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INTRODUCTION

The Gulf of Corinth is recognized as one of the most
rapidly developing rifts in the Mediterranean region, with
the geodetically estimated extension as high as 1 cm/yr
(BILLIRIS et al., 1991). Extension has a roughly N-S
direction (SEBRIER, 1977; CLARKE et al., 1997; DAVIES et
al., 1997; DOUTSOS & KOKKALAS, 2001). Most of this

extension is accommodated by spectacularly exposed
normal faults on the southern side of the Gulf of Corinth.
Their length is in the order of tens of km (ROBERTS &
KOUKOUVELAS, 1996; DOUTSOS & KOKKALAS, 2001;
MICARELLI et al., 2003; XYPOLIAS & KOUKOUVELAS,
2005). Although the majority of these faults are north
dipping some less well developed antithetic faults have
significant role in the architecture of the Gulf that is
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¶∂ƒπ§∏æ∏: ™ÙËÓ ÂÚÁ·Û›· ·˘Ù‹ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÙÂ¯ÓÈÎ¤˜ ÙË˜ ·Ï·ÈÔÛÂÈÛÌÔÏÔÁ›·˜, Î‡ÚÈ· Ë ÙÂÎÙÔÓÔÛÙÚˆÌ·ÙÔÁÚ·Ê›·
ÔÏÔÎ·ÈÓÈÎÒÓ ÎÔÏÔ˘‚È·ÎÒÓ È˙ËÌ¿ÙˆÓ ÛÂ ÙÂ¯ÓÈÎ¤˜ ÂÛÎ·Ê¤˜ Î·È ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ·ÔÙÂÏ¤ÛÌ·Ù· ¿ÁÓˆÛÙˆÓ ÛÂÈÛÌÒÓ ÁÈ· ÙÔ ÂÓÂÚÁfi
Ú‹ÁÌ· ÙÔ˘ ∫··ÚÂÏÏ›Ô˘ Î·Ù¿ ÙËÓ ÂÚ›Ô‰Ô ÙˆÓ ÙÂÏÂ˘Ù·›ˆÓ 10.000 ÂÙÒÓ. ∏ ÁÂˆÙÂÎÙÔÓÈÎ‹ ı¤ÛË ÙÔ˘ Ú‹ÁÌ·ÙÔ˜ ·˘ÙÔ‡ ‚Ú›ÛÎÂÙ·È ÛÙÔ
·Ó·ÙÔÏÈÎfi ¿ÎÚÔ ÙË˜ ‰ÔÌ‹˜ ÙÔ˘ ∫ÔÚÈÓıÈ·ÎÔ‡ ∫fiÏÔ˘, Ô ÔÔ›Ô˜ ‰È·ÛÙ¤ÏÏÂÙ·È ÌÂ Ú˘ıÌfi 6-15 ¯ÈÏÈÔÛÙ¿/ ¤ÙÔ˜. ∆Ô Ú‹ÁÌ· ÙÔ˘
∫··ÚÂÏÏ›Ô˘, ¤Ó· ÌÂÛ·›Ô˘ ÌÂÁ¤ıÔ˘˜ ·ÚÔ˘ÛÈ¿˙ÂÈ ÔÏ‡ÏÔÎË ÁÂˆÌÂÙÚÈÎ‹ ‰ÔÌ‹, ¤¯ÂÈ ÁÂÓÈÎ¿ ∞-¢ ‰ÈÂ‡ı˘ÓÛË, ÎÏ›ÓÂÈ ÚÔ˜ ÓfiÙÔ Î·È
¯ˆÚ›˙ÂÙ·È ÛÂ ÙÚ›· ÙÌ‹Ì·Ù·. ∆Ô Ú‹ÁÌ· Û˘Ó‰¤ÂÙ·È ÌÂ ÙÔ˘˜ ÛÂÈÛÌÔ‡˜ ÙË˜ 4Ë˜ ª·ÚÙ›Ô˘ ÙÔ˘ 1981. ∫·Ù¿ ÙËÓ ‰È¿ÚÎÂÈ· ÙˆÓ ÛÂÈÛÌÒÓ ÙÔ˘
1981 ¯·ÚÙÔÁÚ·Ê‹ıËÎ·Ó, Â› ÙÔ˘ ›¯ÓÔ˘˜ ÙÔ˘ Ú‹ÁÌ·ÙÔ˜, Û˘Ó-ÛÂÈÛÌÈÎ¤˜ ‰È·ÚÚ‹ÍÂÈ˜ ÙË˜ Ù¿ÍË˜ ÙˆÓ 10-12 ¯ÈÏÈÔÌ¤ÙÚˆÓ. ∆· ‰Â‰ÔÌ¤Ó·
