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Abstract

Radiocarbon dating of elevated coastal phenomena along the emergent footwall of the Eliki Fault in the West-
ern Gulf of Corinth has established a chronology of tectonic emergence during Holocene times. The results
confirm ~ 6 m of coastal uplift over the last 3000 years at sites both immediately adjacent to, and more distant
from, the offshore fault. Although revealing little or no spatial variation along the fault, temporally the data de-
fine two phases of enhanced tectonic activity (0-3000 year B.P. and pre-7-8000 year B.P.) separated by a 4-
5000 year period of tectonic quiescence. Well documented historical surface faulting during the most recent
active phase testify to the contribution to net uplift played by coseismic increments, but these are considered to
be superimposed on significant aseismic movements, While asesismic uplift confuses the palaeoseismic
record, correlation of prominent notch levels with dated raised shoreline fauna provides evidence for at least 3
surface faulting events during the past 2500 years.

Key words  palaeoseismology — normal faulting — mented active normal fault in the Aegean re-
Holocene sea-level change — "C dating = Greece gion to have ruptured in consecutive earth-

quake events within the historical timespan; a
1. Introduction fact that has important implications for esti-

mates of earthquake recurrence intervals in this

The southern shores of the Western Gulf of region. Furthermore, coastal studies along the
Corinth, Greece, have been affected by numer- fault provide geological evidence of longer
ous historical earthquakes ( Ambraseys and term tectonic activity 'Wthh can be usefullly
Jackson, 1990), many of them in the vicinity of =~ compared with historical records (Mouyaris
a prominent coastal-bounding fault system be- et al., 1992). This paper documents the magni-
tween Aegion and Aegira; the Eliki Fault tude and timing of Holocene coastal emer-
(Poulimenos, 1993) (fig. 1a). Geological and gence along the Eliki Fault in an attempt to es-
geomorphic evidence indicate Holocene activ-  tablish whether such data can be used to recon-
ity on this fault, and the two significant histori-  struct the fault’s palaeoseismic history.
cal earthquakes recorded within this area, those
in 373 B.C. and A.D. 1861, are attributed to re-
activation of this structure (Mouyaris et al.,
1992; Poulimenos, 1993). If this is correct, the
Eliki Fault is among one of the few docu-

2. Surface faulting along the Eliki Fault

Although earthquake-related surface move-
ments are widely reported for the 373 B.C. He-
lice earthquake by classical scholars (cited in
Karfakis and Mouyaris, 1988 and Mouyaris
(*) e-mail: iain.stewart @ brunel.oc.uk et al., 1992), Schmidt’s (1879) account of the
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Fig. 1. Location maps showing: a) position of the Eliki Fault within the Gulf of Corinth fault system, Central
Greece; b) the trace of the 1861 surface break on a topographic map of the Aegion-Aegira coastal strip. Con-
tours are at 100 m intervals. Inferred position of the ancient city of Helice and location of the studied coastal
sections are shown in italics; ¢) shows a lower-hemisphere stereoplot of fault striations measured from a
bedrock fault plane exposed immediately south of Eliki.

26 December 1861 earthquake is the first clear Corinth (Jackson, 1994 and references therein).
description of surface faulting along the Eliki These bedrock fault planes show no sign of re-
Fault. According to Schmidt (1879), a surface activation in the 1861 event. Further east along
break, in places up to 2.4 m high and 1.8 m the base of the fault escarpment, 1.5-5 m high
wide, can be traced from south of Eliki east- scarps cutting indurated colluvial deposits dis-
wards to the coast beyond Diakopto (fig. 1b): a continuously follow the line of Schmidt’s 1861
distance of ~13.5 km. The trace of the fault is rupture and are considered here the probable
clearly segmented, comprising three 3-5 km expression of the active fault trace. Detailed
long linear sections separated by two sharp field surveys carried out following the Aegion
left-stepping 0.5-1 km wide jogs. At localities earthquake of 15 June 1995 reveal no evidence
immediately south and south west of Eliki, for reactivation of the Eliki Fault, with minor
20 m high limestone fault planes preserve fric- surface breaks instead occurring along a nor-
tional-wear striae and metre-scale corrugations mal fault segment to the north (Roberts and
indicating almost pure dip-slip fault movement Koukouvelas, 1996).

