ENEL (1978) catalogue lists 38 earthquakes
with intensity IX or more occurring after 1448. For the area B, the ENEL (1978)
catalogue lists 16 events with intensity X or more occurred after the year 1100. It is
worth poting that both areas include 2 large or complete portion of the D (danger-
ous) areas defined in southern Italy by a patiern recognition study of earthquake-
prone areas of Italy (Caputo et al., 1980). Area A includes the epicenter of the
November 23rd 1980 earthquake (M, = 6.9) which coincides with intersection 77 of
Fig 2.
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Fig. 2. Map of the major lineaments of the [talian region, and of the inlersections of the linearmneats
considered a3 poteutially dangerous. Numbers in the key refer to the following classification of
lineaments, epicenters, boundaries and intersections. Lineaments: /, 2 = {irst orders J, 4 = second order:
5, 6w thind order; /, ] and 5 longitudinal, 2, 4 and 6 are oot expressed in topography. 7. &, 9,
10 = epicenters, /I = unceriain lineaments (covered by sediments or sea). Intersections: [2 = recognized
as D in the basic variant; /7 = recognited as uncertain in the basic vanant; /4 = recognized as D in the
earthquake future experiment; /5 = not used because the intersections are on the outer boundaries of the
regions,

“THE MESSINA STRAIT AREA

The 16 earthquakes shown in Fig. 2 have intensity X or more in one of the
catalogues of Carrozzo et al (1973) and ENEL (1978). The probability that 16
events distributed over 980 years are agregated in 8§ pairs, and that the two events of
each pair are separated by at most 25 years, is less than 7- 1075,

Let E, be the earthquake that occurred at time ¢; (1, > r; i = 1,16). We shall
consider 2 pair of two carthquakes £,,, E,;_; (j=18); the time (ty;~t3,20)
separating the two elements of each pair (see Fig. 1) is less than 23 years.
(#2;—=42;—1) = 10 years. The time separating (wo successive pairs, f, .,

—t3,, has
an average value of about 100 years.
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TABLE i1t
Sequences of large earthquakes in the Southern Apcnnines (berwern the latitudes 39°N and 41 0N)

Time window  Events Number Timeto Length of Gap

{intensity. year) of secoad time window  between

events event of of cach sucCoLsive
sequenct sequence sequences
{ycars) (years) (years)’

14431456 DC 1a48; X1, 1456; 1X, 1456 3 8 ] o4
1550~ 1561 D 15507 IX 1560: DX 1561;

X, 1561 4 10 ] 66
1677-1627 X 1677 X3, 1627; 2 0 0 1
1638-1638 X 1638; IX, 1428 pA a 0 3
1646—1654 IX, 1646; X, 1654: X, 1654 3 8 3 34
1688-1702 X, 1688: X, 1694: IX. 1702 3 6 14 29
1731-1732 X, 1731 DX 1732 2 i 1 23
1755-1767 X, 175S; DX, 1767 2 12 12 29
17961805 X, 1796; X3, 1805 pa 9 9 21
18261836 X 1826; DX 1828: X 1832

DX, 1835; IX, 1836; IX, 1836 6 2 190 15
1851-1858 IX, 1851; X, 1854; [X 1857:

X, 1857; X, 1858 5 1 7 12
18701883 X, [870: X, 1883 2 13 13 7
19101913 IX{, 1910; IX, 1913 2 3 67
1980-17 X, 1980 ? ?
Average 3 7 1.4 33

33 years in average. The total alarm time betwesn the first and the second event of
each sequence is 75 years or about 16% of the total time for 13 pairs from the first
event of the first pair. : .

In ail of these sequences of events except those after the years 1550, 1646, 1796,
1851, the first event of the sequence has the largest intensity.

