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ABSTRACT

The Greek Database of Seismogenic Sources (GreDaSS) is a repository
of geological, tectonic and active-fault data for the Greek territory and its
surroundings. In this report, we present the state-of-the-art of an on-going
project devoted to the building of the GreDaSS, which represents the re-
sults of decades of investigations by the authors and a myriad of other re-
searchers working on the active tectonics of the broader Aegean Region.
The principal aim of this international project is to create a homogeneous
framework of all of the data relevant to the seismotectonics, and espe-
cially the seismic hazard assessment, of Greece and its surroundings, as
well as to provide a common research platform for performing seismic haz-
ard analyses, modeling and scenarios from specific seismogenic structures.
In particular, we introduce and synthetically describe the results obtained
(and included in the database) to date in the northern sector of continen-
tal Greece and the Aegean Sea. As a first step we collected all available
(both published and unpublished) historical and instrumental seismicity
data relevant to the determining of the causative faults. Following the ex-
perience of recent 'surprising’ earthquakes (e.g. 1995 Kozani, and 1999
Athens), we realized the deficiency of such an approach, and decided to
also include in the GreDaSS active faults (i.e. seismogenic sources) recog-
nized on the basis of geological, structural, morphotectonic, paleoseis-
mological and geophysical investigations. A second step is the critical
analysis of all of the collected data for the extraction of the necessary seis-
motectonic information, enabling the recognition of as many seismogenic
sources as possible, as well as their characterization and parameteriza-
tion. The most updated version of the database consists of numerous seis-
mogenic sources that are categorized into three types: composite,
individual, and debated. In this report, we describe the major seismotec-
tonic properties of all of the composite seismogenic sources and individ-
ual seismogenic sources in northern Greece, which imply the partitioning
of the area into five sectors that show similar internal behavior. Northern
Greece was chosen as a pilot area because the parameters and accompa-
nied metadata of its seismogenic sources show a high level of confidence
and completeness. The amount of information and the degree of uncer-
tainty is different for the three types.
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1. Introduction

The broader Aegean Region is among the most tec-
tonically active areas of the Mediterranean realm. The tec-
tonic regime is relatively complex, and produces
earthquakes with many different orientations of their P/T
axes [Papazachos and Kiratzi 1996, Hatzfeld 1999, Kiratzi
and Louvari 2003], and a large variety of fault types, both in
terms of dimensions and kinematics. The recent geody-
namic evolution of the Aegean Region, and especially its
northern sector, which is the focus of this report, is charac-
terised by the dominant crustal stretching and the westward
motion of the Anatolian plate along the North Anatolian
Fault. This motion is related at the same time to the lithos-
pheric subduction of the retreating African plate beneath
the Hellenic Trench [e.g. Caputo et al. 1970] since at least
Oligocene period [Le Pichon and Angelier 1979, Gautier et
al. 1999]. In more detail, and according to geological, geo-
detic, seismological and paleomagnetic investigations [An-
gelier 1979, Mercier 1981, Kissel and Laj 1988, Hatzfeld 1999,
Papazachos 1999, Kondopoulou 2000, Papazachos 2002], the
tectonics of the Aegean Region is much more complex than
that, as the inner part undergoes intense internal deforma-
tion. Indeed, the area is characterized by intense seismicity
both in terms of magnitude and frequency.

Earthquakes have caused many casualties in both
human lives and destruction in Greece since the early known
historical events [e.g. Papazachos and Papazachou 1997, Pa-
padopoulos 2000]. The seismic risk nowadays is even greater
than in the past, due to the denser population, living in large
urban areas that are characterized by a higher building com-
plexity. A representative example is the September 7, 1999
(M, = 5.9) Athens earthquake, which even though it was a
moderate-sized earthquake, it strongly affected the metro-
politan area of Athens, which includes nearly half of the
Greek population, causing many deaths and severe damage.
Previously, the area was considered to be of low seismic ac-
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tivity, as no important earthquakes had been reported either
historically or instrumentally [Papadimitriou et al. 2002], and
the causative Fili Fault [Pavlides et al. 2002], which has clear
morphotectonic expression [Ganas et al. 2004], was not rec-
ognized as an active fault until then.