(fig. 1c) consistent with the N-S extension East of Diakopto, a linear coastal escarp-
recorded elsewhere in this part of the Gulf of ment and steep offshore bathymetry suggest
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that the main Eliki Fault segment continues
immediately offshore, at least as far as Akratas
(Ferentinos et al., 1988). Although there is no
information concerning whether this submarine
portion of the fault was reactivated in 1861, el-
evated shoreline notches along this coast were
interpreted as evidence of recent episodic tec-
tonic uplift (Mouyaris ez al., 1992). In particu-
lar, radiocarbon dating of emergent marine
borer shells (L. lithophaga) associated with
these notches suggested «... that there has been
emergence by at least 6.5 m in the last 4880
years which, given three uplift events, amounts
to an average of just over 2 m every 1600
years» (Mouyaris et al., 1992, p. 128). The im-
plication, therefore, is that the offshore portion
of the Eliki Fault remains tectonically active.

3. Morphological evidence for coastal
emergence along the Eliki Fault

Field surveys of the coast between Diakopto
and Aegira reveal a number of sites where evi-
dence of recent coastal emergence was pre-
served (fig. 2), some of which are previously

reported (Mouyaris et al., 1992; Vita-Finzi,
1993). In particular, two types of marine phe-
nomena were recorded: 1) elevated erosional
notches, and 2) raised marine fauna.

3.1. Elevated erosional notches

Well developed notches in bedrock have
been widely employed as palaco-sea-level indi-
cators in studies of active coastal faulting in
the Aegean region (e.g., Pirazzoli, 1986; Stiros
et al., 1992; Pirazzoli et al., 1994). They are at
best often ambiguous markers, since even
where correlated with dated marine fauna an-
cient notch horizons may be reoccupied by re-
cent organisms to yield a misleadingly youth-
ful age. Notches, however, are most reliable
where they display a fresh, well-defined form
and consistent arrangement between sites.
Along the Eliki Fault, erosional notches were
documented at three sites: 1) immediately east
of Diakopto; 2) on the rocky limestone coast
east of Paralia Platanou, and 3) on a isolated
limestone headland south of Aegira (fig. 2). At
all three sites, elevations of the notches were
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Fig. 2. Simplified geology of the coastal strip between Diakopto and Aegira annotated to indicate the location

of the main coastal sites discussed in the
dated in this study and listed in table L.
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defined in relation to «biological mean sea-
level» (Laborel and Laborel-Duegen, 1994)
and their detailed form profiled using an Ab-
ney level and 0.5 m measuring tape.

Several kilometres east of Diakopto (fig. 2),
well-defined notches are cut into compara-
tively-indurated beach conglomerate. Although
expressed as a series of low isolated blocks at
the western end, towards the east the upper
surface of the congloraerate forms a flat plat-
form at an elevation of about 6 m. Systematic
measurements of notch elevations at this site
reveal a prominent notch level at ~+1.7 m
above sea level, and less well-defined under-
cuts at elevations of +0.5, +2.3 and +3.7 m
above (fig. 3). The site, which lies a few hun-
dred metres east of the prominent onshore ex-
pression of the Eliki Fault, is coincident with
Schmidt’s 1861 rupture trace and the steep

(70°-dipping), east-west striking seaward face
of the conglomerate platform is likely to con-
stitute the emergent fault plane itself. Evidence
for this can be found in the highly cemented
and brecciated nature of the conglomerate
within a cm-wide zone immediately adjacent to
the scarp face, a feature that resembles com-
pact fault breccias described from normal
faults elsewhere in the Aegean region (Stewart
and Hancock, 1990). Minor faults offsetting
the flat platform surface within a few metres of
the coastal scarp, support the contention of re-
cent reactivation along this structure.