The statistical distribution of earthquakes was studied since the beginning of
seismology; some early studies (AKi, 1956; Knopoff, 1964) concluded that the main
sequence events were non-Poissonian. However, it has been noted (Gardner and
Knopoff, 1974) that the California earthquakes with M 2 3.8 berweesn 1952 and
1971, after properly removing the aftershocks have a Poissonian distribution, that
the same property is valid also for M > 4.3, M > 4.8, M > 5.3, but for M =538 the
number of events is not sufficient to draw any conclusion. Also the number of events '
considered in Table III is insufficient to draw any conclusions as to their statistical
distribution law: however, assuming tentatively that their distribution is Poissonian,
we find that the probability that 38 events distributed over 532 years are aggregated
in 13 sequences, such that in each sequence there are at least two events and the time
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TABLE IV )
Average successive inter-arrival time in each sequence of Table Il

151-2nd ind-3rd 3rd—dth 4th-5th S5th—6th
Later-arrival time
in years 59 13 12 0.63 0.57
Number of cases 13 6 3 2 !

The pattern recognition study of the earthquake prone areas in Italy does not
necessarily forecast the location of the expected carthquakes in area B because the
intensity of these events is anticipated to be [X or more which in turn could imply a
magnitude less than 6.5 which escapes the possibilities of the pattern recognition
study aiming to magnirudes M » 6.5. The same reasoning applies to the swarm
precursors which generally aim at magnitudes M 3 6.5. However, other precursors
such as variation of radon content in subterranean waters of tilts or deformations of
the ground, may indicate the time and location of the future epicenters; the presence
of these signals prior to some earthquakes has been already proven possible in the
Apennines (Alessio et al., 1980).

CONCLUSIONS

According to this study the two areas considered may experience a large earth-
quake in the near future.

Concerning the area around the Strait of Messina the earthquake may occur in
one of the points of that area indicated as D in the pattern recognition study of the
Italian region made by Caputo et al. (1980) shown in Fig. 2.

If we focus our analysis to the period after 1783 we see that the groups of
earthquakes are regularly separated by about 40 years and the present gap of 73-
years is very significant. But if we consider also the preceding period. we see that
larger gaps have occurred and the present gap would be significant only if the
seismic regime after 1783 will be continued. Also we must coansider that we cannot
firmly exclude that some large earthquakes which occurred prior to the year 1500,
are not listed in the catalogue. '

In the Southern Apennines the earthquake expected may not occur in one of the
points indicated as D in the pattern recognition study of Caputo et al. (1980)
because this aims to earthquakes with magnitudes M » 6.5 while the earthquake
expected here may have a smaller magnitude,

The catalogue used in this study (ENEL, 1978) should be complete for intensities
I > IX only after the year 1550, Therefore the incompieteness could affect only the
first sequence of Table I11. The gap of 67 years recorded before the last event is then
very significant. If the past expericnce is repeated, the earthquakes which will
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The forecast of the magnitude 5.8, May 7th 1984,
_ earthquake in Central Italy

Michele Caputo*

Resumen 1

El 23 de noviembre de 1980 un terremoto de magnitud M=6.5 ocurrié en la
parte sur de los Apeninos 2 la latitud 40°55" y longitud 15°22°. Siguiendo la ;
tradicién del andlisis estadistico del catdlogo italiano de terremotos que
condujo en ¢l pasado al desarrollo de algunos métodos de prediccién a largo
plazo de grandes terremotos (Caputo et al., 1977; Caputo et al., 1983), aquel
catdlogo fue examinado a efectos de investigar modelos de sismicidad con los
cuales fuera posible estimar la probabilidad, a su vez, de una fuerte réplica.
El analisis del catdlogo de terremotos italiano con intensidades mayores de
VTII desde el afio 1448 revelé que, entre las latitudes 39°N y 41°57'N (exclu-
yendo Apulia), los sismos ocurrieron en 15 secuencias, cada una compuesta
promedialmente de tres eventos dentro de un periodo de siete afios. A su
vez, dentro de cada secuencia, el tiempo promedio entre el primer y segundo
evento, es de cinco anos.