ÙË˜ ·Ï·ÈÔÛÂÈÛÌÔÏÔÁ›·˜ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó ÁÈ· Ó· ÂÎÙÈÌËıÂ› Ë ÛÂÈÛÌÔÙÂÎÙÔÓÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ Ú‹ÁÌ·ÙÔ˜. ∂ÈÏ¤ÔÓ Á›ÓÂÙ·È
ÂÎÙ›ÌËÛË ÙÔ˘ Ú˘ıÌÔ‡ ÔÏ›ÛıËÛË˜ ÙÔ˘ Ú‹ÁÌ·ÙÔ˜, ÙË˜ ÔÏ›ÛıËÛË˜ ÛÂ Î¿ıÂ ÛÂÈÛÌfi Î·ıÒ˜ Î·È ÙÔ˘ ¯ÚfiÓÔ˘ Â·Ó¿ÏË„Ë˜ ÌÂÙ·Í‡ ‰‡Ô
‰È·‰Ô¯ÈÎÒÓ ÈÛ¯˘ÚÒÓ ÛÂÈÛÌÒÓ. °È· ÙÈ˜ ·Ó¿ÁÎÂ˜ ÙË˜ ÌÂÏ¤ÙË˜ ¤ÁÈÓ·Ó ÙÚÂÈ˜ ·Ï·ÈÔÛÂÈÛÌÔÏÔÁÈÎ¤˜ ÙÔÌ¤˜ ‰‡Ô ÂÎ ÙˆÓ ÔÔ›ˆÓ ·Ó·Ï‡ÔÓÙ·È
ÛÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›·. ∏ ÂÍÂ‡ÚÂÛË ·Ï·ÈÔÛÂÈÛÌÈÎÒÓ ÁÂÁÔÓfiÙˆÓ ¤ÁÈÓÂ ÌÂ ‚¿ÛË ÙËÓ ¯·ÚÙÔÁÚ¿ÊËÛË ÎÔÏÔ˘‚È·ÎÒÓ ·Ôı¤ÛÂˆÓ,
ÌÂÙ·ÙfiÈÛË ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÔÚÈ˙fiÓÙˆÓ Î·È ÙË ÌÂÏ¤ÙË ·Ï·ÈÔÂ‰·ÊÒÓ. √ ÚÔÛ‰ÈÔÚÈÛÌfi˜ ÙˆÓ ÛÂÈÛÌÒÓ Î·È Ë ÂÚ›Ô‰Ô˜ Ô˘
ÌÂÛÔÏ¿‚Â› ·Ó¿ÌÂÛ· ÛÂ ‰˘fi ‰È·‰Ô¯ÈÎÔ‡ ÛÂÈÛÌÔ‡˜ ¤ÁÈÓÂ ¤ÌÌÂÛ· ÌÂ ¯ÚÔÓÔÏfiÁËÛË ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÛÙÚˆÌ·ÙÔÁÚ·ÊÈÎÒÓ ÔÚÈ˙fiÓÙˆÓ,
Ô˘ ÔÊÂ›ÏÔÓÙ·È ÛÂ ÙÂÎÙÔÓÈÎ¤˜ ·ÏÏ·Á¤˜. √È ·Ôı¤ÛÂÈ˜ ·˘Ù¤˜ ÌÂÙ·¯ÚÔÓÔÏÔÁÔ‡Ó ÙÔ˘˜ ÛÂÈÛÌÔ‡˜. ∆· ÚÔÎ·Ù·ÚÎÙÈÎ¿ ‰Â‰ÔÌ¤Ó· ÌÂ
‚¿ÛË ÙÈ˜ Ú·‰ÈÔÁÂˆ¯ÚÔÓÔÏÔÁ‹ÛÂÈ˜ ÌÂ 14C ¤‰ÂÈÍ·Ó fiÙÈ Î·Ù¿ ÙÈ˜ ÂÚÈfi‰Ô˘˜ 7540-7300 .Ã., 3760-3620 .Ã., 560-960 Ì.Ã. Î·È 680-890
Ì.Ã. ¤ÁÈÓÂ ·fiıÂÛË ÎÔÏÔ˘‚È·ÎÒÓ ·Ôı¤ÛÂˆÓ. ∞Ó·ÁÓˆÚ›ÛıËÎ·Ó ÌÂ ‚¿ÛË ÙÈ˜ ¯ÚÔÓÔÏÔÁ‹ÛÂÈ˜ Î·È ÙËÓ ·Ó¿Ï˘ÛË ÙˆÓ ÙÔÌÒÓ ÙÚÂÈ˜
Èı·ÓÔ› ÛÂÈÛÌÔ› Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙˆÓ ÙÂÏÂ˘Ù·›ˆÓ 10.000 ÂÙÒÓ ÙÔ˘ ÛÂÈÛÌÔ‡ ÙÔ˘ 1981 ÂÚÈÏ·Ì‚·ÓÔÌ¤ÓÔ˘. √È ÌÂÙ·ÙÔ›ÛÂÈ˜ ·Ó¿
ÛÂÈÛÌfi ÂÎÙÈÌÒÓÙ·È ÛÂ 0,7 ¤ˆ˜ 1 Ì¤ÙÚÔ. ∏ Î·Ù·ÎfiÚ˘ÊË ÌÂÙ¿ÙˆÛË ÛÙË ‰È¿ÚÎÂÈ· ÙˆÓ ÙÂÏÂ˘Ù·›ˆÓ 10.000 ÂÙÒÓ ÂÎÙÈÌ¿Ù·È ÛÂ 2,7 Ì¤ÙÚ·
Î·È Ô Ì¤ÛÔ˜ Ú˘ıÌfi˜ ÔÏ›ÛıËÛË˜ Â› ÙÔ˘ Ú‹ÁÌ·ÙÔ˜ ÛÂ 0,3 ¯ÈÏÈÔÛÙ¿ / ¤ÙÔ˜.
§¤ÍÂÈ˜-ÎÏÂÈ‰È¿: ¶·Ï·ÈÔÛÂÈÛÌÔÏÔÁ›·, ™ÂÈÛÌÔÙÂÎÙÔÓÈÎ‹, ∂ÓÂÚÁfi Ú‹ÁÌ· ∫··ÚÂÏÏ›Ô˘, Ú˘ıÌfi˜ ÔÏ›ÛıÈÛË˜ Ú‹ÁÌ·ÙÔ˜, ∫ÔÚÈÓıÈ·Îfi˜
∫fiÏÔ˜, ∂ÏÏ¿‰·.

