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Chaotic dynamics in Parkfield region, California and characteristics earthquakes
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ABSTRAl.•. Based on about750Q0 earthquakes in (heCalifornia region detected through Parkfield network during
tbe years 1%9· 1987. theoccurrence of chaos wasexamined bytwodifferentapproaches. namely. strange attractor dimension
and theLyapunov expooem. 'The strange attractor dimension was found as 6.3 in this region suggesting atleast 7 parameters
forearthquake pl"edieubilily . Small positive Lyapuoc v exponent of 0.045 provided further evidence fordetermi nistic chaos
in the region which showed strong dependence on lhc: initial conditions. Implications of chaoticdynamics on characteristic
Parkfield eertbquckes has been discussed. Tbe strange anractor dimension in lhe region could be: representative for the
Trans form type of plate boundary which is lower lhan thai reported forcontinentcollision type of plate boundary which is
lower than thai reported forcontinent collision type of plate boundary nearHindukush northwest Himalayanregion.
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I. Int roducti on

Parkfield. Ca lifornia region is considered 10 be one of
the most interesting zones in the worlddue to (he recurrence
o f moderate size charac teristic ear thquakes (Bakun and Mc
Evilly. 1984) repealing the same epicentre, magnitude, se is­
mic moment, rupture area and southeastdirectionof rupture
expansio n suggesting a strictly periodic process. On the

bas is of this model and absence of any ear thquake since
1966. the next charac teristic Park field earth quake was pre­
dicted to occ ur betw een 1983 and 1993. Thi s prediction did

not materialise. Due to different inter-event intervals of 12
and 32 years between 1922. 1934 and 1966 Parkfield earth­
quakes, their occurrence appear> to be more com plex than
orig inally envisaged.

Recent developments in chaos theory enable us to ex­
amine pred ictab ility of eart hquakes in this region . Alth ough

(99 )

Horow itz ( 1989) and Jul ian (1990) reported that a strange

attrac tor exisis in the Parkfield region of California. but

Beltrami and Mareschal ( 1993) did not find any evidence of

a chaotic process in the region through generation of a

random series using seismic energy release of earthquake.

They sugges ted that the occurrence of earth quakes in this

region is random orhada strange attrac tor dimension larger

than 12 implying inherent limitati ons in evolv ing a pred ic­

tive model. In view of these contradictory resul ts, the objec­

tive of this paper is to exam ine earthquake predictability

using two different approaches namely Lyapunov exponent

and strange attra ctor dimension. The results being repre­

sentative of a Iransfonn type plate boundary near San An ­

dreas fault. have been compared with the co llisio n type

boundary near Indian Eurasia n plates.
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