Este modelo de secuencias de grandes terremotos condujo a una tentativa
de prediccién de nuevos terremotos con una magnitud moderada, a seguir
unos pocos afios después al evento del 20 de noviembre de 1980 (Caputo,
1983). Estos terremotos realmente ocurrieron en mayo 7 y en mayo 11 de
1984 con magnitudes 5.8 y 5.2, respectivamente.

Los Gltimos sismos mencionados indicaron que la prediccion era correcta
y que, por lo tanto, era apropiado estudiar con mayor detalle el conjunto de
secuencias de terremotos, asi como las secuencias de todos los eventos y la
distribucion de eventos dentro de aquellas secuencias, a efectos de encontrar
posibles leyes fisicas que pudieran regular el comportamiento de los terremo-
tos dentro de las secuencias y la agregacién de los mismos para formar
aquelias. Un andlisis mas refinado revel6 que la distribucion de los tiempos
entre las secuencias era exponencial, lo que implica que no es posible prever

Ser Mt

* Department of Geophysics, Texas A&M University College Station, TX 77843
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cién porque han pasado 80 afios desde la tltima concentracion en el intervalo
1905-1908.

Abstract

Analysis of the catalogue of Italian earthquakes with intensities larger than
VIII from the year 1448 reveals that, between the latitudes 39°N and 41°57'N
(excluding Apulia), the carthquakes occurred in 15 sequences, each composed
of an average of 3 events within an average time of 7 years. The average time
between the 1st and 2nd events of each sequence is 5 years, which led to the
tentative prediction of new earthquakes with moderately large magnitude to
follow a few years after the event of November 20, 1980 (Caputo 1983). These
earthquakes actually occurred on May 7th and May 11th, 1984 with magnitudes
5.8 and 5.2. A more refined analysis reveals that the distribution of the times
between the 15 sequences is exponential; while the times between all the
events, or between the events of one sequence have a non-exponential distribu-
tion. This implies that after the first earthquake of a sequence, as in the case
of the 1980 earthquake, one may foresse the occurrence of other earthquakes
after few years, while it would be difficult to foresse the occurrence of a future
sequence of earthquakes.

The data do not allow us to foresse the occurrence of the third event of
the sequence with acceptable confidence. These occur with about 46% proba-
bility. On average, they occur within 7 years from the first earthquake of
their sequence and within 2 years from the second.

Introduction

The statistical distribution of earthquake parameters has been studied since
the beginning of modem seismology. Work by Ishimoto and Iida (1939}, who
discovered that the log of the density distribution of the magnitude M is a
linear function of M, which led to the definition of the now well-known b value.

Aki (1956) and Knopoff (1964) studied sequences of events in catalogues
of earthquakes and conciuded that they are not Poissonian; however Gardner
and Knopoff (1974) found that California earthquakes with M > 3.8 between
1952 and 1971, after proper removal of aftershocks, have a Poissonian distribu-
tion. The same is true also for M > 43, M > 4.8, and M > 5.3; but for M

> 5.8 the number of events is not sufficiently large to draw any reliable
conclusion.

Caputo (1980a, 1982, 1981b) and Caputo and Console (1980) studied the
statistical distribution of the scalar moments M, as a function of the length
of the fault 1 and of the stress drop p and found that their density distributions

b,(M), n(l), and n.(p) are powers of M, I and p respectively, as predicted

; theoretically (Caputo 1976, 1980), and that some of the exponents of power
~laws are related. ' ' R -
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Benvenuti and Caputo (1982), to be prone to events with M = 6.5 (see Fig. 1).
It was preceded by a swarm precursor (Caputo et al, 1983); for a detailed
discussion of the precursors of this event see Del Pezzo et al, (1983).

A detailed analysis of the catalogues of earthquakes (ENEL 1978, Carrozzo
et al, 1973) of the portion of the Appennines between latitudes 39°N and
42°N, from the year 1448 through 1964 (Caputo 1983), indicates that the
events with intensity larger than or equal to IX tend to cluster in time. These
events are listed in Table 2.