* ¶ÚÔÎ·Ù·ÚÎÙÈÎ‹ ·Ï·ÈÔÛÂÈÛÌÔÏÔÁÈÎ‹ ·Ó¿Ï˘ÛË ÙÔ˘ Ú‹ÁÌ·ÙÔ˜ ÙÔ˘ ∫··ÚÂÏÏ›Ô˘ (∫ÂÓÙÚÈÎ‹ ∂ÏÏ¿‰·): ÂÓ‰Â›ÍÂÈ˜ ·Ï·ÈÔÛÂÈÛÌÒÓ Î·Ù¿ Ù· ÙÂÏÂ˘Ù·›· 10.000
¯ÚfiÓÈ·.



traditionally suggested as a complex asymmetric half
graben (DOUTSOS & KOKKALAS, 2001). This study
concentrates on a south dipping fault that is called
Kaparelli Fault.

During February & March 1981, two devastating
earthquakes affected the easternmost end of the Gulf of
Corinth, an area known for hosting strong events (KOU-
KOUVELAS & DOUTSOS, 1996). The epicentral area of
these earthquakes that is called, Alkyonides Bay, is
characterized by large onshore and offshore faults that
form steep slope and deep basins respectively of a half-
graben separating the Perachora peninsula from the rest
of Central Greece (LEEDER et al., 2002). The February
earthquakes (Ms: 6.7-6.4) are very possibly related with
ruptures all along the southern edge of the Alkyonides
Bay, while the Ms: 6.4 March earthquakes created south-
dipping surface faulting along the northern side of the
Gulf in the area of Kaparelli and Plataies (Fig.1;
PAPAZACHOS et al., 1981; JACKSON et al., 1982). These
earthquakes ruptured the boundary between Triassic
limestones and alluvial deposits and the colluvium at the
base of the existing E-W trending scarps along the
Kaparelli fault.

Palaeoseismology is a geological method applied to
the study of prehistoric earthquakes (SOLONENKO, 1973;
SIEH, 1978; WALLACE, 1981; MC CALPIN, 1996) especially
their location, timing and size. This method tries to
interpret geological evidence created during individual
paleoearthquakes and correlate moderate to large
earthquakes with specific faults. Thus palaeoseismological
studies based on trenches excavated along or across faults
are commonly used in order to extend historical
seismological data. In addition since the palaeoseismology
is primarily based on the analysis of colluvial tectono-
stratigraphy, it can provide data regarding the occurrence
of destructive prehistoric earthquakes (MC CALPIN, 1996;
PAVLIDES et al., 1999; PAVLIDES & CAPUTO, 2004). 

Although Greece is a rapidly extending continental
region palaeoseismology is applied mainly over the last
fifteen years. The first paleoseismological studies in
Greece were conducted in Mygdonia basin in Macedonia
and the Souli Fault in Hepirus (PAVLIDES et al., 1992;
CHATZIPETROS & PAVLIDES, 1994; PAVLIDES, 1996).
Recently palaeoseismology is applied at almost all
tectonic settings in Greece like the Gulf of Corinth or
Thessaly basin (PAVLIDES, 1996; PANTOSTI et al., 1996;
COLLIER et al., 1998; KOUKOUVELAS et al., 2001; PAVLIDES

et al, 2004; CAPUTO et al., 2004; KOUKOUVELAS et al.,
2005; CHATZIPETROS et al., 2005). 

This study applies paleoseismologic trenching investi-
gation in order to give new evidence on the seismic
history of the Kaparelli normal fault that ruptured during
the March 1981 Gulf of Corinth earthquakes. Parts of the
data of this study are summarized also in the
CHATZIPETROS et al. (2005). In detail this study presents
tectonostratigraphy of fault colluvial sequences and dating

of paleoevents by using 14C dating. Finally we draw
conclusions on the events recognized within the trenches
and their recurrence interval.

THE KAPARELLI FAULT

The Kaparelli fault (KF) is south facing roughly E-W
striking fault, segmented along its strike into three
prominent segments showing clear evidence from the
1981 ruptures (Figs 1 and 2). These segments are clearly
expressed at the surface by nearly continuous scarps
(KOKKALAS & KOUKOUVELAS, 2005). The footwall of the
northwest strand of the KF reaches c. 600 m height and
is composed primarily of pre-rift Triassic-Jurassic
limestones of the Pelagonian zone (see geological map of
IGME, 1984). Livadostras river flows along the fault
strike. A sedimentary basin called hereinafter as Liva-
dostras basin in the hangingwall of the KF accumulates
from bottom to top 230 m of syn-rift fluvio-terrestrial
deposits of probable Pleistocene age, Holocene alluvial
deposits and recent scree (Fig. 1). 

Although all three segments of the fault on the basis
of their geomorphologic expression are apparently active
only two of them was reactivated during the March 1981
earthquakes. Its co-seismic rupture was characterized by a
vertical throw in the order of 70 cm, but, in specific cases
this throw was more than 1 m. Slip vectors as determined
by matching homologous points at the opposite sites of
the coseismic ruptures suggest that the slip on the surface
ranges N200oE/60-70o and resembles approximately move-
ments at depth similar to that determined by the seismo-
logical data (JACKSON et al., 1982; ROBERTS & KOUKOU-
VELAS, 1996; MOREWOOD & ROBERTS, 2001). 

