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THE PATRAS (JULY 14, 1993; M= 5.4) EARTHQUAKE
e SEQUENCE

r G. 'rse]:ent.:l.s*, N. Melis™ and E. Sokos”

ABSTRACT

The Patras earthquake occurred on July 14, 1993 (Mg=5.4). The entire
thquake sequence is presented in this study as it was recorded by the newly
‘established Patras Seismic Network, which is based at the University of Patras
‘Seismological Centre. The hypocentre spatial distribution of the earthquake
sequence for a period of 20 days, can be divided into three characteristic
- areas. The first lies at the city of Patras and surroundings indicating
- dispersed seismic activity of focal depths ranging from 3km to 15km. The second
defines a NW-SE trend starting NW offshore from the city of Patras, and is
‘almost forming a flat, as the focal depth of the events in this area is ranging
from 2Zkm to 30km along a line of approximately 35km long. The third starts SE
of Trikhonis Lake and continues a few kilometres to the North of the Lake, with
. the main characteristic the dispersed seismicity with focal depths ranging
~ from 3km to 20km.

ZYNOYH

0 oeloudg NG Natpag Ehape xopx otig¢ 14 Iouhiou 1993 (Mg=5.4). Zifv
nopoUoo PEAETN nopoucL&l{etal N O£ LOPLKN akohoubBiu Onwg roatoyp&enke oand 10
npbopaTa EYKATESTNPEVO POVLIPO OfLopilkd Siktvo tovu Noventotnpiov ing MN&tpag.
H xoTovoulj Tev UNOKEVIPWY TN¢ JELOMLKAC akorouBiag of Sidpxkeia 20 npepav
¥oplletal o TpELC XopOKINPLOTLKESG nepLoxée. H npdin suploxketal otnv nepLox
inc nmoéing 1ng Né&tpag HeTd Twy DEPLXDPWY INg, Kul unodeixvwietr didonapin
gelopixkf Spaotnpléinia pe e£otlaxd P&Boc ond 3km fwg 15km. H SeUtepn,
kaBoplleL pia ypapul dievbuvong BA-NA, nou apyilel BA 1ng méAinc ing N&tpag
Kot oxnpatifet Eva eninedo, rabBOg To £0TLaKS B&Bog Twvy OfLopdv OTInv NEPLOXH
iKUuG[VSTdL and 22km éwg 30km, xKa1& uNKOC plag ypoppnc phxoug nepimou 35km.
" H tpitn apxiet NA tng Alpvng Tpixwvidoag xat ouvexiletol pepix& xihidpsipa
BoépeLa TNC Alpvng, pE KUPLO YOPOKINELOTLKSO tnv S(&onmopin OELOPLXOTNTO, HE

£0T LaKd B&ON va Kupaivovtat and 3km fwg 20km.

INTRODUCTION
On July 14, 1993 an earthguake sequence with a main shock of magnitude 5.4
MS occurred 7km south of the city of Patras. It devastated an area of about
20km within and around the city and in particular the villages of Saravali,
Krini, Mintilogli and the areas of Kato Agyia, the old city of Patras and Rio.
- All the o0ld and under preservation buildings in the city of Patras suffered
greatly and even some newly built structures were left in need of reinforcement
after the earthquake.
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. ' Phe study presents the whole earthquake seﬁuence as it was recorded by
the Uhi‘_@efs‘ity of | Patrds "S€ismic jNerWwork. [ The data cover the time period
from auly 18, /19935 si¥| d&ys prier jto the main event, to July 27, 1993,
fourteen days after the main shock. Spatial, magnitude and time distribu-
| tion of svhe entire seguence is presented. Over 500 well-located events are
used fin 'the anaglysis of this study.