About 1 km east of Paralia Platanou, and
several kilometers east of the apparent termina-
tion of the 1861 rupture trace (fig. 2), fallen
limestone blocks preserved as small headlands
exhibit prominent erosional notches at various
levels (Mouyaris et al., 1992; Vita-Finzi, 1993)

MAP VIEW

Fig. 3. Series of coastal profiles (A-C) showing the morphology of erosional levels cut into a fragmented in-
durated conglomerate beachrock platform east of Diakopto. Scale shown by vertical graduated bar (no vertical
exaggeration), but figure shown for indicative scale. BMSL — Biological Mean Sea-Level. Map view shows
the location of the three profiles relative to a plan of the beachrock platform. Values represent the elevation in

metres of prominent undercuts at various points.
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Fig. 4. Coastal profiles at Paralia Platanou (east and west) and Aegira showing the inferred position (arrow-
heads) of prominent erosional levels cut into the limestone cliffs. Scale shown by vertical graduated bar (no
vertical exaggeration), but figure shown for indicative scale. BMSL — Biological Mean Sea-Level.

(fig. 4). Profiles of the limestone blocks reveal
considerable variability in form along strike,
but provide some support for consistent under-
cuts at elevations of +1.8-2.0, +3.5-3.7, +5.5,
and +7.5 m above sea-level, in order of de-
creasing reliability. Along the westermost
limestone headland, the lowermost 4-6 m of
the otherwise highly irregular rocky face is ex-
pressed as a steep, planar scarp, suggesting that
this is the coastal expression of a fault contigu-
ous with the shore.

Several kilometres south of the inferred off-
shore extension of the Eliki Fault, an isolated
headland of brecciated limestone near Aegira
is partially draped by a carapace of calcareous,
fossiferous Quaternary marine deposits (Mou-
yaris et al., 1992; Vita-Finzi, 1993). The irreg-
ular, patchy form of the carapace obscures
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the underlying bedrock morphology, though
prominent benches are displayed at elevations
of ~+3.0, ~+5.2 and ~+6.8 m. Where the
carapace has been removed, profiles indicate a
prominent notch at +3.5-3.7 m and a marked
break in slope at ~+1.8 m (fig. 4).

In summary, morphological evidence along
the Eliki Fault demonstrates prominent ero-
sional levels at +1.8 and +3.7 m above present
day sea level at all three sites studied, while
levels at +2.3 and +5.5 m can be detected
at all but Aegira. Less consistently defined
along the Eliki Fault are minor notches at
elevations of +0.5, +5.5 and +7.5 m. In com-
parison, Mouyaris et al. (1992) noted distinct
erosion levels at +1.7 and 5.7 m near Paralia
Platanou and at +2.2, +4.5 and +5.7 m near
Aegira.
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3.2. Radiometric dating of raised
marine fauna

Emergent marine fauna have been identified
from several localities along the Eliki Fault
(fig. 2) and reported in a number of previous
studies (table I). Subsequent radiometric dating
of this fauna has largely been carried out by
conventional '*C and AMS dating of in situ
shells of L. lithophaga (Mouyaris et al., 1992;
Stewart and Vita-Finzi, 1996), a boring mol-
lusc widely used in studies of active coastal
tectonics because the upper limit of borings is
a reliable indicator of mean sea-level (Stiros et
al., 1992). Lithophaga-derived dates are aug-
mented by an AMS date on a sample of the up-
per tidal-dwelling vermetid Dendropoma pe-
traeum (Papageorgiou et al., 1993), and by U-
series dating of a shallow-water coral (Clado-
cora caespitosa) (Vita-Finzi, 1993).

While the sample preparation for the non-
lithophaga dates are discussed in Papageorgiou
et al. (1993) and Vita-Finzi (1993), lithophaga
samples were screened for contamination using
X-ray diffraction supplemented by light and
scanning electron microscopy. The age data
were calibrated to calendar years using the
CALIB programme (Stuiver and Reimer,
1993), incorporating a reservoir age of 320
years (AR = —80%25 years) following Stiros et
al. (1992). The elevation data were corrected
for palaeo-sea-level changes using the
Holocene eustatic curve for the Mediterranean
region of Flemming and Webb (1986). It is
noted, however, that uplift rates derived from
this curve are likely to be minimum rates, since
the curve used predicts lower amplitude eu-
static sea-level changes than global sea-level
curves (Fairbanks, 1989; Blanchon and Shaw,
1995), whose applicability to the Mediter-
ranean region has yet to be established.