The ruptured fault segments attained a maximum
length of about 10-12 km during March 1981 and formed
a left-stepping en echelon geometry that crossed Liva-
dostras River (JACKSON et al., 1982) (Fig. 1). One of them
was mapped immediately south of Kaparelli village
forming a continuous limestone scarp for about 5 km (Fig.
2d) (JACKSON et al., 1982; PAVLIDES, 1993). This fault scarp
is characterized also by a 3 m high zone with different color
along its base. Recently BENEDETTI et al. (2003) dated this
3 m high scarp by 36Cl to suggest that this is a cumulative
effect of past earthquakes. The eastern end of the surface
rupture turns abruptly south in ESE-WNW direction
(PAVLIDES, 1993) suggesting that the end of the surface
expression of this fault is probably related with the end of
the fault itself (TSODOULOS & KOUKOUVELAS, 2004). Its
western end was a diffused zone within the Livadostros
River. The second ruptured fault segment was south
dipping and lies along the northwestern slope of
Kithaironas Mt. to the south of Livadostros river with its
westernmost termination located probably at the coast of
the Livadostros Bay (Fig. 1). 
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Fig. 1. Simplified map of the eastern Gulf of Corinth highlighting major faults and the position and magnitudes of the mainshocks of the 1981
earthquake. (Relocated epicenters and hypocentral parameters from Jackson et al. 1982). Faults with white colored teeth correspond to fault
segments activated during 1981 earthquake. Location of the paleoseismological trenches are also shown as Kap1 to Kap3.

METHODOLOGY

The KF is a typical target for palaeoseismic research
because to that the March 4th 1981 Gulf of Corinth
earthquake event ruptured the fault and these surface
ruptures are easily recognized even 25 years after the
earthquake (Fig. 2a-c). Thus using these data three
trenches were excavated during May 2002 across the
Kaparelli fault scarp, sampling the ruptured fault segment
for 3 km (Fig. 1). In addition, as to that fault arrays in the
study area as well as within the Central Greece are of
almost pure dip slip (DOUTSOS & KOKKALAS, 2001)
trenches were excavated perpendicular to the fault trace.
They are designated from west to east as Kap1 to Kap3.
Trenches are located mainly in Holocene deformed
sediments (colluvium, Kap2, Kap3) or fluvial (Kap1), in
contact with bedrock limestone or fluvial sediments,
respectively (Fig. 2). Trenches are 15 to 20 m in length
and 2-4 m in depth and their walls were logged in detail,

at a scale of 1:20. Trenches start from the last reactivated
fault scarp and extend southward, with the Kap1 as the
only exception as it crosses the 1981 fault rupture (Figs 3,
4, 5). Walls of the trenches were gridded with grid cell
dimensions at 1m x 1m. Faults and contacts were etched
into wall and marked with painted nails to enhance their
visibility in the photographs. The walls of all trenches
were photographed, cell-by-cell, while they were locally
cleaned in order to provide a complete unobstructed view
of the entire trench wall. The wall that was mapped in
each trench was chosen as to preserve the best strati-
graphy, and exhibiting faulting events with clear marker
horizon displacements. Kap2 and Kap3 trenches
constitute mainly of typical colluvium (unconsolidated
angular limestone fragments and soil), which includes
occasionally tile fragments, rare charcoal and some
pottery fragments. In this study we will present data from
trenches Kap1 and Kap2 due to that we have no age
control on the colluvial deposits within trench Kap3.
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Fig. 2. Key structural observations showing a series of ruptures related with the 1981-earthquakes. (a) Arrowheads show the two strands of the
faults west of the Kap1 trench. (b) A west looking view of the Kaparelli fault scarp. On the figures are also shown the Livadostras basin than
formed on the hangingwall of the fault as well as the 1981-earthquake related ruptures. (c) A close-up view of the surface rupture just east of the
Kap1 trench, photo is taken looking east. (d) Photo looking west of a fresh limestone fault scarp near the Kaparelli village.  
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RECOGNIZING FAULTING EVENTS WITHIN
PALAEOSEISMOLOGICAL TRENCHES 

The ground surface at the time of a paleoearthquakes is
termed as an “event horizon” (PANTOSTI et al., 1993). An
event horizon is stratigraphically defined by either scarp-
derived colluvium that buries the pre-faulting surface
and/or by unconformities that develop as a result of
warping and subsequent deposition. Therefore, the
number of event horizons should equal the number of
paleoearthquakes or similar the number of discrete
colluvial wedges represents deposition following a
surface-rupturing event. 

Commonly used indicators of event horizons include
liquefaction, upward terminations of faulting and abrupt
changes in deformation between units separated by an
event horizon. All these, taken alone, might also be
explained by off-fault seismic sources or fault creep. Lines
of palaeoseismic evidence that may be unique to
coseismic rupture and not creep include fissure fills and
colluvial-wedge deposits (STENNER & UETA, 2000;
KELSON & BALDWIN, 2001). For this reason the colluvial
wedge model is applied for the palaeoseismic
investigation of the two trenches in Kaparelli region
assisted also by other characteristic observations such as,
upper terminations of secondary faults, fissure fills or
striking difference between deformed and less deformed
units.

