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ABSTRACT

Research on properties of aftershock sequences has been carried out here,
~in the light of new data. Aftershock seguences, with magnitudes of the main
shock M >7.0, globally distributed during the time span 1964-1986 are taken
into account. Relation between the magnitude of the main shock and the number
- of the following aftershocks has been found, as well as between the ratio of
_l'.he afrershocks energy to the energy of the main shock against the main shock
‘has been derived. The latter depends on the geotectonic conditions in the
seismic region. The spatial distribution of the seismic moment release, in the
circum-Pacific belt, can provide information about the mechanical properties
in the focal region.

ZYNOWH

OL L8LOTNTEC TWV PETUOE LOUNLKOV OKOAOUBLOV UEAETOVINL OTnV Epyoaoia auth,
oUppuve pE Ta nhfov npoéopota dedopfva, Iia tov orkond auid enclepydofnrav
PETQOELOPLKEG OXOAOUBIEC peEyEAOV OFLOPOV, Mg PEyeBOC TOU KUPLOU TELJUOU
M>7.0, nmou fyivoav ge O6An 1n I'm ko1& 10 xpovikd Si&otnua 1964-1986. Bpédnxav
- O)EOELC, PETUEU TOU PEYEBOUC TOU KUPLOU CFLOUOU KoL TOU Gpl8HUoU 1wy PETUOE Lophy,
KoOOC kol petady TOU KUPLOU OFLOPOU KL TOU AOYOU NG EVEPQYELXC TWY PETOOE LOROY
NEOC 1MV EVEPYE LN TOU KUPLOU O£ Louovu. O Adyog autdg efuptdtal and 10 YELIEXTIOVLIKO
nepLf&Aiov 1o df lopoydvou xepou. H xupixh xatoavopf 1ng oei1opiLxAg peonfig, otnv
Deprewpnvikf {dvn, pnepel va Q081 NANPOPOPILES Yix Ti¢ UNYovikEg 1816tnTeEg ToOU
e0T LaKOU Xdpou.

INTRODUCTION

A large amount of the residual seismic energy, caused by the heterogeneity
of the fecal region, is released by the aftershocks.

Aftershock sequences are sources of information about earthquake nucleation
and the physical properties of the materials in the fault zone (Benioff 1951,
Utsu 1961, Mogi 1963, Scholz 1968, Dieterich 1986, Frohlich 1987). The
tectonic setting and the mode of faulting are factors other than the fault
surface properties that might control the behaviour of the sequences (Kisslinger
and Jones 1991). Chracteristics of sequences that may provide useful information
are the spatial distribution, the total number of aftershocks, and the rate
with which the sequence decays with time. Also the seismic moment which is
released through the aftershocks can be used to investigated some properties
of the Earth’'s material in the aftershock region.

A large number of studies which focus on the properties of aftershock
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seguences Have beén pw;_:]‘:igq.qck futsu 1961, 1969, Papazachos et al. 1967, Page

' 1968, Ramalli 1969, ‘Papazachos 1974, Tsapanos 1990a, 1992).

T_Ju_q‘pqti'pgsa:of ithe present.worksis to=study Some properties of the aftershock

sequences globaliy distributed. On the other hand emphasis is given in the

cfﬁcumipacifit belt which™is the 'most Séismically active system of the world.

THE DATA, SET

:Reéeqtly‘Tsapanos et al. (1990] constructed*@ global complete and homogeneous
catalogue with magnitddes M >5.5 coverimg the time period 1897-1986. The
meth®d used té obtain”the completeness of thHe data of this catalogue has been
described elsewhere (Papazachosret aly 1990, Tsapancs 1990b) . This catalogue
is very recently improved by considering the magnitudes given by Pacheco and
Sykes (1992). This revised catalogue is used in the present work. For lower
magnitudes the monthly bulletins of the I.5.C., have been used as well. The
examined number of the aftershock segquences is 184 and they occurred in the
time span 1964-1986. Only shallow earthquakes with magnitudes of their main
shock M >7.0 are taken into account, which are (main shocks and aftershocks)
quantified on the surface wave magnitude scale.

An sarthguake is considered to be an aftershock if it occurs within 100 days
after the main shock and its location is within a distance L (Km} from the
epicenter of the main shock. L is the dimension of the aftershock area and is
related to the surface wave magnitude of the main shock by the empirical
formula (L=0.5M -1.8 in Km) given by Utsu (1969). Recently Tajima and Kanamori:
(1985) suggested that the aftershocks of the large shocks may extend to 1 year.
In view of this, we examine the properties of the aftershock sequences, taken
into account the aftershocks which were occurred 1 year after the main shock.

