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{« THE PYRGOS (MARCH 26, 1993; Mg = 5.2) EARTHQUAKE
' ﬁqrm:ncz AS (IT WAS RECORDED BY THE PATRAS SEISMIC
NETWORK

N. Melis”, G. Tselentis” and E. Sokos”

ABSTRACT

- The Pyrgos earthquake occurred on March 26, 1993 (Mg=5.2). The earthquake
sequence devastated an area of about 15km arcund the city of Pyrgos. This study
presents the earthquake sequence as it was recorded by the newly established
permanent Patras Seismic Network, which is based at the University of Patras
Seismological Centre. All events of magnitude greater than 2.8 ML are well-
‘located and they are included in the present analysis. The main part of the
 seismic activity is observed East of the city of Pyrgos defining almost a N-
S trend. A fault plane solution reported for the main event denotes sinistral
 strike-slip movement on a fault plane with a NW-SE trend. The epicentre
location lies East of the Epitalio fault zone which is an extensional tectonic
feature of similar trend.

_ LYNOWH
0 oeiwopbdbc tou MUpyou Ehafe yopoa ot11g 26 Mapiiou 1993 (MS=5.2). Ou Inuiég
EMEXT&ONKaY Of plo neproxh neplinov 15km yUpw and 1nv ndhn tou NUpyou. H napolox
PEAETN moapouotGlel 1NV CELOPLKA akohoubla Onwg koataypdenke and 10 npdopoata
EYKOXTEOTNHEVO péVIpe geltoptkd dixtuo tou Mavenioinpiovu 1ng Métpag, 10 onolio
Exel 1nv Béon 1ou 010 Lelopochoyikd Kévipo tou MNavenwatnuiou Métpac. OAol ol
ofiopol pe Tomikd péyebog peyarliepo Tev 2.8 Piyxtep npoodioplobnrav pe HEydAn
akpiPela KoL ovpnepliopfdvovial oinv nopovox aviiuon. To kipio pépog 1n¢
gelopLkic Spooinpléiniag nopatnehAénke oto Avatohikd& 1ng ndéing tou lupyou,
SLapoppivoviag JLevByuvon neplinmovu B-N. H eniAvon £0TLaxoU unxov LOPoU mnou
oavapEpETal yia Tov Kupiwg cgetopd Sewxvietr defibéorpopn optldévtia xivnon oe
eninedo Sidppning pe dLevBuvon BA-NA., To enikevipo nmpoodiopiletal AVaTohLKG
INC poyHatoyevoUug (ovng tou Emitaiiou, n omola £ivol KavoviKoU TEKTOVIKOU
xapaktipa pe tnv (dta dLeyBuvon.

INTRODUCTION
On March 26, 1993 an earthquake sequence with main shock of magnitude 5.2
. MS occurred towards the southeastern end of the city of Pyrgos (Fig 1). Prior
to the main shock there were three foreshocks. The first with magnitude 4.9 Mg
occurred 33min prior to the main shock and its location was north just cutside
the city. The second with magnitude 2.9 Mg occurred 1lmin prior to the main
event and the third with magnitude 4.3 Mg occurred Zmin prior to the main event
and its location was at the northwestern end of the city.
In this paper, the time, magnitude and space distribution of the aftershock
sequence is presented. Events with local magnitude greater than 2.8 M, are
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Fig. 1:rﬁ"he seismogram for the Pyrage
"main shock, as it was records
at the Nafpaktos INAYL)D
outstation of the Patras Seismic
‘Network. The numbers denote the
M. magnitudes of the events
rresented in this seismogram
(two foreshocks, the main shocks
and one aftcrshock). |

Ex. 1. To OF(OudYOOUUD TOU OELOHOD 10U
NMboyou, OGNWS KATGYOSPNKE O1OM
neplpeciond a1afpd g Noundxtod
(HAY1). To wvougroo Seixvouv 14
WEyi
AQOOUTII{oVitl J10 CE&i1oudyoauHa
(0o naoacgELougoL, o Kupiwe
JELOUOE kXL Evog HETGOE LOUGGLS

(U
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well-located and included in the analysis. These were recorded by the Patr
Seismic Network which operates in the major region of western Greece.

THE PATRAS SEISMIC NETWORK
The Patras Seismic Network (hersafter PATNET) is a microearthquake network
based at the University of Patras Seismoclogica
Centre. PATNET is covering at the moment {
T whole area of Western Greece with the Akarnanik
station to the furthest north point, the Filiat
| station to the furthest south, the Zakynthos station
to the furthest west and the Derveni station
the furthest east (Fig 2). It consists of &

& e short period cutstations, each with one verti__
=4 component (1Hz)} seismometer operating at 60
dynamic range and in a low noise environment.
il signals are radiolinked via FM subcarriers to

central recording site at the University of Patra
where a three component {one vertical and
horizontal on E-W and N-S directions (1B
Fig. 2: The present station gseismometers) station exists. There, each cha

distribution of the gsignal is antialias filtered with a 30Hz Butte

Patrask _Selsmic .4 pass filter, sampled at 100Hz and conver
b g A ) to digital form with a resolution of 3Zbits.
Eyx. 2: H napovoo &udtain

T ‘The §TA/LTA technigue is employed for ev
xo0uU Aixtvou 1oy Criggering. All events then are processed
Moventotnpiou tnc located following the procedure which is descr
&t pacg . later on.