TECTONOSTRATIGRAPHY

Trench Kap1
The first excavated trench exposed a ca. 4 m deep section.
This section exposed a coarse-grained sequence within
the footwall block and unconsolidated well-stratified silty-
sand unit with conglomerate intercalations in the
hangingwall block (Figs 3 and 4). The northern part of the
trench comprises a moderate to high dipping wedge-
shaped colluvial association which is subdivided, based
mainly on its lithology (grain size), matrix and proximity
to the fault scarp, into two subunits: (1) a lower part
corresponding to a debris element association deposited
over angular basement blocks (Fig. 3, unit A) and (2) an
upper part, poorly developed, classified as a wash element
association. The debris element can be characterized as a
pebbly-cobbly gravel bed, containing clasts up to 15 cm in
length. Clasts include primarily ophiolites (≈70%) with
the rest of pebbles are Triassic- Jurassic limestones.
Above this, lithofacies are getting much thinner consisting
mainly of silty sand with sparse pebbles. This wash
element association is not well-developed and is lying on
the slope surface of the debris element. Below this
sequence a complex assemblage of weathered basement
blocks, up to 50 cm in length, as well as poorly sorted
conglomerate beds of probable fluvial origin is lying,
restricted mainly in the base of the colluvium. Based on

these lithofacies assemblage we interpret the thickness of
the sediments above the basement, as thin and the scarp
location is controlled by a basement shallow. High angle
normal synthetic and antithetic fault strands displace this
assemblage, as well as the debris element of the overlying
colluvium, showing a complex geometry.

The main structural feature in this trench is a 3 m
wide high angle normal fault zone, which was reactivated
during the 1981 seismic event (Fig. 3). This zone shows
the following characteristics: a chaotic assemblage of
sheared "in situ" deposits, material that has fallen into
fissures in intact blocks, plus circulation of meteoric water
and precipitation of CaCO3, partly disaggregated blocks
and material washed into depressions by running water,
during the development of the wash element. Based on all
these characteristics and that during the last earthquake
fault reactivation occured in this zone we interpret this
fault zone as a long-lived fault zone. Many pebbles have
been dragged along the fault plane and some layers
appear to be warped. A small soil key-bed horizon is
displaced along the fault surface, showing a vertical offset
of c. 50 cm. (Fig. 3) The lower limit of this key-bed
horizon (sample Kap1,4) has been dated to 3760-3620 BC
(calibrated age) (Fig. 6).

The hangingwall block of the reactivated fault strand
comprises a strongly rotated (>600) sedimentary seque-
nce, which consists of silty-sand with pebbly gravel bed
intercalations. This rotation may have been achieved with
fault interaction and formation of a restraining overlap
zone (see also RYKKELID & FOSSEN, 2002) during
cumulative fault deformation. Soil samples taken from
this sequence showed an age range from 5500 BC to 5200
BC (Samples Kap1,1 and Kap1,8) (Fig. 6). However, this
age can’t explain the rotation of the sequence, implying
either strong earthquake events at low recurrence interval
of high aseismic creep of the fault. Both hypotheses are ill
constrained by the 14C age data or the geodetically derived
data over the Central Greece (CLARKE et al., 1997). The
most recent history is disrupted by human activity, like
ploughing and a more detailed and careful soil dating is
needed in order to study the recent faulting process in
detail and to draw conclusions on the rate of deformation,
the recurrence interval of moderate to strong earthquakes
etc.

However, the age range covered by the sediments
within the trench is 5500-5200 BC (for the fluvial
sediments) to 680-890 AD (Fig. 3, unit B; base of the
younger colluvial wedge). This small-scale colluvial wedge
adjacent to the surface rupture trace of the 1981 event
corresponds to a strong event prior the 1981 earthquake,
with a lower age limit of 3760-3620 BC and an upper limit
of 680-890 AD, bracketing by the underlying soil bed
horizon (Fig. 3, sample Kap1,4) and the small colluvial
wedge (Fig. 3, sample Kap1,3).  



Trench Kap2
The Kap2 trench is c. 16 m long, 3 m deep and 2 m wide
(Fig. 5). This trench constitutes a typical colluvium
succession. It is composed mainly by sub-angular
limestone fragments and soil, which include occasionally
tile, pottery fragments, and some charcoal.

The lower and upper debris-element facies associa-
tions of the lower colluvium (unit A) are distinguished
primarily by their position in the wedge next to the scarp
and their lithology, and by the proportion of basement
blocks, coarse clasts and fine-grained sediment, which are
relative to their source lithologies. The upper debris-
element facies consists of lithofacies that are thinner,

more laterally extensive and contain smaller and more
dispersed blocks and clasts than lithofacies of the lower
debris element.

Above this association lies a subunit, which comprises
a less wedge-shaped assemblage of lithofacies deposited
on the sloping surface of the debris element. It is finer
grained than the upper debris element and the internal
bed contacts are more nearly parallel. The percentage of
matrix increases upwards from 10% in the lower beds to
40% in the upper beds, while the clast size decreases
significantly. This fact, as well as its position relative to
the underlying debris element, enabled us the
interpretation of the unit as a wash element association.
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Fig. 3. East wall of trench Kap1 with a schematic tectonostratigraphic column. Capital letters within colluvial units show which units were de-
posited following the first (A) or second (B) faulting event. Lithofacies codes after Nelson 1992. Rectangle shows the location of the Fig. 4.
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Fig. 4. Photo-mosaic of the east wall of trench Kap1, for location of photo see fig. 3. The photo-mosaic shows increase of sediments dip towards
the faults, the fault zone and a seires of fissure fills. For details see also the text. 

Fig. 5. West wall of trench Kap2 with a schematic tectonostartigraphic column. Lithofacies codes as explained in Fig. 3 for details see also text.

Above the wash element and an erosional surface lies a
second colluvial wedge (unit B) that is finer grained than
the first and more laterally extended. The results from a
soil sample taken at the base of this colluvium indicate

that, at 2Û, the age ranges from 560-690 AD.
Additionally, samples from the base of the older debris
element indicate that, at 2Û, age ranges from 7540-7300
BC (Fig. 6).



