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ABSTRACT

We present a method that greatly improves the precision of
the estimated P and S waves relative differential times using
doublets or triplets microearthquake analysis. The differential
times are estimated in time domain using a cross correlation
method and then they are compared to those obtained by a standard
picking method. The remaining residuals are of the order of 8msec
which is approximately 4 times or more the calculated residuals
obtained by the standard method. The high resolution of the
hypocentral determination and the similarity of the events could
be applied on the geometry estimation of the fault plane and the
directivity of the earthquake rupture.
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OEPIAHYH

ZTn MHeAETN QLT TMAPOLGLATOVTAL TA TPWTA ANOTEAEOUQAT
LTOAOYLOHOU Twv Xpovwv dpLing Twv HLPuETwV P nalL S pe UeydAn
axpiPera xpnoilpomolwviag Tn WEBodo 1Tng eTepoouo)X€TLOng Hal
bedop€va BLHLUWY TeLopdY. OL Tetpég T LOULHWY BoviioEwy TwV oTolwv
Ol HULUATOUOPPESG elval TxeddSv SuoLeg epunvebovVTAL gav yeEYovSTa TTOL
mpogpxovtatl amd To {dLo celoutxd privua mnat ovoupdfovrtatl &ldupol
oeilapol .

Ipoxelpévou va dlomioTwdel 1 OUOLSTNTA TWV HUUATOUOPPWY
naBug eniong uaL o mpoadiopLopdsg Twy dLagop Ly Xpdvwv dpLEng Twv
nopdtTwy P ouat S, epopupdletal N UEBodog TNg eTEPOCLOXETLANG
XPNOLUOTOLWVTOG gav ®UPLO YEYOVSG Hia oetoptnri dévnon tng omoiag
To eminevipo umopel va mpoagdiopLolei pe axpiPelra. OL dragopixol
XxpévoL vToAoY (ToVTaLl HE HEYAAN axpifeia HETU O €VA TTPOETLAEYHEVOD
®1vnTd TMapdbupo. H ug€Bodog autr &ivel tn duvatdtnta pocd L op Lopod
TOU EMLHEVTPOL HE TLOXVSTNTA TPAAPATOG HEP LMWV dexnddwv p€tpwv
ASYWw CUOXETLOHOU TwWV HOPLEWY TNG HUHATOUOPPHG.

H mapandvw pEBoSOG epapudoTnxe He emLTLXiA Je  PneLaxd
dedopuéva Touv maTaypdenmav oTnv  TiepLoxy Pilouv-Avtippiov. H
XpnotLpomoinon Tng mMPoTe L vdlevns HeBSdou, yYia Tov TPoodLoplond Twv
ETLHEVTIPWY, €XEl OQV QMOTEAETUA TU LMOAOY(OLHO XPpOovixdE LTEAO LTI
va eivat MOAL pixpdTepa amé auTE TNg ®Aaooinig pedddou. Me TO
TPOTO quTS TMPoabLopliTeTAL N XWPLHE MATAVOUR TNG TELauLMig TNYHS
nade nat to emimedo Sidppning oe ocvvbuaopd pe To UNXavVLIouS
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YEVEONG Tou UOPLOL YeYOVSTOG.

INTRODUCTION

During the summer of 1991, a dense network of 60 portable
digital seismographs was installed for a period of two months
{(July-August), in the western part of the gulf of Corinth, around
the Rio-Antirrio and Aigion region (Greece), and recorded over
5000 events. From this databank we selected a part of
microearthquakes containing seismic doublet or triplet signals
occurred during the month of July. The seismic activity occurred
principally between 0-15km depth and the seismicity appears to
be diffused in this region (Rigo et al., 1993). The epicentral
locations were computed with the HYPO71 program with an
appropriate velocity model and a Vp/Vs ratio 1.80 using Chatelain
method. This data set was used to study the resolution power of
the cross correlation method for the differential time estimation
between the events.

Similar microearthquake recordings are called "doublets" or
"triplets" because they are characterised by very similar
waveforms. Geller and Mueller (1980} have postulated that these
recordings are the expression of the stress release on the same
part of the fault. In this case, the source process and the
medium properties must be identical (Poupinet et al., 1984).
Using doublet analysis, temporal variations could be studied to
determine the crustal properties (Got et al., 1990) or spatial
variations to determine the earthquake process (Scherbaum and
Wendler, 1986; Augliera et al., 1992). In this paper we present
preliminary results of the spatial variation doublet analysis in
order to study the earthquake process and the geometry estimation
of the fault plane.

ANALYSIS METHOD AND RESULTS

Figure la shows a typical triplet seismogram recorded on one
trace. To process these signals we divided the whole seismogram
in three parts by a moving window technique, in order to obtain
three individual traces A, B and C (figure 1b). The first
microearthquake {event A) was chosen as a master event, located
by the use of standard method (the arrival times of P and S waves
are estimated by picking and the hypocentre location is estimated
by the BYPO71 program). For each time step and for every pair of
events, the cross-correlation function was calculated, 1n time
domain, for the estimation of the traces similarity and the
determination of each trace the time delay with respect to the
master event.