4. Coastal uplift and fault segmentation

The Eliki Fault comprises part of a belt of
roughly E-W trending active normal faults
which together form the western end of the
Gulf of Corinth fault system (Roberts and
Jackson, 1991; Roberts and Koukouvelas,
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1996). According to some structural studies,
the right-stepping segmentation of the coastal-
bounding normal fault system in this western
sector is accommodated by NNE-trending
cross-faults transferring displacement between
offset normal fault segments (Doutos and
Poulimenos, 1992; Poulimenos, 1993). A ma-
jor «transfer zone» is identified between
Akratas and Aegira, across which contrasting
sedimentary sequences are reported (Pouli-
menos et al., 1989; Dart et al., 1994). A ma-
rine seismic reflection profile crossing the line
of the Eliki Fault east of Akratas shows little
or no bathymetric expression of this structure
here (Ferentinos et al., 1988), supporting the
contention that fault displacement is reduced
substantially in this area in a manner consistent
with Akratas marking the eastern end of the
Eliki Fault segment. It is noteworthy, however,
that Roberts and Koukouvelas (1996) argue
that, in structural terms, the Eliki Fault seg-
ment as defined here is part of a longer coher-
ent structural unit.

Determining the pattern of fault segmenta-
tion in the study area is important because the
along-strike structure of an active normal fault
exerts considerable control on the distribution
of coseismic slip (Crone et al., 1987) and, in
the long-term, of cumulative uplift along the
emerging footwall crest (Zhang et al., 1991;
Roberts and Gawthorpe, 1994). In particular,
dislocation theory dictates that the extent of
footwall emergence is greatest along the cen-
tral portion of a fault segment and decreases
both laterally towards its fault tips and with in-
creasing distance into the footwall (e.g.,
Roberts and Koukouvelas, 1996). It follows
that shoreline indicators elevated in the foot-
wall of the central portion of a fault segment
will experience greater uplift rates (and higher
fault-slip rates) than phenomena of equivalent
age raised near the fault tip. Within the step-
over or transfer zone between overlapping fault
segments, both the rate and sense of net eleva-
tion change may be obscured.

Along the Eliki Fault, Holocene uplift data
is available for two coastal sites in the imme-
diate footwall of the main fault segment
(Diakopto and Paralia Platanou) and one site in
an inferred transfer zone in the footwall of the
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Fig. 5a,b. Figure illustrating the coseismic behaviour of normal faults. a) Idealised block diagram showing
the effect of normal-fault segmentation on coastal uplift (from Collier and Gawthorpe, 1994, fig. 7). b) Gener-
alised model profile showing the coseismic (dotted) and combined coseismic and postseismic (dashed) defor-
mation associated with a normal fault dipping at 45° and cutting an elastic layer of 15 km thickness (from
King et al., 1988).
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segment tip (Aegira). Despite these contrasting
structural positions, the Diakopto/Paralia Pla-
tanou and Aegira sites show no significant dis-
parity in long-term uplift rates (table I). In-
deed, if anything, coastal uplift rates within the
Aegira «transfer zone» appears to exceed that
recorded immediately inboard of the active
fault. Such consistent emergence indicates that
tectonic uplift along this coastal zone can not
be explained solely by repeated coseismic dis-
location of a fault segment which terminates
around Akratas, because under this tendency the
Aegira site should be an area of net slip deficit.
Thus, it appears that at the scale of inquiry pre-
sented here, the coastal sites can be considered as
uplifting as a broadly coherent unit.

Although comparable ranges of uplift rates
for sites close to and distant from the main
Eliki Fault segment fail to discriminate along-