Although shallow, earthquakes in Greece commonly
occur along well-de ned zones (e.g. Gulf of Corinth, South
Thessaly, Ionian Sea); moderate to large earthquakes (M = 5.5)
have also occurred in regions where seismicity was very low
or totally absent and were considered as aseismic blocks (e.g.
Kozani and Athens, as the two most recent examples). As a
consequence, seismic hazard assessment should not be esti-
mated only based on historically or instrumentally well-
known sources [Pavlides and Caputo 2004, Caputo et al.
2008], as it needs complementary, more geological, investi-
gational approaches. Indeed, the recognition of active faults
and their seismotectonic characterization with other non-
seismological tools represent crucial contributions to the
seismic hazard assessment of a highly seismogenic region
like Greece and its surroundings. In this regard, active faults
are often studied individually or at a regional scale. This
causes two effects: rst, the data are scattered and sometimes
'hidden' in various studies; and secondly, the data are some-
times inconsistent when they derive from investigations car-
ried out by different approaches and different authors.

Having foreseen the importance to hold and manage all
of the data collected from active fault investigations, many
research institutes worldwide have built databases at the na-
tional scale. For example, GNS Science in New Zealand
(http:/ /data.gns.cri.nz/af/), the Institute of Advanced In-

dustrial Science and Technology in Japan (http:/ /riodb02.
ibase.aist.go.jp/activefault/index_e.html), the United States
Geological Survey (http://pubs.usgs.gov/fs/2004/3033/fs-
2004-3033.html) and the Istituto Nazionale di Geo sica e Vul-
canologia in Italy INGV; http://diss.rm.ingv.it/diss/) have
the most developed databases of active faults. Following the
track, but especially feeling the need to 1l a scienti ¢ gap,
our working-group is currently building a similar database
for the Aegean Region, the Greek Database of Seismogenic
Sources (GreDasSs). It is a continuously updatable database
of all of the faults re-actived in historical or instrumental
times, as well as of geologically determined active faults (Fig-
ure 1). The database provides many levels of consistent and
uniform information, like the principal seismotectonic para-
metres (e.g. location, geometry, kinematics), descriptions
(e.g. comments, open questions, and literature summaries,
Figures, relevant literature), and much more.

The GreDaSS is already part of the Seismic Hazard Har-
monization in Europe (SHARE) project, a European-scale
project that involves all of the steps leading to a harmonized
in de nition of engineering
requirements, in collection and analysis of input data, in pro-

assessment of seismic hazard

cedures for hazard assessment, and in engineering applica-
tions. Although the state-of-the-art of the Greek database
covers the entire Aegean Region in the framework of the
SHARE project, northern Greece is presented in this report
as a pilot area, because it documents the highest level of
completeness for both seismogenic sources and their associ-
ated metadata. As part of the SHARE project, the efforts of
our working group have also contributed to the world-wide

Figure 1. Map of the seismogenic sources recognized in the Northern Aegean region and included to date in the GreDaSS. Inset: Overview of the region.
Dashed boxes indicate Figures for further details. ISS, individual seismogenic sources; CSS, composite seismogenic sources; DSS, debated seismogenic sources.
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Global Earthquake Model (GEM) project.

The informatic structure and methodological ap-
proaches of the GreDaSS are based on the well-tested, time-
proven, worldwide acknowledged database proposed by the
INGYV for the Italian Database of Individual Seismogenic
Sources (DISS), which represents the result of almost 20 years
research experience of its Working Group [Valensise and Pan-
tosti 2001, Basili et al. 2008]. It is built in a geographic infor-
mation system (GIS) environment, which contains all of the
necessary geographical information for the appropriate rep-
resentation, and all of the available structural parameters,
which are accompanied by comments, open questions, short
summaries of the available literature, and selected gures.
The seismogenic sources consist of three main types: Com-
posite Seismogenic Sources (CSSs), Individual Seismogenic
Sources (ISSs), and Debated Seismogenic Sources (DSSs).