The cross-correlation is a measure of the similarity between
two traces. One trace 1s shifted step by step with respect to the
second one and the corresponding values of the two traces are
multiplied together. Then the products are summed to give the
value of the cross-correlation. The cross-correlation of two data
sets x(t) and y(t) is defined as:
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where v is the displacement of the y(t) relative to x(t}. When
the two traces are nearly the same the products will usually be
positive (by moving the second trace to the left with respect
to the first trace} and hence the cross-correlation becomes
large. When the two traces are not similar, some of the products
will be positive and some of them negative, and hence the sum
will become small. In this work the cross-correlation function
is normalised in order to define the maximum values between +1
and -1 {+1 indicates identical traces and -1 indicates that one
of the traces is inverted). In this case the normalised cross-
correlation is defined as:
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where (DXX(O):Exﬁ, and <I>yy(0)=2y§
n n

The analysis was applied on a limited part of the signal
(few seconds) around the selected seismic phase (P or S). In
figure lc we indicate by "win" the duration in seconds of the
selected window of the signal. The selected part of the signal
was shifted step by step with respect to the master one and the
maximum of the correlation function defines the similarity of the
traces versus the time delay (figure 1d).

This method is very important for small epicentral distance
(the S-phase is contaminated by P-wave coda) or when the traces
are noised. The time delay between the two events is usually
determined with a precision comparable to the sampling rate. It
is possible to overcome this restriction by the application of
an interpolation between the cross-correlation values. With this
technique, the time precision is significantly better than the
digitisation rate (Poupinet et al., 1984).

Using standard techniques for phase readings we calculate
the hypocentres of the events A, B and C (the event A has been
located using five P and four S phases; the event B with three
P and three S phases; the event C with six P and six S phases).
The spatial distribution of the hypocentres shows no evidence of
align clustering and the travel time residuals, calculated be
HYPO71, in some cases are dgreater than 0.10 sec. These results
may be attributed to the velocity structure, to the noise or to
the anisotropic effects (the Sn and Se arrival times are not
identical).

Considering the event A as a master event, we have performed
the determination of the arrival times P and S for the events B
and C, by the cross-correlation method, using three available
digital stations (ELAI, PANO, MALA). To calculate the arrival
times P and S for each station we add the differential time,
estimated by the cross-correlation method, to the corresponding
arrival time of the master event. Then the events B and C have
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been relocated with respect to the master event. The time
differences presented in Table 1 are minimum because we have
chosen the S arrival times of the eastern component (which is
faster than the northern one) thus they are closer to the values
calculated by the cross~correlation method.

Table 1. The arrival time of P and S waves using standard methods
and cross correlation method is indicated, for each event.

Arriwval Times
Station Standard Cross-Correlation
P S P S
ELAI event A 910718 06:36 39.54 41.38 39.54 41.38
event B 60.95 62.58 60.95 62.79
event C 80.27 82.13 80.29 82.13
PANO event A 39.98 42,24 39.98 42.24
event B 61.40 63.67 61.38 63.64
event C 80.73 83.02 80.73 83.00
MALA event A 40.70 43.36 40.70 43.36
event B 62.16 64.88 62.11 64.77
event C 81.44 84.15 81.46 84.13

The above methodology was applied on five events. Figure 2a
presents the location of these events as well as the epicentre
of the master event and the corresponding focal mechanism which
represents normal fault trending E-W. Figure 2b shows the
vertical cross section across the cluster striking in N10°
direction. The spatial distribution of the hypocentres shows
clearly a plane dipping to the north direction at an angle of
about 60°. The nodal planes of the fault plane solution are
striking in E-W direction. According to the spatial distribution
of the triplets we conclude that the most probable fault plane
is the plane striking NE-SW and dipping to the north. As far as
the source propagation is concerned there is no evidence of the
directivity of the earthquake process observed in this
application.

CONCLUSIONS

The analysis of the seismological data collected during the
summer 1991, shows that the main seismic activity is around the
city of Aigion (Rigo et al., 1993). Cross-sections across this
cluster, where the seismicity and the focal mechanism are
projected on the vertical plane, shows no clear structure in this
region. This fact provides the necessity to apply more power
techniques in order to identify the active parts of the faults.
The cross correlation method of the doublet analysis can provide
seismic readings of a high precision and the recognition of the
events similarity can be proved by the normalised cross-
correlation.
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Applying this method it becomes possible to determine the
spatial distribution geometry and then to discriminate the active
part of a fault as well as the fault plane from the auxiliary of
the focal mechanism. Finally, this method can be used to
determine the source propagation or to recognise different
clusters in a seismic area.
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