strike variations in Holocene fault activity, an
age-height plot of dated elevated marine fauna
(fig. 6) reveals apparent temporal changes in
the rate of coastal uplift over the last 10000
years. In particular, the data can perhaps be
viewed in terms of two pulses of enhanced tec-
tonic activity, between 0-3000 year B.P. and
pre-7-8000 year B.P., during which uplift rates
are likely to have been 2.0-2.5 mm/yr. In con-
trast, these are separated by a ~4-5000 year
long period of tectonic quiescence during
which minimal uplift occurred. The most re-
cent phase of tectonism, responsible for ~6 m
of uplift over the last 3000 years, is coincident
with the two historical earthquake events at-
tributed to the Eliki Fault. The next section,
however, examines whether the uplift experi-
enced during this period can be solely at-
tributed to recurrent coseismic movements,
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Fig. 6. Age-height plot for elevated shoreline fauna along the proximal (Paralia Platanou and Diakopto) and
distal (Aegira) portions of the Eliki Fault. Horizontal boxes show age errors at 2 standard deviations. Eustatic
corrections after Flemming and Webb (1986, fig. 10) and age in calender years using the CALIB adjustment of
conventional '*C age (Stuiver and Reimer, 1993). Timing of the A.D. 1861 and 373 B.C. earthquakes shown
by arrows. Thick dashed line highlights the apparent switching between enhanced tectonic uplift and tectonic
quiescence during Holocene times.

583




Tain Stewart

5. Coseismic versus aseismic deformation

Multiple fossil shorelines have in adjacent
parts of the Central Aegean region been cited
as evidence of punctuated metre-sized coastal
uplift events and attributed to coseismic fault
motions. Stiros et al. (1992), for example, in-
terpreted an extensive, near-continuous notch,
raised 0.7 m above present-day sea level, along
the northern coast of Euboea Island as the
product of coseismic uplift around 2500 year
B.P. The lateral persistance of the fossil shore-
line (~70 km long), the intact state of elevated
marine borings and the structural continuity of
the coastal-bounding fault escarpment were
cited as evidence of a coseismic origin. Simi-
larly, Pirazzoli et al. (1994) ascribed a flight of
four tidal notches cut into Mesozoic limestone
cliffs on the Perachora Peninsula, Eastern Gulf
of Corinth, to repeated uplift movements, each
of about 0.8+0.3 m, over the last 6400 years.
Again the observation that associated L.
lithophaga shells remained articulated and in
growth position suggested that they were
raised above wave action rapidly. In a part of
the Mediterranean region where the tidal range
is of the order of 0.5 m, coseismic uplift is ex-

pected to be at least this value to raise marine
phenomena beyond the littoral zone.

Despite the recognition that the Aegion-Ae-
gira zone clearly experiences movements gen-
erated by large earthquakes, and therefore that
consequential uplift is likely to be episodic
rather than uniform, Stewart and Vita-Finzi
(1996), argue that uplift can not be the product
of simply repeated coseismic displacements.
They contend that while ground breaks associ-
ated with normal faulting earthquakes may be
up to several metres in height, field and geode-
tic studies show that the proportion of this dis-
placement which contributes to footwall uplift
is generally restricted to only a few tens of
centimetres (fig. 5b and table II). As a result,
several tens of moderate magnitude (M, 6.0-
7.0) earthquakes, each contributing 0.2-0.3 m
to coseismic uplift, are required during the last
three millenia to produce the observed 6 m of
coastal uplift. No such frequency is inferred
from historical sources (Ambraseys and Jack-
son, 1990).

The inability to attribute recorded coastal
emergence to repeated coseismic increments
indicates that a «ncn-coseismic» uplift mecha-
nism must be operating along the Eliki Fault.
Support for this conteution comes from archae-

Table II. Summary of the main characteristics of recent normal faulting earthquakes which highlights the
disparity between coseismic subsidence and coseismic uplift for such events.

Rupture Maximum Coseismic Coseismic

Earthquake Year M, length offset uplift ~ subsidence Sources
(km) (m) (m) (m)
Edgecumbe, NZ 1987 6.6 7 2.5 <0.1 1.5 Beanland et al. (1990)
Borah Peak, Idaho 1983 7.3 >20 2.5-2.7 <03 1.2 Stein and Barrientos (1985);
Crone et al. (1987)