Figure 1. Map of the major lineaments of the Italian region, and of the intersections
of the lineaments considered as potentially dangerous. Numbers in the key
refer to the following classification of lincaments. epicenters, boundaries
and intersections. Lineaments: 1,2 = first order; 3,4 = second order; 5.6 =
third order; 1, 3 and 5 longitudinal, 2, 4 and 6 are not expressed in topograp-
hy. 7, 8, 9 and 10 = epicenters, 11 = uncertain lineaments {covered by
sediments or sea). Intersections: 12 = recognized as D in the basic variant:
13 = recognized as uncertain in the basic variant; 14 = recognized as D in
the carthquake future experiment; 15 = not used because the intersections

.- are on the outer boundaries of the regions.
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Table 2
(continued)

YEAR |MON|{ DA | HO | MI | SE | LONG | LAT INT | MAG MAG
1835 10 12 12 139 25116 15 9.0 5.6 54
1836 4 24 23 15 39 40|16 45 9.0 5.6 54
1836 11 | 20 7130 40 0|15 45| 90| 56 5.3
1851 8 14 13 22 35 |41 01}15 40| 100 6.1 5.7
1854 2 12 | 17 | 30 39 20116 10| 90 5.6 5.4
1857 12 16 21 15 40 37|15 17 9.0 5.6 5.3
1857 12 16 21 18 40 17115 55| 10.0 6.1 5.7
1858 8 6 | 10 | 30 40 37115 17| 9.0 5.6 5.5
1870 10 4 116 | 55 39 17|16 174 10.0 6.1 5.8
1883 7 28 {1 20 | 25 40 45113 54| 9.0 5.6 5.0
1910 6 7 2 4 40 54115 27 9.5 58 53
1913 ) 28 8 | 53 2139 37|16 9| 9.0 5.6 5.3
1962 R 21 118 | 10 { 30 141 8f15 7| 9.0 5.6 5.8
1962 8 21 18 119 | 30 |41 8l15 737 9.0 5.6 5.8

M, M,
1980 11 23 L 18 | 34 1 54 140 55115 22 6.5 6.9
1984 5 7| 171 49 | 42 |41 46113 54 6.0 5.8
1984 5 11 10 41 50 141 50|13 58 5.4 52

Coordinates, time of occurrence, intensities and magnitudes of the events considered
in the region between latitudes of 30°N and 41°50'N in Italy (Apulia excluded). The
intensities are those reported in the ENEL Catalogue. The magnitudes of the events
until 1968 are those listed in the ENEL catalogue and estimated from the intensities
according to empirical formulae of Karnik (1969). The events occurred after 1962
have M, computed at Observatorio Geofisico of Trieste, while M_is taken from
Preliminary Determination of Epicenters Bulletin of U.S. Geological Survey lists.

first and the second event of all sequences is 75 years, or about 14% of the
total time since 1448; these periods will be called “alarm times”.

In Figure 2 one may see that there is no correlation between the number
of events in the sequence and their duration. One may also see in Figure 3
that there is no correlation between the number of events in a sequence and
the time to the preceeding or following sequence.

In 60% of the sequences (exceptions are those which began in the years
1638, 1688, 1731, 1870, 1910, 1980) the first event of the sequence is not that
with the largest intensity. All sequences except those which began in 1755
and 1962 include an event with intensity larger than IX. The average time
between the events with I = IX%: and the preceeding event is 11 years; the
average time to the following event is 10 years. Comparing these averages
with the average interval time of all the events, 12.5 years, one may infer
that there is no evidence for either the time- or slip-predictable models.