THE PYRGOS AREA

In the present study, as Pyrgos area is named the area including the cit
of Pyrgos, western Greece, and the adjacent area of a radius approximately 15
around the city. The neotectonics of this area are characterized by threem
trends of normal faulting (Fig. 3) which started taking place in Middle-U
Miocene (Lekkas et al. 1292} . These have been taken from the neotectonic s
of Lekkas et al. (1992) and can be classified as follows:

a) The NW-SE trend characterizes the faults in the localities of Epitall
{SSE of the city of Pyrgos), Alfeiousa (SE of the city), Flokas (E of the city
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P '-.L"_-'-I-JHKLJI{IHH guAAoyn O
. 1 =~ LN = | ‘ectonics of the Pyrgos area
T (afver Lekkas et al, 1992). Py:
Ep: Epitalio, Al:
. Fl: Flokas, Pr: Prasino,
yarvasaina, Co: Colirio, GSk:
rochori, Vo: Vounargo, St: S5t
Pa: Panopoulou.

KlIOoVIKL tn¢ HNeEglLoxAc 10v
lano tTowug AEREKOG KO
worres 1992). Pv: MMuecyog, Ep:

Al: Ahgelovoa, Fl:

A o C Pr: Nodaivo, Va:

Bool3édocorvoa, Co: KaAioilao, Sk:

T T e Vet e I Lkouvooywotl, Vo: Bolvooyo, SL:
hyviog lwiwupeg, Pa: Novénocukou.

Prasinc (N of the city). This main zone of NW-5E trend can be called the
talio fault zone, as the fault of the Epitalic locality is the greatest in
jth and dominates the neotectonics of this zone. This trend can also be
as the dominant zone of faulting which exists at the city of Pyrgos. The
italio fault is also the SW bound of the major Pyrgos basin with the
opoulou fault as the NE bound respectively.

} The E-W trend characterizes the faults in the localities of Alfeiocusa,
asaina and Colirio te the West and Skourochori to the East of the city of
s. This fault zone of E-W trend is called the Alfeios fault zone, because
s of the same direction as the Alfeios river to the South of the city of
0S.

z) The NE-SW trend characterizes the faults in rthe localities of Vounargon
St.John, North of the city of Pyrgos, and is called the Vounargon fault
, a8 the Vounargon fault dominates the entire zone and is the greatest in

t is important to note that these three major fault trends coexist at the
ty of Pyrges, where they all seem to converge. It is also of a great
portance that strike-slip movement on the NE-SW and NW-SE trending faults
s not been reported. To the contrary, strike-slip movement has been reported
the E-W trend faulting which dominates the area East of the city of Pyrgos.
‘is also important to note that the NW-SE faults do cut the E-W faults and
is possible to consider also scome small strike-slip component cn them
kkas et al. 1992). This could be important in order to combining and linking
e trends with the E-W trending normal faults to "he west and east of the

 EVENT LOCATION PROCEDURE
- For the event location and magnitude calculation tha HYFO71PC (Lee and Lahr
5; Lee and Valdes 1985} computer program was used. The locations accepted
e allowed an errcr less than Skm on both epicentre and focal depth
ations, and a RMS of travel time residuals less than 0.15.
To succeed these results on event locations, there was performed an exhaustive
al on various velocity models suggested by other microearthquake studies in
s area and adjacent regions (e.g. Melis 1986, Pedotti 1988} in cocperation
well known models for the RAegean area (e.g. Makris 1977, Panagictopoulos
Papazachos 1985). These models were used with events with well known
icentre and focal depth, as they were reported by the USGS (taken from the
thly listing of NEIC) and the National Observatory of Athens (monthly
letins}). In addition, these events were well recorded at all six operating
WnoiakA BiBAiIoBNkn "OedppacTtog” - TuAua Mewloyiag. A.MN.O.
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/ BATNET stﬂmiiﬁsfﬂnetn'iﬁﬁtmﬁdﬁlng the Pyrioi earthquake sequence only

stations numbered 1 to 6 wére fully operating), with a clear P-arrival and &
agouracy {at the Fime of whe earthguake)j endugh to measure S-arrival. The £
velocity model used for the area of Pyrgos is shown in Table 1. This model g
tHe smalldsr RMS values on the evénts selected.