RADIOCARBON DATING

Table 1 shows the results for 6 samples of soil that were
dated by radiocarbon method. Radiocarbon ages were
calibrated to calendar ages using the program OxCal ver.
3.5 (RAMSEY 1995, 2000) that uses the atmospheric data
of STUIVER et al. (1998). These samples were chosen from
locations that are in the vicinity of the debris associations.
Date samples from the uppermost part of the sections
were excluded because they might be too young in age
and thus their dating would have been unreasonable due
to uncertainties in calibration.

Measurements of radiocarbon concentration are usually
expressed in terms of a notional age, in numbers of years
before 1950. This notional age is calculated on the
simplistic assumption that the amount of radiocarbon in the
atmosphere has always been the same, which is not quite

the case, and so for anything other than a very rough
indication of age the measurement must be calibrated.
Calibration is performed by comparing the radiocarbon
measurements on the sample to those made on material
(usually tree rings) of known age. This comparison allows
one to determine the possible calendar age of the sample.
Figure 6 shows calibration of six samples on the Kaparelli
trenches. The range of possible ages is shown only for the
best level of confidence (2Û: 95%) 

DISCUSSION

In view of the increased vulnerability of modern society
to hazards it is worthwhile to continue palaeoseismic
research, applied to active faults in a high seismicity area
such as the Gulf of Corinth, for large earthquakes that
occur on a longer timescale. On the other hand ancient
earthquakes can also warn scientists about a presently
tectonically quiet region in a broader area, and a potential
return of activity in the future. Although the stratigraphic
complexity of sediments near faults can be intimidating,
lithofacies analysis of colluvial sequences in fault
exposures helps significantly to interpret the history of
faulting. In order to get more complete picture, more
trenches are needed enabling a correlation of events over
the rupture front of a postulated paleoearthquake.
Among the most important results of a paleoseismological
study are definitions of surface offset per event, number
of events on a fault or a fault zone, recurrence interval of
past events and corresponding magnitude per event. 
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TABLE 1
Dates of Radiocarbon samples from Kaparelli trenches.

Fig. 6. Outlines show probability distributions of calibrated radiocarbon ages of samples. Lines below each distribution show limits of the 95.4
and 68.2 percentile confidence ranges for these samples (using OxCal, ver. 3.5, Ramsey 2000). The likelihood of different possible ages of the
sample shown as the solid black distribution. For more details about samples see also Table 1.



Along KF, thicknesses of the units in the colluvial
wedges of offset of discrete marker horizons are in the
order of 0.7 m. As resent co-seismic displacement on this
segment average 60-70 cm, and strips of different color
are recognized at the base of fresh bedrock exposed at the
base of the scarp suggest that offset of past events is
probably in the same order of magnitude.

Based mainly on colluvium tectonostratigraphy, depo-
sitions of sedimentary layers, formation of soil, and small
displacement of some key horizons, three at least faulting
seismic events (paleoearthquakes) were identified during
Holocene. We consider the strongest evidence for paleo-
earthquakes to be the existence of successive colluvium
wedges (trench Kap2) and fissure fill facies (trench Kap1)
deposited adjacent to the main fault trace, as material
must be shed off a newly exposed fault scarp relatively
quickly. 

Our preliminary results from the two trenches show
that age range for colluvial sedimentation is 7540-7300
BC, 3760-3620 BC, 560-690 AD, and 680-890 AD, (Fig. 6;
Calibrated radiocarbon analysis results) and they are
probably associated earthquake wedges. In the first trench
(Kap1) the last event (1981) is clearly shown within a
greater fault zone of ~3 m width, where tilted (50o-70o)
sediments (clay, sand, colluvial wedges and soil) are
strongly rotated by previous tectonic events. Based on
these data the Kaparelli fault appears to be reactivated at
a recurrence interval in the order of 2500 years.
Corresponding magnitude during the three recognized
events are in the order of 6.4 following equations of
PAVLIDES & CAPUTO (2004). Finally an estimation of the
slip rate of the fault can be suggested by dividing the total
thickness of the accumulated sediments with the age
determined for the older sediment deposited within the
trench Kap2. 

CONCLUDING REMARKS

1) Stratigraphic record within the trenches shows that at
least three events are hosted on various strands of the
Kaparelli fault. The age range recognized within the
trenches covers the entire Holocene with the 1981
event included.

2) Colluvial tectonostratigraphy and analysis of displace-
ments on key bed horizons suggest surface rupturing
events in the order of 0,7-1 m. 

3) Preliminary results regarding the age range of
sedimentation suggests that the recurrence interval
ranges between 2500- 5000 years. This interval may
suggest a non-systematic medium to short recurrence
for strong earthquake hosted on the Kaparelli Fault.

4) Colluvial thickness in Kap2 trench is about 2,7 m and
the calibrated age of its lower limit is 7550-7220 BC
(86,8%, at 2Û) suggesting an average slip rate of the
Kaparelli Fault along this sampled portion in the
order of c. 0,3 mm/yr.

ACKNOWLEDGMENTS

This work is a preliminary work appeared was supported by
OASP (Earthquake Planning and Protection Organization of
Greece- Project 27/53874/20-11-00).We extent our thanks to two
reviewers that improved the clarity of this work.

REFERENCES

BENEDETTI, L., FINKEL, R., KING, G., ARMIJO, R., PAPA-
NASTASSIOU, D., RYERSON, F.J., FLERIT, F., FARBER,
D. & G. STRAVRAKAKIS, (2003). Motion on the Kaparelli
fault (Greece) prior to the 1981 earthquake sequence determined
from 36Cl cosmogenic dating. Terra Nova, 15, 118-124.