It is important to include a few words on the terms 'seis-
mogenic source', 'capable fault' and 'active fault'. Indeed,
their distinction is subtle, because a tectonic structure that
has been ruptured in the recent past (historical instrumental
period) is generally considered a 'seismogenic source', al-
though it will probably remain 'inactive' for several centuries,
or even for thousands of years (i.e. interseismic period). Ac-
cordingly, such a structure might be of no interest for seismic
hazard assessment (SHA) analyses. On the other hand, for
SHA purposes, we are certainly more interested in the 'ca-
pable fauts' (i.e. faults that in the present stress regime might
generate moderate-to-strong events, say with M > 5.5) as
they will eventually become seismogenic sources in the more
or less near future. For the aims of this study, the two terms
have a large overlap in meaning, given that a seismogenic
source was a capable fault, and a capable fault sooner or later
will become a seismogenic source. In a geological perspec-
tive (i.e. over much longer than a single seismic cycle), the
expression 'active fault' generally embraces both terms. For
the sake of simplicity, here we use the two terms with the
above-de ned meanings, but we also refer to both types of
structures as active faults.

The present study is not focused on a description of the
philosophy, structure and technical issues of the database;
this information can be found in Basili et al. [2008]. The prin-
cipal aim of the present study is to present the state-of-the-art
of the GreDaSS by synthesizing all of the seismogenic
sources included in northern Greece, as far as this region is
satisfactorily complete. The investigations for other sectors
of the Aegean are still in progress, and they will be not pre-
sented and discussed here.

It is important to remember that four parameters
(length, width, slip-per-event and magnitude) of ISSs are in-
terconnected by relationships
[Kanamori and Anderson 1975, Hanks and Kanamori 1979,
Wells and Coppersmith 1994], as was described at length by
Basili et al. [2008]. Therefore, if a parameter is lacking, it is
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common practice to obtain it accordingly, using empirical re-
lationships. A typical example is represented by the infor-
mation relative to the average displacement (or the
slip-per-event), which is often missing and which can be esti-
mated using the empirical relationship of rupture area
(length x width) versus magnitude [Wells and Coppersmith
1994] and inverting the seismic moment equation, keeping
constant rigidity (3.5 x 10! Pa) and resolving for slip.

With the exception of the choice relative to the length pa-
rameter, which is based on possible structural complexities and
the occurrence of possible segment boundaries, the method-
ological approach for the CSSs is the same as for the ISSs.

For the maximum expected magnitude for both ISSs and
CSSs, the values reported in the corresponding Tables were
obtained by using the empirical relationship of magnitude
versus rupture area [Wells and Coppersmith 1994].

All isolated faults of limited dimensions, and particu-
larly those not capable of producing at least moderate earth-
quakes (M = 5.5), are deliberately excluded from the
database. On the other hand, ISSs can consist of smaller ge-
ological segments which can be brie y described through the
ISS properties. A CSS can also consist of many ISSs that can
be characterized as segments. In this case, an ISSis de ned as
a portion of a greater structure that shows homogeneous
seismotectonic behavior in the recent past. This does not ex-
clude the possibility that the segment is presently breached
with nearby segments, or that the segments behave always as
a unique rupture surface, or will behave as a unique seismo-
genic source in the future. For this reason, the likelihood that
a single event will occur to reactivate either breached, linked
or as-yet isolated segments is also discussed for each CSS.

2. Building the database

For the construction of any database of seismogenic
sources, there are two basic steps: rst, all of the active faults
that affect a speci ¢ region need to be recognized; and sec-
ondly, each seismogenic structure should be seismotectoni-
cally parameterized. To achieve the rst step, especially in
regions like the Aegean where earthquake catalogs cover a
very long time period (ca. 2.5 ka) and are particularly rich
and relatively complete, at least as concerns the large earth-
quakes, it is common practice to start analyzing the histori-
cal and instrumental seismicity that affects the speci ¢
region. In particular, large earthquakes are systematically
considered and tentatively associated with the speci ¢
causative fault (Figure 2; Table 1).