’ Then, all the recorded events by at le
Table” '1:The b e 1c- Ty nade ] five of the PATNET stations were located us
Pised for fimalgevent Uhis velocifiimodel. The station delays wh
locat ion were suggésted by this run, were incorpora

2

to a final run and these location were finalll
I _P_—in_alocity i Il — accepted. Their epicentre distribution is shou
(km/sec) (km) in Fig 4. i
5 0.0 The magnitude which is reported for all th
6.0 5.0 events is the local magnitude M| calculal
6.4 17.0 from total signal duration. The computat:
79 40.0C was also done by HYPO71PC using the fo

defined by Lee et al. (1%72) in conjunc
with the procedure described in Melis et al. (1989) in order to define £
constant parameters. Thus, the following equation derived was used:

M= 2.31 Log(T) + 0.0012 D + ¢

where T is the signal duration, D is the epicentral distance in km and
constant different for each station. The constant ¢ was calculated in a I
squares sense using 10 events which had been assigned local magnitude ML
National Observatory of Athens. Thus, the above equation was calibrated a
PATNET stations for the local magnitude reported by the National Observa
of Athens. The result is that the local magnitude calculated for the e
recorded in the Pyrgos area is similar to the Athens local magnitude.

THE PYRGOS EARTHQUAKE SEQUENCE

The epicentral distribution of events, which were recorded by PATNET
that during the Pyrgos earthquake sequence only the stations numbered 1
were fully operating) and located following the above described proce
shown in Fig 5. It can be seen that the area to the East of the city of
is the area with the vast number of events occurred. Fig 6 shows the mag
(Fig 6a) and depth (Fig 6b) distribution of the events located by PATNET
time of occurrence. It is interesting to note that depth ranges from 0 |
km and that there was a range up to magnitude 4ML events occurring for ol
two-weeks period following the occurrence of the main event.

A fault plane solution given for the main shock in the USGS prelimi

Fig. 4: The distribution of epicentres ].
in the area of Pyrgos from 25 Ma
to 6 April 1993 inclusive. M
local magnitude. The neotectonic
presented in this diagram are after |
et al. (1992). d
Ey. 4: H xatovourn 1wy gnitxkéviowv otnv 08
tou OUpyou oné 25 Moeptiou 1993
Anotiiou 1993, M sival 10 TONLKO HE
T wEGTEKIOVLKR ONyuata NoU Nopoudie

gio BiGyatuua fivol ond 1oUg AE
guvEoyatEg (1992) .
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Fig. 5: The earthquake sequence at the Pyrgos

' area, THe neotectonic faults presented
in “this diagram are afrer Lekkas et
al. (1992). The fault plane solution
of the main event is shown as taken
from rthe USGS preliminary results
{19%3). |M denotes local magnitude.

By 5 H ofightkn oxochoubBio oinv OEQLOXN TOU
n\]py_ﬁi T:x VEQTEKTOVIRKG OfydxXIoc nou
nggouvguiilovictl o1 SLAypopus Eilwdl and
mouElEREr o koy ouveoydkleg (1992). H
FHLAUCH ECTILOKOU URYGVITUOO e TOWw
KUO(w¢ oeloud elval ond 1o USGS nowto
gaotehiguota (1893), M fivol 10 1200KG
Weyeloco.

Fig. 6: The local magnitude distribution of the
events considered in the present study
versus their time of occurrence (a) and
focal depth (b), respectively.

Eyx. 6: H kotowvopf 10U 1001KO0 MHEYEIOUS twv OFLOHLWV
nou xondituonoiASnkav oinv nopoUda Ecoyoadic
CUVXOINOEL 1OV x0dvou yEveang f(a) kKol 1ou
cat1 kol B8adoug tkl, aviiotrouxe.

listings (March 1993), shows a fault-plane of NW-S5E strike and sinistral
strike-slip movement denoted (Fig 5). This can be well justified as the primary
uxiliary plane of this fault plane solution, because the dominant trend of
faulting in the epicentral area (SE of the city of Pyrgos) is the Epitalio
fault zone., This is a NW-SE trending normal fault zone with the epicentre of
the main shock occurred at the footwall East of the main escarpment. It is also
important to note that faults of NNE-SSW strike, which is the trend of the
secondary auxiliary plane of the fault plane solution, do not exist at the
epicentral locality or the adjacent to it area.

Thus a NW-SE sinistral strike-slip movement can be sufficiently justified
for the main shock.

_ It will be very interesting to see other fault plane solutions for the
events occurred at all the described previously fault zones. This would be very
useful in order to model the cross-cutting of these zones through the entire
~area. This kind of work will be performed using the data from a locally
established microearthquake network, which operated by the Patras Seismological
}centre in cooperation with the University of Leicester, during the aftershock
sequence and for a pericd of one month after the occurrence of the main shock.

CONCLUSIONS

In the present study the events from the Pyrgos earthquake sequence, of
‘magnitude greater than 2.8 MS are presented. The focal mechanism solution of
‘the main shock denotes sinistral strike-slip movement on a NW-SE direction,
which coincides with the trend of the Epitalic fault zone existing at the
‘epicentral location of this event. However, strike-slip movement has been
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eported only on ~W trend faults (Lekkas et al. 1992). -
) .I-l AE:T@E recorded by the locally establishi
. m possibility of strike-slip movemen

\;. on bo;h E—w and NW-SE trending faults.
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