Gulf of Corinth, 1981 6.4-6.7 15 1.5 0.2 1.5 Jackson et al. (1992);
Greece Vita-Finzi and King (1985)
Hebgen Lake, 1959 75 30 6.5 0.5 6-6.5 Koseluk and Bischke (1981)
Montana
Fairview Peak, 1954 7.1 24 3.5 0.1-0.3 1.1 Slemmons (1957);
Nevada Savage and Hastie (1966)
Eliki, Greece 1861 ? 13-15 2-2.4 ? ? Mouyaris et al. (1992)
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ological and biological evidence at the ancient
harbour of Aegira, where only half the 2 m of
land uplift during the last 2000 years can be at-
tributed to a coseismic movement (dated to
A.D. 900-1200) (Papageorgiou ef al., 1993). In
addition, repeated levelling data over the last
fifty years infers 20-30 ¢cm of uplift for the Ae-
gira region (Stiros, 1988). Such uplift may re-
flect regional aseismic movement, such as that
proposed to accompany underplating along the
Hellenic subduction zone (Roberts and Jack-
son, 1991; Collier et al., 1992). Equally, how-
ever, it may be the cumulative effect of dis-
tributed deformation accompanying moderate
magnitude seismicity on other faults within the
Western Gulf of Corinth. A likely «local» up-
lift mechanism, however, is that accompanying
the aseismic portions of the earthquake cycle,
in particular, postseismic deformation. Mod-
elling of postseismic movements associated
with normal faults shows that relaxation causes
broad uplift centred on the fault itself and is
capable of generating uplift equivalent to that
achieved coseismically (King er al, 1988)
(fig. 5b). Postseismic deformation accompanying
the 1959 Hebgen lake earthquake, for example,
resulted in ~0.3 m of uplift over a broad area in
the subsequent two decades, though there after
uplift rapidly decreased (Reilinger, 1986).

It is likely that at least some of the coastal
uplift recorded along the Eliki Fault reflect
postseismic rebound in the immediate vicinity
of the fault. Armijo er al. (1996) have ele-
gantly modelled late Quaternary shoreline up-
lift in the Eastern Gulf of Corinth by flexural
dislocation on the gulf-bounding fault, where
long-term uplift rates are ~1.5 mm/yr (Kerau-
dren and Sorel, 1987; Collier er al., 1992),
comparable with the Holocene uplift rates re-
ported here. This implies that fault-related
footwall uplift can achieve the required coastal
emergence without recourse to regional tec-
tonic mechanisms. If this is the case, «docu-
mentation of postseismic rebound indicates
that the deformation accumulated around a
normal fault is not simply the sum of strains
associated with elastic (slip) events» (Roberts
and Yielding, 1994, p. 230), a recognition that
clearly presents difficulties in isolating the
palaeoseismic component from the composite
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coastal record. It also presents a difficulty in
translating uplift rates into fault-slip rates,
since the extent of hangingwall subsidence re-
mains uncertain, partly because coseismic sub-
sidence bears no empirically-determined rela-
tion to coseismic emergence and partly be-
cause net subsidence is reduced by postseismic
recovery (for example, G.C.P. King, personal
communication, suggests that the net ratio be-
tween footwall uplift and hangingwall subsi-
dence may approach 50:50). In the absence of
a more detailed understanding of the dynamics
of normal faulting, coastal uplift rates, can
only be used as a very approximate measure of
fault-slip rates.

6. Palaeoseismicity along the Eliki Fault

The recognition that moderate magnitude
normal-faulting earthquakes generate coseis-
mic and postseismic uplift of around a few tens
of centimetres (Stewart and Vita-Finzi, 1996),
implies that the prominent notch level at + 1.7
m is unlikely to be attributed to the A.D. 1861
event (as inferred from Mouyaris et al., 1992
and Vita-Finzi, 1992). This contention is sup-
ported by radiocarbon dating of L. lithophaga
from a +1.5 m high notch east of Diakopto,
which dates the emergence of this erosional
level to between A.D. 440 and A.D. 870. This
age range overlaps with that derived from
emergent vermetids collected at + 1 m near Ae-
gira (Papageorgiou et al., 1993) (table I), sug-
gesting that if the fresh, well-defined notch is
to be attributed to a rapid dislocation of the
coastline, it is most likely attributed to a co-
seismic event in the 8th-9th century A.D. De-
spite the uncertain age determination, the evi-
dence points to an additional surface faulting
event along the Eliki Fault between the two
historically reported events of A.D. 1861 and
373 B.C.