Like many other places around the world, the seismicity
in northern Greece is not homogeneously distributed, either
in frequency or in density. Historical information is similarly
not uniform all over the region, and even the most complete
and updated earthquake catalogs [Ambraseys and Jackson
1990, Guidoboni et al. 1994, Papazachos and Papazachou
1997, Ambraseys and Jackson 1998, Ambraseys 2001, Pa-
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Figure 2. Historical seismicity (top; from Papazachos and Papazacou 1997) and instrumental seismicity (bottom; from the National Observatory of
Athens, Greece) in the Northern Aegean region.

pazachos and Papazachou 2003, Guidoboni and Comastri quake, and the 1978 Thessaloniki earthquake) and many his-
2005, Ambraseys 2009] are in some cases contradictory or  toric events. West Macedonia had demonstrated extremely
doubtful in the descriptions of past events, and especially the low seismicity [Voidomatis 1989, Papazachos 1990] until May

older ones. Accordingly, this hampers quantitative exploita- 15,1995, when a M = 6.5 earthquake occurred in the vicin-
tion of the data, and sometimes makes the correlation of the ity of Kozani. The pattern then changed back to sparse and
events with any recognized fault dif cult[Caputo et al. 2008]. infrequent seismicity, with a few instrumentally recorded
For example, a quick view of the entire study area (Figure 2) moderate events in the area of Epirus, and generally in the
shows sparse and infrequent seismicity in Eastern Macedonia ~ broader northwestern Greece. A possible explanation for this
and the Thrace Region, where no signi cant seismicity has difference is that the historical record is obviously richer in
been recorded instrumentally. On the contrary, central Mace- densely populated areas, while mountainous regions like
donia and Chalkidiki show intense activity, which includes Epirus have always been sparsely populated, and hence the
instrumentally recorded events (e.g. the 1932 lerissos earth-  historical record might be missing. Nevertheless, the instru-
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Date Latitude Longitude

(yyyy/mm/dd) ©N) CE) . 195 35
Northern Greece fault belt

1784/11/06 41.1 25.5 6.7 Komotini

1829/04/11 41.1 24.2 n/a Xanthi

1829/05/05 41.1 24.2 7.3 Drama and Prosotsani Drama
Chalkidiki fault system

677 40.70 23.50 6.4

700 40.70 23.10 6.5

1420/07 40.80 23.10 6.0

1430/03/26 40.70 23.20 6.0

1677 40.50 23.00 6.2 Souroti

1759/06/22 40.60 22.80 6.5 Angelochori

1902/07/05 40.82 23.04 6.5 Langadhas

1932/09/26 40.45 23.86 6.9-7.0 Stratoni-Varvara
1932/05/11 40.4 23.7 6.3 Gomati
1978/06/20 40.61 23.27 6.5 Gerakarou

'Anti-Hellenides' fault system

1395/10 40.9 22.3 6.7

1695/09/26 40.1 21.8 6.5 Rymnio?

1990/12/21 40.92 22.36 6.0 Goumenissa

1995/05/13 40.16 21.67 6.6 Palaeochori and Rymnio

1996/07/26 40.08 20.61 5.3 Konitsa

North Aegean Sea fault system

197 B.C. 40.0 25.4 7.0 Lemnos
1719/07/23 40.4 26.0 6.7 Samothraki SE

186/008/06 40.4 25.8 6.2 Samothraki SE

1893/02/09 40.49 25.53 6.8 North Samothraki

1905/11/08 40.0 245 7.5 Athos

1912/08/09 40.62 26.88 7.6

1968/02/19 39.5 25.0 7.1 Aghios Efstratios

1975/03/27 40.4 26.1 6.6 Saros

1982/01/18 39.78 245 7.0 NAB Segment B

1983/08/06 40.0 24.7 6.8 NAB Segment A

2003/07/06 40.38 26.25 5.7 Saros

Thessalian fault system

1941/03/01 39.67 22.54 6.3 Asmaki

1954/04/30 39.28 22.29 7.0 Ekkara

1957/03/08 39.3 22.7 6.5 Righeo

1957/03/08 39.38 22.63 6.8 Righeo?