BILLIRIS, H., PARADISSIS, D., VEIS, G., ENGLAND, P.,
FEATHERSTONE, W., PARSONS, B., CROSS, P., RANDS,
P., RAYSON, M., SELLERS, P., ASHKENAZI, V.,
DAVISON, M., JACKSON, J. & N. AMBRASEYS, (1991).
Geodetic determination of tectonic deformation in central
Greece from 1900 to 1988. Nature, 350, 124-129.

CAPUTO R., HELLY B., PAVLIDES S. & G. PAPADOPOULOS,
(2004). Palaeoseismological investigation of the Tyrnavos
Fault (Thessaly, Central Greece). Tectonophysics, 394, 1-20.

CHATZIPETROS, A. & S. PAVLIDES, (1994). Late Quaternary
fault scarps and paleoseismology of the active basin of
Mygdonia, Thessaloniki seismogenic area, Northern Greece,
In: Proceedings Workshop on Paleoseismology (SCHWARTZ &
YEATS (Eds.), CA.USA, 35-37.

CHATZIPETROS, A., KOKKALAS, S., PAVLIDES, S. & I.
KOUKOUVELAS, (2005). Palaeoseismic data and their
implication for active deformation in Greece. Journal of Geo-
dynamics, 40, 170-188. 

CLARKE, P.J., DAVIES, R.R., ENGLAND, P.C., PARSONS,
B.E., BILLIRIS, H., PARADISSIS, D., VEIS, G., DENYS,
P.H., CROSS, P.A., ASHKENAZI, V. & R. BINGLEY,
(1997). Geodetic estimate of seismic hazard in the Gulf of
Korinthos. Geophys. Res. Lett., 24, 1303-1306.

COLLIER, R.E., PANTOSTI, D., D’ADDEZIO, G., DEMARTINI,
P.M., MASANA, E. & D. SAKELLARIOU, (1998).
Paleoseismicity of the 1981 Corinth earthquake fault: seismic
contribution to extensional strain in central Greece and
implications for seismic hazard. Journal of Geophysical
Research, 103, 30001-30019.

DAVIES, R.R., ENGLAND, P.C., PARSONS, B.E., BILLIRIS, H.,
PARADISSIS, D. & G. VEIS, (1997). Geodetic strain of
Greece in the interval 1892-1992. J. Geophys. Res., 102, 24.571-
24.588.

DOUTSOS, T. & S. KOKKALAS, (2001) Stress and deformation
patterns in the Aegean region. Journal of Structural Geology, 23,
455-472.

IGME (Institute of Geology and Mineral Exploration) (1984).
Geological map of Greece, Kaparellion Sheet, scale 1: 50.000.

JACKSON, J.A., GAGNEPAIN, J., HOUSEMAN, G., KING,
G.C.P., PAPADIMITRIOU, P., SOUFLERIS, C. & J.
VIRIEUX, (1982). Seismicity, normal faulting, and the geo-
morphological development of the Gulf of Corinth (Greece):
the Corinth earthquakes of February and March 1981. Earth
and Planetary Science Letters, 57, 377-397.

KELSON, K.I. & J.N. BALDWIN, (2001). Can paleoseismological
techniques differentiate between aseismic creep a coseismic
surface rupture? (abstract) Seism. Res. Lett. 72, 263.

KOKKALAS, S. & I.K. KOUKOUVELAS, (2005). Fault-scarp
degradation modeling in Central Greece: the Kaparelli and
Eliki faults (Gulf of Corinth) as a case study. Journal of

73Hellenic Journal of Geosciences, vol. 42, 65-74



Geodynamics, 40, 200-215.
KOUKOUVELAS, I.K. & T. DOUTSOS, (1996). Implication of

structural segmentation during earthquakes: the 1995 Egion
earthquake, Gulf of Corinth, Greece. Journal of Structural
Geology, 18, 1381-1388.

KOUKOUVELAS, I., STAMATOPOULOS, L., KATSONOPOU-
LOU, D. &  S. PAVLIDES, (2001). A palaeoseismological
and geoarchaeological investigation of the Eliki fault, Gulf of
Corinth, Greece. Journal of Structural Geology, 23, 531-543.

KOUKOUVELAS, I., KATSONOPOULOU, D., SOTER, S. &  P.
XYPOLIAS, (2005). Slip rates on the Helike fault, Gulf of
Corinth, Greece: new evidence from geoarchaeology data.
Terra Nova, 17(2), 158-164.

LEEDER, M.R., COLLIER, R.E., ABDUL AZIZ, L.H., TROUT,
M., FERENTINOS, G., PAPATHEODOROU, G. & E.
LYBERIS, (2002). Tectono-sedimentary processes along an
active marine/lacustrine half-graben margin: Alkyonides Gulf,
E. Gulf of Corinth, Greece. Basin Research, 14, 25-41.

MICARELLI, L., MORETTI, I. &  I.M. DANIEL, (2003). Structural
properties of rift-related normal faults: the case study of the Gulf
of Corinth, Greece. Journal of Geodynamics, 36(1-2), 275-303.

MCCALPIN, J.P. (1996). Paleoseismology in extensional tectonic
environments. In: MCCALPIN, J.P. (Ed.), Paleoseismology,
Academic Press, New York, 85-146.

MOREWOOD, N.C. & G.P. ROBERTS, (2001). Comparison of
surface slip and focal mechanism slip data along normal faults:
an example from the eastern Gulf of Corinth, Greece. Journal
of Structural Geology, 23, 473-487.