DEPENDENCE OF THE NUMBER OF AFTERSHOCKS ON THE MAGNITUDE OF MAIN SHOCK

It is well known that the number of the aftershocks increases with the
magnitude of the main shock and is also known the great influence that the
focal depth plays on the number of earthguakes. Papazachos et al. (1967)
suggested the number of aftershocks depends on the properties of the materials
in the aftershock region and on the distribution of the applied stress. On the
other hand Mogi (1969) propesed that in regions of complex tectonics, where
there a.e many weak points, earthguakes have more aftershocks than elsewhere.
The number of aftershocks characterizes the seguence kbecause this number is
related to the tectonic structure and is simply determined parameter (Olsson
1972} . Singh and Suarez (1988) found that the number of aftershocks correlates
with the degree of coupling on the plate interface.

Relations between the main shock and the number of aftershocks have been
derived Ly many scientists (Mogi 1967, Papazachos et al. 1967, Utsu 1970,
Clsson 1979) among others. In the present study the aftershocks, of each
individual seguence, with magnitudes M >4.0 are extracted from the above
referred catalogues. The parameters a andb (of the Gutenberg and Richter law)
are computed for each seguence. We observed that the data used were not
complete for the same magnitude threshold for all the sequences, due te many
factors (i.e. the local seismotectonic conditions, etc.), denoting the lack of
the aftershock data. In order to avoid this, we estimated the mean b value from
all the sequences, as well as its ¢ (standard deviation). Then the less
reliable estimations, which are out of the range +20, were omitted. We
repeated this procedure until the omitted b-values were about the 10% of the
total estimations. This erasure did not affect to the accuracy of the results,
The finally obtained b value is equal to 1.00{+0.24). In figure (1) we can see
the statistical distribution of the parameter b.
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Uth constant this b value, we
recalculated the a value and also
the number of aftershocks which
have @ minimum magnitude M=4.0 for
each one of the aftershock se-
gquences. Then we calculated the
mean number of aftershocks and its
legarithm, corresponding to each
‘magnitude (i.e. we calculated the
‘mean number of aftershocks of the
all the main shocks with M =7.0,
M=7.1, M=7.2, etc.}. In figure
(2) the distribution of the loga-
rithm of the mean number of after-
The frequency distriburior of the Shocks against the corresponding
b-values. main shock magnitude is illus-
trated. The derived relationship

logN, = -3.23(x0.68) + 0.75(x0.09)M (1)

with standard deviation 0.12 and correlation coefficient 0.93.

Comparable values for Greece was found by Papazachos (see in Papazachos and
‘apazachou 1989) . There is also an appearance of a relation between the size
f aftershock sequences and seismic moment release rates (Davis and Frohlich
;__991) ., suggesting that large aftershock seguences occur where there is a high
"egree of seismic coupling between plates (Peterson and Seno 1984).

3900 5 DISTRIBUTION OF THE RATIO OF THE ENERGY OF
THE AFTERSHOCKS TO THE ENERGY OF THE MAIN

SHOCK
The logarithm of the ratio, r, of the en-
ergy which is released through aftershocks to
. the energy of the main shock varies with the
f{{ inhomogeneity of the rocks in the focal re-
//- gion (Papazachos 1973}. This gquantity has
P high values in regions of high inhomogeneity,
while in regions with great homogeneity the
corresponding values are low. In order to be
= ST able to examine this ratio, a computer pro-
MAGNITUDE gram compiled by Karakaisis (1988) is used.
This program needs as an input the magnitude
2: Relationship between of the main shock, the parameters a and b of
the logarithm of the the known formula of Gutenberg-Richter {(1944)
mean number of after- and the lower considered magnitude of the
shocks against the ,frershocks. It allow us not only to assess
CorrESpom.hng MaL™  the released energy of the estimated after-
! shock magnitude. .
; shocks (magnitude threshold =4.0), but it
also calculates (through Gutenberg-Richter relation) the assumed energy if all
aftershocks with magnitudes 20.0 could be recorded. Then calculates the
Jogarithm of the assumed energy released, the logarithm of the energy of the
corresponding main shock and conseguently the quantity logr. In figure (3} we
plotted the logr versus the magnitude of the main shock M_. The graph indicate
that this quantity shows weak dependence on the magnitude of the main shock.
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Fig. 3: The weak dependence of
the ratio, legr, af rthe
energy of the after-
shocks to the energy
of the main shock, on
the magnitude of the
main shock,

bution presents also the distribution of the stresses and is in gquite good
correlation with the distribution of the b-values (Tsapanos 1990bk) around the