1980/07/09 39.27 22.93 6.5 Volos

1980/07/09 39.16 22.68 6.1 Nea Anchialos

1985/04/30 39.26 22.89 5.6 Volos

Table 1. Major historical and instrumental earthquakes of the investigated area and their likely causative seismogenic sources, as discussed in the main
text [from Papazachos and Papazachou 1997, 2003, Papazachos et al. 2009]. NAB, North Aegean Basin.
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mental seismicity appears to mimic the historical pattern, al-
though the time window is possibly too narrower.
Following the above criticisms and due to the associated
uncertainties, any database of seismogenic sources based only
on historical and instrumental seismicity would be largely in-
complete, and therefore of limited use; e.g. for SHA analyses.
Accordingly, we also decided to include in the GreDaSS seis-
mogenic sources recognized on the basis of other criteria, and
to use the available data to improve the seismotectonic pa-
rameterization of the 'historically’-de ned sources [see dis-
cussion in Caputo et al. 2008]. In other terms, all of the
seismogenic sources included in the database have been rec-
ognized, selected and seismotectonically characterized, by ap-
propriately blending the information obtained from the
different approaches, methods, data and investigation tech-
niques, like instrumental and historical seismicity, paleoseis-
mological, archeoseismological and morphotectonic studies,
and geodetic data on active deformation. All these datasets
were opportunely weighted according to the degree of un-
certainty attributed to each available piece of information.
Figure 1 shows the seismogenic sources (CSS, ISS and
DSS) included at present in the GreDaSS, for roughly north
of latitude 39 N. At rst glance, the CSSs and ISSs in Figure
1 that affect this region roughly delineate ve sectors: (i) a
northern E-W-trending fault belt in Thrace and Eastern
Macedonia; (ii) a complex E(SE)-W(NW)-trending fault sys-
tem that affects the Chalkidiki peninsula and tha is possibly
associated with low-angle detachments; (iii) the NE-SW-
trending transverse anti-orogenic (‘anti-Hellenides'") fault sys-
tem in Western Macedonia and Epirus; (iv) the
(E)NE-(W)SW-trending North Aegean Sea fault system,
which is almost exclusively located offshore; and (v) the
E(SE)-W(NW)-trending Thessalian fault system. In the fol-
lowing sections, all of the seismogenic sources are syntheti-
cally described in terms of their seismotectonic parameters,
and their relationships with historical and instrumental

earthquakes is discussed. In contrast, the DSSs represented in
Figure 1 will be not described and discussed in this report,
given that these sources are either too uncertain or that their
recent activity is debated.

3. The northern Greece fault belt

Northern continental Greece, and particularly Thrace
and Eastern Macedonia, are affected by several roughly E-W-
trending normal faults that form an almost continuous re-
gional-scale fault belt that starts from the border with Turkey
and extends for more than 300 km to the Vardar Valley. In
the database, there are ve CSSs, some of which also contain
well-de ned segments (ISSs) (Figures 1 and 3; Table 2).

Some historical earthquakes, among which there were
the 1784 Komotini, 1829 Drama, and 1829 Xanthi earth-
quakes (see discussion on magnitudes below; see also Table
1), occurred in this region, and these are examined in the fol-
lowing, together with the causative faults. However, no mod-
erate-to-large earthquakes have hit the area since then, and
certainly not during the instrumental period.

We will describe the seismogenic sources from east to
west, referring to Figure 3.

3.1. Maronia CSS

The Maronia CSS (CSS code, 160) [Chatzipetros and
Pavlides 2004, Mountrakis et al. 2006] is a ca. 54-km-long fault
zone, striking from E-W to ESE-WNW, dipping to the south,
and divided into three segments (not distinguished in Figure
3; see also Table 2) [Chatzipetros and Pavlides 2004]: (i) The
Marmaritsa Fault, to the west, that strongly controls the
shoreline by creating an impressive N110 -120 striking scarp
that is associated with a southwards dipping (55 -60 ) fault.
This segment is characterised by an up to 5-m-thick breccia-
tion zone, which shows evidence of recent reactivations (e.g.
corrugations, striations). (ii) The central Messimvria Fault,
striking E-W and dipping southwards (70 -75 ) mainly ex-

SR A

Figure 3. Map detail of the seismogenic sources belonging to the "Northern Greece fault belt". See Figure 1 for map location and seismogenic sources.