PANTOSTI, D., SCHWARTZ, D.P., & G. VALENSISE, (1993).
Paleoseismology along the 1980 surface rupture of the Irpina
fault; implications for earthquake recurrence in the southern
Apennines, Italy. J. Geophys. Res., 98, 6561-6577.

PANTOSTI, D., COLLIER, R.E.Ll., D’ ADDEZIO, G., MASA-
NA, E. & D. SAKELLARIOU, (1996). Direct geological
evidence for prior earthquakes on the 1981 Corinth fault
(central Greece). Geophys. Res. Lett., 23, 3795-3798.

PAPAZACHOS B.C., COMNINAKIS, P.E., MOUNTRAKIS,
D.M. &  S.B. PAVLIDES, (1981). Preliminary results of an
investigation of the February-March 1981 Alkyonides Gulf
(Greece) earthquakes. Proc. Int. Symp. On the Hellenic Arc and
Trench, 8-10 April 1981, Athens

PAVLIDES, S. (1993). Active faulting in multi-fractured seismo-
genic areas; examples from Greece. Z. Geomorph. N.E., 57-72.

PAVLIDES, S. (1996). First palaeoseismological results from
Greece. Annali di Geophysica, 39, 545-555.

PAVLIDES, S. &  R. CAPUTO, (2004). Magnitude versus faults’
surface parameters: quantitative relationships from the
Aegean Region. Tectonophysics, 380, 159-188. 

PAVLIDES, S., CAPUTO, R., ZOUROS, N., MOUNTRAKIS, D.
&  M.  BOCCALETTI, (1992). Palaeoseismological history of
the Souli Active strike-slip fault (Epirus, NW Greece)
abstract, Neotectonics, Quarter. Res. Ass., 56.

PAVLIDES, S., ZHANG, P. & D. PANTOSTI, (1999). Earth-

quakes, active faulting, and paleo-seismological studies for the
reconstruction of seismic history of faults. Tectonophysics, 308.

PAVLIDES, S., KOUKOUVELAS, I., KOKKALAS, S., STAMA-
TOPOULOS, L., KERAMYDAS, D. & I. TSODOULOS,
(2004). Late Holocene evolution of the East Eliki fault, Gulf
of Corinth (Central Greece). Quaternary International, 115-
116, 139-154.

RAMSEY, B.C. (1995). Radiocarbon calibration and analysis of
stratigraphy : the OxCal program. Radiocarbon, 37, 425-430.

RAMSEY, B.C. (2000). Online version of the OxCal program, Ver.
3.5, Oxford Radiocarbon Accelerator unit, http://www.rlaha.-
ox.ac.uk/orau/index.htm.

ROBERTS, G.P. &  I. KOUKOUVELAS, (1996). Structural and
seismological segmentation of the Gulf of Corinth fault
system: implication for models of fault growth. Annali di
Geophysica, 39, 619-646.

RYKKELID, E. &  H. FOSSEN, (2002). Layer rotation around
vertical fault overlap zones: observations from seismic data,
field examples, and physical experiments. Marine and Petro-
leum Geology, 19, 181-192.

SEBRIER, M. (1977). Tectonique recente d’un transversale a l’arc
Egeen. These de doctorat, Universite Paris XI.

SIEH, K.E. (1978). Prehistoric large earthquakes produced by slip
on the San Andreas fault at Pallet Creek, California. J.
Geophys. Res., 83, 3907-3939.

SOLONENKO, V.P. (1973). Paleoseismology. Izv. Acad. Sci. USSR,
Phys. Solid Earth, 9, 3-16.

STENNER, H.D. & K. UETA, (2000). Looking for evidence of
large surface rupturing events on the rapidly creeping
southern Calaveras fault, California. In: K. OKUMURA, K.
TAKADA & H. GOTO (Eds.), Active Fault research for the
new millennium: Proceedings of the Hokudan International
Symposium and School on the Active Faulting,  Hokudan Co.
Ltd., Hokudan, Hyogo, Japan, 479-486.

STUIVER, M., REIMER, P.J., BARD, E., BECK, J.W., BURR,
G.S., HUGHEN, K.A., KROMER, B., MCCORMAC, F.G.,
VON DER PLICHT, J. &  M. SPURK, (1998). INTCAL98
Radiocarbon age calibration 24,000-0 BP. Radiocarbon, 40,
1041-1083.

TSODOULOS, I. &  I. KOUKOUVELAS, (2004). Faulting and
Drainage history: the case of Kaparelli Fault, Central Greece.
In: CHATZIPETROS, A.A. & S.B. PAVLIDES (Eds.),
Proceedings of the 5th international Symposium on Eastern
Mediterranean Geology, Thessaloniki, Greece, 897-898. 

WALLACE, R.E. (1981). Active faults, paleoseismology, and earth-
quake hazards in the western United States. In: Earthquake
prediction: An International Review (D.W. SIMPSON & P.G.
RICHARDS, (Eds.), Maurice Ewing Ser. 4, 209-216. Am.
Geophys. Union, Washington, DC.

XYPOLIAS, P. & I. KOUKOUVELAS, (2005). Paleostress magni-
tude in a Fold-Thrust Belt (External Hellenides, Greece):
evidence from twinning in calcareous rocks. Episodes, 28, 245-
251.

74 S. Kokkalas S. Pavlides, I. Koukouvelas, A. Ganas, I. Tsodoulos, L. Stamatopoulos, C. Gountromichou, S. Valkaniotis