Radiocarbon dating of fauna associated with
the +3.7 m notch level indicates that this sur-
face may be correlatable with the 373 B.C.
earthquake which destroyed ancient Helice.
Thus while fauna immediately above and be-
low this level yield age ranges which consis-
tently predate and postdate, respectively, the
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historical event, lithophaga collected from the
+3.7 m level yields a calibrated age of 390
B.C. The very broad age range for +3.7 m
sample precludes a more confident correlation,
but the coincidence of an overlapping age
range and the well-defined nature of this ero-
sional level strongly suggests that it is the mor-
phological expression of this event. Note that
there is no distinct morphological imprint of
the A.D. 1861 event.

Uncertainties in attributing more minor
notch levels to specific coastal uplift events
warrants restriction of this discussion only to
the two main notch levels of +1.7 and +3.7 m.
It is likely, however, that higher notch levels
may record pre-373 B.C. earthquakes (though
not necessarily along the Eliki Fault) and that
the Holocene uplift data may be used to tenta-
tively bracket their age, though this is largely
speculative. Nevertheless, the evidence pro-
vided by the major notch levels throws more
light on the palaeoseismic history of the Eliki
Fault. In particular, it suggests that at least 3
surface faulting events have occurred during
the last 2500 years, requiring the previous esti-
mate of recurrence interval of 1600 years
(Mouyaris et al., 1992) to be revised. Instead, a
more realistic estimate based on this study is
around 1000 years. Such a recurrence interval,
however, must be seen as characteristic of the
recent intense phase of tectonic activity along
the Eliki Fault and is not typical of its seismo-
genic behaviour throughout Holocene times.
This recognition of alternating periods of tec-
tonic activity and tectonic quiescence on the
Eliki Fault, also documented from other studies
of active normal faulting (e.g., McCalpin,
1993), illustrates the difficulties in deriving
meaningful forecasts of earthquake incidence
from palaeoseismic chronologies.

7. Discussion and conclusions

The Holocene coastal record of tectonic
emergence in the footwall of the Eliki Fault is
a poor discriminant of coseismic uplift events.
For the most part, the record is based on ero-
sional notches and elevated marine fauna
which cannot be unambiguously -correlated
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with former sea-levels. More importantly, the
uniformity of uplift along the Eliki Fault, the
minor contribution played by coseismic uplift
in normal-faulting earthquakes and the absence
of frequent surface faulting in the historical
record, require the bulk of coastal uplift to be
achieved through non-coseismic deformation
(Stewart and Vita-Finzi, 1996). Although the
precise nature of the deformation remains un-
clear, the involvement of a significant non-co-
seismic faulting component clearly obscures
the size and timing of past earthquake events.
Nevertheless, some important implications for
the palaeoseismic behaviour of the Eliki Fault
are inferred.

1) Morphological evidence suggests at least
three surface faulting events occurred along the
Eliki Fault during the past 2500 years. Al-
though the size of these events cannot be re-
constructed from the coastal record, the recog-
nition of a new historical earthquake event
around the 8th-9th century A.D. suggests that
previous recurrence estimates of 1600 years
need to be revised to around 1000 years.

2) The chronology of coastal emergence
along the Eliki Fault indicates that marked
changes in the rate of coastal uplift occurred
during Holocene times. In particular, two
phases of enhanced tectonic activity are identi-
fied (0-3000 year B.P. and pre-7-8000 year
B.P.) during which uplift rates were around
2.0-2.5 mm/yr. These periods were separated
by a 4-5000 year long period of tectonic quies-
cence during which uplift was minimal. Such
clustering of earthquakes in time raises ques-
tions about the future timing of earthquakes
along the Eliki Fault.

3) Finally, evidence of rapid Holocene up-
lift in the footwall of the offshore portion of
the Eliki Fault raises the question of its seismic
potential. Thus while the mapped 13-15 km
long rupture and ~2 m fault displacement of
the A.D. 1861 event (Schmidt, 1879) is consis-
tent with that expected of moderate magnitude
(~M; = 6.5) normal faulting events docu-
mented elsewhere in Central Greece (Roberts
and Jackson, 1991), the coastal record suggests
that the seismogenic fault may extend signifi-
cantly offshore, making its true seismogenic
length considerably greater.
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