Three-digit labels refer to the database code of the seismogenic source (ISS codes in italics). Years are provided for major earthquakes discussed in the main

text (see also Table 1).
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Seismogenic Type Code Length Width Min.  Max. Strike Dip Rake  Slip per Slip Recurrence Potential

source depth  depth event rate interval M,
(km)  (km)  (km)  (km) ) ) ) (m)  (mm/a) (ka)

Maronia CSS 160 54.0 17.1 0 14 80-120 45-75 230-280 1.56 0.4-0.7 n/a 7.0
Thrace CSS 150 123 19.5 0 14 40-115 35-75 200-290 1.56 0.2-0.5 n/a 7.0
Komotini ISS 150 29.0 15.5 0 12.7 108 55 290 0.90 n/a n/a 6.7
lasmos ISS 151 16.7 15.5 0 12.7 68 55 265 0.55 n/a n/a 6.4
Xanthi ISS 152 27.5 16 0 12.3 93 50 265 0.7 n/a n/a 6.6
Drama CSS 140 48.1 19.9 0 15.0 80-135 40-65 265-280 1.56 0.2-0.4 n/a 7.0
Prosotsani ISS 141 27.0 15.0 0 12.3 95 55 275 0.70 n/a n/a 6.6
Drama ISS 140 20 10 0 9.7 90 75 275 0.50 n/a n/a 6.3
Serres CSS 145 31.1 18.6 0 16.0 80-140 50-80 260-280 1.16 0.05-0.1 n/a 6.8
Belles CSS 130 59.3 18.6 0 15.0 50-115 45-70 250-280 1.56 0.2-0.4 n/a 7.0
Petritsi ISS 130 26.0 13.0 0 11.3 90 60 270 0.61 n/a n/a 6.5
Kastanoussa  ISS 131 25.0 13.0 0 11.8 90 65 270 0.60 n/a n/a 6.5

Table 2. Seismotectonic parameters of the CSSs and ISSs included in the Northern Belt (see Figure 3). CSS, composite seismogenic source; ISS, individual
seismogenic source; Code, identi cation number within the database; n/a, not available.

tends offshore and is based on the analysis of detailed bathy-
metric maps. (iii) The eastern Makri Fault, which partially
overlaps the Messimvria Fault, and is associated with a group
of minor south-dipping sliding planes that affect the young
(Late Quaternary?) sediments and marine terraces. The Mes-
simvria Fault is the most active segment of the three above,
although the dimensions are insuf cient for all to individu-
ally produce at least an intermediate event (M > 5.5), and
therefore they have not been included in the database as ISSs.
It is also worth mentioning that the behavior and interactions
of the segments have not been suf ciently investigated.

To the west, the Maronia CSS possibly continues off-
shore, as suggested by bathymetric maps, while to the east,
there is the microseismic sequence of June and July, 2004 [Ki-
ratzi et al. 2005], as well as some morphological evidence
that suggests that the fault probably extends eastwards to the
Evros Valley. By applying the empirical relationship between
magnitude and rupture area [Wells and Coppersmith 1994]
and considering the total length of the CSS, the maximum
expected magnitude is ca. 7.0, which certainly represents the
WoOrst case scenario.

3.2. Thrace CSS (Komotini, lasmos and Xanthi ISSs)

This S-dipping tectonic structure (CSS code, 150) is
probably more than 120 km long, and separates the Rhodope
Mountain to the north from the Kavala-Xanthi-Komotini
basin to the south (Figure 3; Table 2). The strike of the fault
trace varies from 40 to 115 , forming important angular
bends. Extensional faulting has occurred since at least the
Miocene, and the striations bear evidence of at least three
tectonic phases [Lyb ris 1984, Lyb ris and Sauvage 1985].
The trace has been well mapped by several researchers [Ly-

865

b ris 1984, Mountrakis and Tranos 2004, Rondoyanni et al.
2004]. Based on the sea bottom seismic re ection pro les
[Martin 1987], the structure probably continues offshore
westwards, within the Gulf of Kavala.