B ]



‘s1eak ul sy awily, “9ul| paysep ® Aq pa1esipul 318 saouanbas
JO 135 M3U SIY} O} yusunad asoys ‘Apydys 8ueyd L 91,1 Jo saw) [eAlIRIaIU] TRIVAE AU Ajuo ‘1aded a1 JO UOISNIOUOD Y} INE

g
- jou saop s20uanbas Jo 195 mau s jO UOISSNISIP ] ‘Kjpanoadsas gE9T pue L791 UO Suiuuidaq saouanbas om1 33 Funninsqns
& asuanbas 3y) paleaipul os|e st S13§2eIq U] -1oded ai) U1 passnasip pue Z 2QRL JO SIUIA3 3Y) Yynm poauio) sayenbyes jo saouanbag
& (65°2€) (se'8) (€9°¢) (Lo€)
5 ‘
7
> 10°1€ 00°L A 182 aferoay
=
o] i i SSh'E 3 6S€ V861
8 ‘1€ Y861 ‘9680861 X i"968°0861
2
: m. 8s7 8l 0000 0000 [4 8€9°7961°X1:8€9'7961' X1 8€9°7961-8¢9°7961
£
p- 8r1°6v LSU'E LSO€ [4 08P €161 X1 EpP 0161 % X1 06y £16T-€EF 0161
fm .
.m 8S8°9T £18'¢1 18?1 [4 GLG ERBT X1 T9L 0L81'X GLS €£881-T9L0L81
P .
2 ¢ol'Tl 8L6'9 116°¢ S £65°8581°X
£ ‘796°LS81X ‘796°LS8T X1
1Z20°bS8TX14619°1681°XI1 L65°8581-619°1681
1eL'vl 00801 wo'e 9 988°9¢81' X1 {51€°9€81°XI1
Jmh.mmmﬁvﬂmcwﬁmmwﬂx
060°8781°X1:880'9Z81' X1 888°9€81-880'9C81
816°0¢ 65€°6 6S€°6 [ 0LS SO81' %X 111T'96L1° X1 0L5°S081-T12°96L1
(sawak) saouanbas (sawak) asuanbas {(s1wak)auanbas | spIAA2
24A]55200N8 1§83 JO mOpuim Jouasd jo (aeak ‘Kysuaup)
usImizqden awyy Jo Yj3ua] | PuodIso)IWL] Jquny SjuaAg MOPULM AL,
m (ponunuo))

€ AqelL



1988 The forecast of the magnitude 5.8, May 7th 1984,... 111

6l - o
st « 0
at " o
3 o o - B M
2 » BO =@ ©DOO0 L o

n L 1 1 1 1 ! 1 |
o 10 30 50 70 100

YEARS

Figure 3. Number of events in each sequence as function of the interarrival time to
previous sequence (squares) or to the following sequence (crosses).

the density distribution n of the interarrival times of the events should be a
power law of the time. However, we know that the process of accumulation
of the energy for the next earthquake, begins before last occurrs. To take
into account both phenomena, we will tentatively add a constant c, to the
time t, to represent an average time elapsed from the beginning of the
accumulation of the stress until the new regime installed at/tﬂhp qprevious

earthquake. Then At e AT YT ,
R - T T

~ Y i .
LA B S . T .4

In(n) = a + b In(t + ¢) )

which implies that after each large earthquake, time has a new role depending
on the local geologic environment, (particularly the asperities), on the mechanism
of the earthquake which triggered the new energy accumulation regime, as
well as on the mechanism of the earthquake to be released.

The same could also be tentatively applied to the sequences of events,
considering them as bursts of earthquakes preparing for a successive burst,
although the mechanism involved would probably be different from that
triggering the single earthquakes.

Before discussing the fit of the three sets of data to equation (2), in order
to test the randomness of the data, we consider also the fit of the three sets
to the function representing the Poisson distribution
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T

12 . L 24 36 48 - 60

In{t+14.25)

Figure 3. Best fit of (2) (continuous line bottom Inn = —4.65—2.58 In (t + 14.25))
to the density distribution of the interarrival times of all events. The dashed
line is (3) with p = 13.1 interarrival time of events.