THE PATRAS SEISMIC NETWORK

The  University .of Patras. Seismic. Netwoerk (hereafter PATNET) is a

microearthguake network based at the University of Patras Seismological Cen-

tre. PATNET is covering at the moment the whole areza of Western Greece with the

Akarnanika station to the furthest neorth point, the Filiatra station to the

furthest south, the Zakynthos staticen to the

furthest west and the Derveni station to the

e i furthest east (Fig 1l). It consists of ten

short period outstations, each with one ver-

e tical component (lHz] seismometer operating

e 5% at 60dB dynamic range and in low noise envi-

: ronment. The signals are radiolinked via FM

Q}_ subcarriers to the central receording site at

sa ] s the University of Patras, where a three compo-

i R A = nent f{(one vertical and two horizontal on E-w

< ’ and N-5 directions (1lHz) seismometers) sta-

hr‘\rf-\_ tion exists. There, each channel signal is

L] e =3 antialias filtered with a 30Hz Butterworth

The Uimeriky of Patres Setwmic Rateart low-pass filter, sampled at 100Hz and con-

phy, % The DrEEenE EESUSER verted to digital form with a resolution of
: distribution of the 32bits.

Patras Seismic Net- The STA/LTA technique is employed for event

work. triggering. In addition, the option for con-

Ix. 1: H nooouoa diaiaén 1ov  tinuous recording is also available, and in 3

Howipou  LELOPLKOU cagse of the present study it was used during

flktooy tou Haveni= fjror three days of the aftershock sequence. Al

ornuiou Tn¢ Mateac.  gonts then are processed and located following

the procedure which is described later on.

armn «7

mo [T

THE PATRAS AREA i

In the present study, as Patras area is defined informally the are:
covering the Gulf of Patras and the adjacent area as well as the area South
of Trikhonis Lake to the North (Fig 2). As discussed by Brooks et al. (198
and Melis et al. (1989), the Patras area is a complex area in terms
seismotectonics. It lies at the junction of two different structural trends
within the current neotectonic extensional regime of an approximately AND
S direction (Fig 2}. The first is the WNW - ESE zone of extension defined by
the Gulf of Corinth graben (Brooks & Ferentinos 198B4), which possib
extends northwestward teo Trikhonis Lake (Melis 1986, Melis et al. 1989
the second is the NE - SW faulting asscciated with the Rio graben (Kontopou
& Doutsos 1985) which has been interpreted as a transfer {(transtensiona
fault zone linking the Gulf of Patras graben in the southwest with th
Corinth - Trikhonis zeone of extension in the northeast (Melis 1986, Brooks
et al. 1988, Melis et al. 1989). ,

Several studies have been conducted on this graben system (Fig 3). Tselen
and Makropoulos (1986) investigated the crustal deformation rate of the entin
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graben iystem. Ferentinos et al.
\\ﬂ‘ TT98%5) studied the Parras graben
. joffshore and showed that the seabed
iz affected by synsedimentary
faulting with the same WNW - ESE
trend. A follow-up study by Chronis
et alll (1991) shows the same pat-
teyh (0f active faulting. Zelilidis
etoale (1987) described a tec-
tonic regime with a similar WNW -
@  ESE trend onshore immediately to
east of the eastern end of the
) . . _ Parras graben. This coexists with
Regional tectonics of Patras (af- . L.
ter Ferentinos et al. 1985, Broocks a NE - SW fault regime defln%ng
er al. 1988, Melis er al. 1989). the Rio graben, which was studied
2: Tertovikf oinv euplicon neoioyry onshore by Kontopoulos & Doutsos
ing Métowxg (kaTé toug Fereatinos  (1985) mainly to the north at the
et al. 1985, Brooks et al. 1983, Antirio locality, and to the South
Melis et al. 1989). by Doutsos et al. (1989). Off-
hore studies in the immediate vicinity show the existence of a complicated
tem of active faults with several trends, of which NE - SW and NW - SE
ear to be the most dominant (Periscratis et al. 1986, Chronis et al.
7).