This CSS is divided in four major segments [Mountrakis
and Tranos 2004, Mountrakis et al. 2006], but only the three
easternmost ones show clear morphological evidence of re-
cent activity, which has been classi ed as ISSs: Komotini (ISS
code, 150), Iasmos (ISS code, 151) and Xanthi (ISS code, 152)
from east to the west, respectively. The fault barriers between
the segments are due to change in strike and dip, generating
an overall zig-zag geometry. The dip appears to progressively
decrease towards the west [Mountrakis and Tranos 2004,
Mountrakis et al. 2006, Rondoyanni et al. 2004]. This proba-
bly implies that the maximum depth of the fault zone also
progressively decreases westwards, if we assume that the di-
mensional proportion of the comprised segments remains
constant and that the possible listric geometry of the fault
plane, which is the usual occasion for the normal faults in
the Aegean, should create shallower structures. The slip vec-
tors measured on fault outcrops indicate a generally dip-slip
normal kinematics, although oblique-slip displacements pre-
vail locally [Lyb ris 1984, Mountrakis and Tranos 2004,
Mountrakis et al. 2006, Rondoyanni et al. 2004]. The calcu-
lated slip-per-event for each fault segment ranges from 0.55
to 0.90 m. Taking into account the characteristics of the geo-
metrical barriers, and assuming the possibility of a dynamic
triggering model, the worst case scenario implies the con-
temporaneous rupture of more than one segment. The 'soft-
est' barrier (i.e. the easiest to break during an earthquake) is
probably the one between the Xanthi and Iasmos segments,
which some authors have already described as a unique struc-
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ture [Lyb ris 1984, Rondoyanni et al. 2004]. Assuming 44 km
of total length, the empirical relationship of magnitude ver-
sus rupture area [Wells and Coppersmith 1994] indicates a
maximum expected magnitude of 7.0.

The Komotini ISS has been tentatively associated with
the 6 November, 1784, earthquake [Papazachos and Papaza-
chou 1997, Mountrakis et al. 2006], although the estimated
magnitude (6.7) [Papazachos and Papazachou 1997] might
be much lower [e.g. Ambraseys 2009]. Also the more recent
11 April, 1829, Xanthi earthquake is under lively debate. In-
deed, Papazachos and Papazachou [1997] considered it as a
foreshock of the 5th May, 1829, Drama earthquake (see Drama
CSS below), while the description in Ambraseys [2009] sug-
gests that the area near the towm of Xanthi was mainly ru-
ined, in contrast to the area surrounding Drama that was
mostly damaged by the second event. If this is the case, it
would imply that this 11 April earthquake was not a fore-
shock of the same seismogenic source, but a distinct event
that probably triggered the Drama earthquake ca. one
month later. Accordingly, the 11 April, 1829, earthquake has
been associated with the Xanthi ISS (Table 1).

3.3. Drama CSS (Prosotsani and Drama ISSs)

This is a ca. 48-km-long fault zone (CSS code, 140), with
E-W trend, that forms the boundary of the Drama Basin to
the north, and consists of two segments: the Prosotsani (ISS
code, 141) and Drama (ISS code, 140) ISSs (Figure 3; Table 2).
Both of these segments are distinguished, based on detailed
morphotectonic mapping [Mountrakis et al. 2006], and they
show a right-stepping geometry with signi cant overlap.
Most geometric and kinematic parameters proposed by
Mountrakis et al. [2006] are in agreement with the focal
mechanism of a moderate event (M = 5.2) that occurred
on 9 November, 1986 [Dziewonski et al. 1986, Vannucci and
Gasperini 2003, Vannucci and Gasperini 2004]. In particular,
where the overlap occurs, both of the segments probably join
at depth into a single shallow-angle fault plane. The slip-per-
event for each fault segment ranges from 0.5 m to 0.7 m.

Papazachos and Papazachou [1997] referred to the 5
May, 1829, Drama earthquake as a catastrophic event with a
magnitude of 7.3, which was probably overestimated due to
the occurrence of the strong nearby 11 April earthquake (see
discussion in Thrace CSS, 3.2). The 5 May event has been as-
sociated with the Drama CSS [Mountrakis et al. 2006], but
not to any of the two segments. Taking into account the
total length of the CSS, a maximum expected magnitude of
7.0 is proposed [Wells and Coppersmith 1994], con rming
the overestimate of the 1829 Drama earthquake.