Since the average of the magnitudes estimated for each event considered
differ from 5.9 by at most 0.6, we may tentatively consider that the earthquakes
of the set have released energies of the same order of magnitude.

One may also check that there is no correlation between the intensity of
each earthquake and the time from the previous one in sets I and II: te same
applies to set 111, considering the correlation between the energy released in
each sequence and the time to the sequence preceeding it.

The results of the fit of the three sets of data to the three density distribu-

tions laws, shown in Table 4 and Fig. 4, 5, and 6 indicates that the law (2) °

always has the smallest o~ and is the closest to the data, which in turn seems
to indicate that the process of release of the elastic energy in this region,
through earthquakes of comparable order of magnitudes, is not random. The
o> of the fit of n,, and n., to set [ is relatively small and we could also infer
that the interval times of the sequences have a nearly exponential distribution.
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Figure 8. Cumulative distribution of the interarrival times between the first and the
second event (open circles) and between the second and the third events
(solid circles) in the sequences.

earthquakes of large regions: they may be the result of the sum of several
different non-exponential processes.

Since in no case was it possible to prove that a regional catalogue of large
events has an exponential distribution, it seems reasonable to consider that
sets I and II have density distribution represented by n, rather n.; or n.,, on
the basis of their g°.

We may thus suggest that it should be possible to predict the interval time
between the successive events in the sequences.

Figure 7 shows the average interval time between the successive events of
the sequence. It is clear that the events cluster towards the last one of each
sequence.

Figure 8 shows the cumulative distribution of the interval times between
the first and second events of each sequence and between the second and
third events of each sequence, which reflects a property of Fig. 7. This may
imply that each shock alters the distribution of stress, releasing it in the
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Michele Caputo

tensity I = X, which has some similarity with that of the Parkfield area, and
occurred in an area A of 140 km radius around the Messina Straits.

Concerning the intensisties [2X the catalogues of Italian earthquakes
are considered complete since 1550. Between 1550 and 1783, in the area A
Jround the Messina Straits there are 4earthquakes which seem randomly di-
scributed in time and the last occurred in 1693.

However beginning in 1783 there seems to be an almost regular pattern
of occurrence in which the events occur in sets of two or more in a limited
time interval T, each set being separared from the following by a time in-
terval T, much larger than the duration of the set as shown in figure 1.

The average value of T, is 5 yr with a standard deviation of 2.2 years
and that of T, is 35 yr with standard deviation of 7.5 yr.

The cumulative distribution with mean 1905 + 35 = 1940 and standard
deviation 7.5 is given by the t distribution with two degrees of freedom and
implies that the following sequence had 3.2% probability to occur after the
vears 1993 and 3.0% probability to occur after the year 2000.

Since no earthquake with intensity I=1X occurred in the area A unril
1993, it is reasonable to assume that the regularity presumed between 1783
and 1908 has ceased and that another regime of energy release may have
begun.

The same hvpothesis may be considered also for the Parkfield sequence.
The tectonic energy which accumulates in that area will eventually be relea-
sed, howepver it is difficult to estimate when a new pattern of regularity will
possibly be established because at the moment have been studied only the se-
quence of Parkfield and that of the Messina Strait and the larter indicates that
the setting of a new pattern of events occurring at regular intervals may take
more than 230 yeras as was the length of the quiesence before the pattern be-
gun in 1783.

Abstract. Great attention has been given to the 6 moderate {M > 6) earthqua-
kes sequence which occured at Parkfield (California)} about one every 20
years. It was noted that this regularity implied that a moderate earthquake
should occur no later than March 1992. With a new hypothesis Savage (1993)
estimates that there is a 9% probability that the next event occurs after
1993.0 and 59 probability that it occurs after 1996.0. However there is also
the hypothesis that the regularity of the sequence of 6 earthquakes is limited
in time. We present here a set of & sequences of earthquakes with intensity
I=X, similar to that of the Pakfield area, occurred around the Messina
Straits, began in 1783 and ended in 1908. It is estimated that the following
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