Fig. 4:

The spatial distribution of
belt.
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We can Nai_erve that the global data con-
firmed the conclusion of Papazachos (1973),
about the independence or the weak depend-
ence.of 'the logr on the magnitude of the main
shogk, for the Greek aftershock seguences.
In figure (4) we can see the spatial distri-
bution of the logr in the circum-Pacific
bélt. Here the values of the quantirty logr
have been' plorted at the epicenters of the
main shocks. If the logr depends mainly on
thevdegreenof homogeneity of the material,
then figure (4) represents the geographical
distribution of the degree of homogeneity of
the crustal material in the circum-Pacific
kelt. The conclusions about the distribution
of homogeneity aobtained from the logr, are
in good agreement with previous cnes deduced
by the application of different method
(Tsapanos 1990b). The logr also depends on
the stress distribution. Hence, its distri-

the guantity logr, in the circum-Pacufi
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Fig. 5: The spatial distribution of the logarithm of the seismic moment
release in the circum-Pacific.

Pacific, which shows low values in the eastern Pacific (American plate) and
high values in its western part.

SEISMIC MOMENT RELEASE IN THE CIRCUM-PACIFIC BELT

The seismic moment describes the “size* of the earthguakes and is a
undamental parameter which controls the static aspects of them. The seismic
ment released through the aftershocks of a seismic sequence was calculated
r each one of the 184 examined aftershock sequences using the Molnar’s (1979)
rmulation. In figure (5) well-defined zones of the logarithm of the seismic
moment release are presented, in the circum-Pacific belt. High values of
‘seismic moment release, represent high seismic energy release and consequently
large number of aftershocks.

Values which covered the whole range of the seismic moment release (24.5-
27.0} are illustrated in the western Pacific, while low and intermediate
{24.50-26.0) values are presented in the eastern Pacific. This means relative
large number of aftershocks occurred in the western Pacific, than in the
stern part. Same results for these twe parts of the Pacific are found by
Singh and Suarez (1988).

. They interpreted it that the degree of coupling controls the scale length
of the heterogeneities present on the plate interface: strong coupling results
in fewer heterogeneities, whereas a large number of heterogeneities exist in
‘regions of weak coupling.

In details, low values are indicated in the place where Nazca underthrusts
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«“pmerican plate, asd well“as the"intraplate shoct in the inland of Colombia and

Venezuelai! Ancmalously low values are shewn in offshore of Jalisco region
(Mexi o) / Samé valuesg are illusfrated in the Idaho, Oregon and Washington
states. arid-at -the north part of British«Columbia (W. Canada). Relative high
values‘are demostrated only in the central part of Chile. Generally, in this
Plage of Pacifilc’we can(mbr| ¢bserve Eharp changes in the seismic moment release
arnd Lons$quent1y large areas exhlblt almostgsconstant moment release values.
This. €an be lnherpxeted by the existance of large areas having the same
hofmegéneity- in the c¢rustal materials.#/From| the British Columbia to the
‘Aleutian islands the seismic¢ moment release is gradually going from low to high
values. From the Aleutian islands te the Kamchatka peninsula the opposite
situation exists.

The highest values in the western Pacific are presented in the northern part
of Honshu island, Sumbava and Flores islands, and the New Britain island. High
values are shown in New Hebrides, Sclomon and Halmahera islands. Low values are
illustrated in the south of New Guinea, Kyushu and Riu-Kiu islands, Philip-
pines islands and in the back-arc of Marianas trench. Abrubt changes in the
values of the seismic moment release are demostrated throughcout this part of
Pacific. This mayhe indicates a multifracture area with high degree of
heterogeneity.

CONCLUSIONS

The most reliable data of aftershock sequences globally distribured are
examined in the present study. Empirical relations, which maybe useful in any
study of aftershock hazard, are derived. We found a relation between the number
of the aftershocks, released in an aftershock sequence, and the magnitude of
the main shock. The obtained results are in very good agreement with previous
ones estimated for Greece by Papazachos. The distribution, of the ratio of the
energy of the aftershocks to the energy of the main shock, shows weak
dependence on the magnitude of the main shock. Its spatial distribution in the
circum-Pacific belt reveals the distribution of the homogeneity of the crustal
material, as well as the distributions of the stresses which prevail, in the
most seismically active zone of the world. Finally the cbtained results from
the distribution of the seismic moment, released by the aftershocks, in the
circum-Pacific belt strongly supports the previous obtained results.
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