It has been suggested that the Ric
graben developed earlier than the Cor-
inth graben {Doutsos et al. 1989%). Thus,
as it is an extensicnal tectonic fea-
ture of NE - SW trend, it could well
develeop right - lateral strike slip
motion if reactivated by the current
regionally dominant N - S extensional
regime forming the Corinth, Patras and
Trikhonis grabens (Fig 2). Brooks et
al. (1988) and Melis et al. (1989), in
their seismotectonic model for the re-
gion based on local microseismicity data
{(Melis 1986), suggested that Rio -
Antiric may behave as a transtensional
fault zone linking the Corinth -
Trikhonis graben system with the Patras
graben (Fig 3).

Neoteclonies of Lhe Polraz ares

EVENT LOCATION PROCEDURE

For the event location and magnitude
calculation the HYPO71PC (Lee and Lahr
1985, Kontopoulos & Doutess 1975; Lee and Valdes 1985) 'computer pro-
1985, Doutsos et al, 19sg, dram was used, The locations accepted
Chronis er al. 1991). were allowed an error less than 3km on
"3. Nrotextovikf 1nc neployxfic ine both epicentre and focal depth loca-
N&toxc (ond touc Ferentinos tions, and a RMS of travel time residuals
et al. 1985, Kontopoulos & 1less than 0.10.

Fig. 3: Neotectonics of the Patras
area (after Ferentinos et al.

Doutsos 1985, Aoutdog Kot In crder to constrain our dataset to
guveoyatec 1989, Chronis et follow the above menticned error al-
al. 1981). lowances, a large number of trial runs
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bered 1 to 7 were fully operating} and had local magnitude greater than 3ML
The final velocity model used for the area of Patras is shown in Table 1.
all the recorded events by at least six of the PATNET stations we
located using this velocity model. The station delays which were suggested
by this run, were incorporated te a final run for all the events recorded

Then,

least at four staticns.
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Fig. 4:
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area is similar to Athens local magnitude.

THE PATRAS EARTHQUAKE SEQUENCE
The Patras earthguake seqguence was well recorded by the Patras Seisr
The STA/LTA triggering technigue was used in conjunction-?
enabling the recording of very small events down

Network.
continuous recording,

The Patras earthquake se- : . A
quence. The neotectonic epicentral distance in km and c a cons
faults presented

diagram are taken
Fig 3. ¥ denoctas

magnitude.

H CELOopLKR aKoloudio

N&irpag. Ta

VEDTEKTOVLKG
onyuata nou noapougsialoviol
oto biLéaypoupa
10 LyApo 3.

M

Tontkd uéyedocg.

magnitude 0.5 M.

The epicentral distribution of events recorded in the Patras area during

A1l the events then were located and these locati

Tivit
Eival

as in was calculated in a least sguares se
local wusing 15 events which had been assig

was performed usin&ll velocity models suggested
by other microearthquake studies in the a
and ladjacent regions (e.g. Melis 1986, Pedott
1988} "in" cooperation with well known models
for the Aegean area (e.g. Makris 1977ﬁ
Panagiotopoulos and Papazachos 1985) . The best
velocity model was obtained using a dataset
of twenty events which were well-recorded
(clear P andySl arrivals) by all the seven
statieonsiofPATNETw{note that during the Patra
earthguake seguence only the stations num-

were finally accepted. Their epicentre
distribution is shown in Fig 4.

The magnitude which is reported for
all the events is the local magnitude
calculated from total signal duratio
The computation was also done by HYPOT1EC
using the formula defined by Lee et
{1972) in conjunction with the one
scribed in Kiratzi & Papazachos (198
and Melis et al. (1%989), thus setting ¢l
constant parameters describing the re:
tionship for PATNET stations. The foll
ing equation was used:

Mp= 2.32 Log(T) + 0.0013 D + ¢

where T is the signal duration, D is

this different for each station. The const

local magnitude ML by the National
servatory of Athens (1994). Thus, the
equation was calibrated at all PATNET
ane tlons for the local magnitude report
to the National Observatory of Athens.
result is that the local magnitude ca
lated for the events recorded in the Pz

ng
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Fig. 5: The distribution of epicentres located in the area of Patras. M
denotes local magnitude. The neotectonic faults presented in this
] diagram are taken as in Fig 3.
I:x 5: H rotovopn Twv EMUKEVIOWY otnv nEoLoxn 1ng N&toog, M fivor 1o TOM(KG
PEYEBOD. To VECTEKTIOVLED pAYUSTa 00U NGoouoilaloviol 010 JdLaypupuc
ivoer ond 1o DxAuo 3.
. - = identified. The first, is characrterized
., e T by dispersed seismicity, which occurred
i-"' ."- ':. -‘" ‘:‘ onshore at thg city of Patras area and
. R vz pra oo adjacent localities. The second, is char-
’ oo s L acterized by a concentration of seismicity
- e S =5 forming almost a single line. This fea-
0 % w0 18 180 178 m ture is extended from NW of the city of

Dintawos. {km) Patras towards the Trikhonis Lake in a
NW-SE direction with events occurring at
22km to 30km focal depth, defining al-
most a flat zone at that depth and of a

. - T o length of approximately 35km. Finally,
i ' ‘:‘ the third area starts at the northwest-
20— - ern end of the flat zone dispersing at
0 [ - the location of Trikhonis Lake with shal-
wt— s T T lower focal depths appearing.
o - " Ll MI"" b Fig 6a demonstrates the focal depth
distribution of the hypocentres projected
6: Depth éross-section of ©n a NW-SE line and in Fig 6b projected
hypocentres projected on a Perpendicular on a SW-NE line. Thus, the
NW-SE line (a) and SW-NE NW-SE trending feature is followed and
(b}, respectively. analyzed in space.
6: Topf wg NpPOo¢ TO EQlLakd The first area of dispersed seismicity

BaBog 1@y  UNOKEVIPWY a¢ the city of Patras and surroundings
npofadrbuevay  m&ve  9E 4o ro1aped to the numerous small

S.cvuBuvon BA-NA (a) kKoo No- ; 3 .
2 . ¢ neotectonic faults of NE-SW direction and
BA (b)), aviictoixa.
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e three larger faults existing in the area.
ite Saravali, Achaia Claus and the Kastritsi
faults, all of NE-SW direction (Doutsos et
all, 1989)."These are cross-cutted by the
Lepntio basin ©f main direction WNW-ESE to
the East. The majority of these events with
rshaldow focal depth occurred at the Rio graben,
and hence the damages to the villages de-
scribed earlier on.

In the #fecond area, the feature with a NwW-
SErtrendrdireetion lies at the juncticon where
the Rio graben meets with the Patras graben.
It is interesting that the focal deptrhs are
concentrated at the range of 22 to 30 kilome-

aistriBation §F the Y95, (LOAIng almos? a flat 1line approxif
events in the present mately 35km long. This is a new feature for
study versus their the particular area and needs further de-
time of occurrence tailed investigation.
{a} and focal depth The third area with the dispersed seismicity
{b}, respectively. covers the Trikhonis Lake and surroundings.
Ex. 7: H xotavop 10U TOMLXOU Here, focal depths range from 3 to 20 kilome-
MEYEBoUD Twv JELOMOY pyog  Dhis is alseo seen in other
FhG MORDUONS SRYRSIAL microesarthquake studies in the area, observ-

JUvOPtNdELl 10U yodvou | )
vévveone (a) ko vew ind deeper focal depths (Pedotti 1588, Melis

Fotlakou B&fouc (b), 1992].
aviigtoLya. Finally, Fig 7a,b depicts the rime distri-
bution of the event magnitude and focal depth.

Flot of desh pgilret tise
The Palras sx-thoutis meg.ercs

Fig. 7: The local magnitude

CONCLUSIONS

The Patras earthquake sequence revealed a new feature in the area. The
flat at about 25km depth with a NW-SE trend at the northern end of the Gulf
of Patras towards the Trikhonis Lake.

It was also observed the dispersed seismicity in the city of Patras
surroundings, where small faults are active. Similar observation was al
made in the area of Trikhonis Lake, but with focal depths ranging deep
down to 20km.

Finally, it will be interesting to investigate the entire sequence using
focal mechanism solutions and relate the new feature to the neotectonics
the area.
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