3.4. Serres CSS

The Serres fault zone (CSS code, 145) dips to the south
and shows slight curvature, with the consequent strike vari-
ation from WSW-ENE to NW-SE, from west to east, respec-
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tively (Figure 3; Table 2) [Tranos and Mountrakis 2004,
Mountrakis et al. 2006]. Four segments are suggested for the
whole shear zone, although the length of each proposed seg-
ment is probably not suf cient to produce at least moderate
events; additionally the geometric characteristics of the seg-
ment boundaries are not well de ned. Accordingly, no spe-
ci ¢ ISSs have been included in the GreDaSS. The western
E-W-trending sector (ca. 20 km) shows the most prominent
fault trace, while a subtle scarp in Pleistocene deposits con-
tinues southeastwards possibly making the total length more
than 30 km. Morphotectonic evidence of recent activity is
not homogeneous along the strike, and is mainly represented
by 7-m-high fault scarps that affect the Late Pleistocene de-
posits in the central sector [Tranos and Mountrakis 2004].
No historical or instrumental earthquakes have been associ-
ated with this fault zone, although this crustal scale tectonic
structure would certainly be capable of generating moderate
to strong seismic events, as long as it is optimally oriented
with respect to the present-day stress eld. Italso llsa struc-
tural gap between the Drama CSS to the east and the Belles
CSS to the west, thus contributing to the regional N-§ lithos-
pheric stretching that affects the Southern Aegean.

3.5. Belles CSS (Petritsi and Kastanoussa ISSs)

Belles CSS (CSS code 130) is an almost 60-km-long fault
zone that borders an impressive linear mountain front and is
characterized by thick multi-generation alluvial fans that have
accumulated in the hanging-wall block (Figure 3; Table 2)
[Psilovikos and Papaphilippou 1990, Mariolakos et al. 2004,
Pavlides et al. 2004a]. The whole Mount Kerkini (commonly
referred to as Belles) represents the natural border between
Greece and Bulgaria, and is considered as a recent tectonic
horst by Psilovikos [1984]. On the basis of morphotectonic
mapping and morphometric analyses, the fault zone was ac-
tive during the Quaternary and especially the Holocene, while
the observed striations are mechanically compatible with the
present-day extensional stress eld [Pavlides et al. 2004a].

Mountrakis et al. [2006] separated the fault zone into
two major segments that have been approximately adopted
in the database: the Petritsi (ISS code, 130) and Kastanoussa
(ISS code, 131) ISSs, to the east and west, respectively. Both
segments have similar lengths (25-26 km each) and a slight
right-stepping geometrical relationship. Lateral variations in
the degree of activity are debated. For example, based on sev-
eral geomorphic features (well-developed fault scarps with
accelerated erosion, deposition of younger generations of
alluvial fans upon older fan heads close to the fault zone,
more extensive fan deposits, slightly entrenched torrents and
much higher elevations of the fan heads), Psilovikos and Pa-
paphilippou [1990] suggested a higher activity on the western
portion of the fault, while based on the de ection of the
Strymon River [Pavlides et al. 2004a, Mariolakos et al. 2004]
and the low value of the mountain front sinuosity index, the
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eastern sector was suggested to be more active.

No major historical earthquakes are reported in the cat-
alogs. It is of note that immediately N-NW of Lake Doirani
there was an instrumentally recorded seismic sequence (May-
October 2009), with a M = 5.2 event as the strongest shock
[Kiratzi 2010]. This suggests the presence of an antithetic NNE-
dipping normal fault. This implies that the Belles CSS probably
comes to an end close to the Greece-FYROM border.

According to empirical relationships, the mean dis-
placement for each segment is 0.60 m, and the maximum ex-
pected magnitude is 6.5 for both the Kastanoussa and Petritsi
ISSs. Due to the limited separation between the two seg-
ments, a combined rupture (worst-case scenario) is highly
possible, and could produce a larger event (ca. M = 7.0).

4. The Chalkidiki fault system

The active faults that affect the Chalkidiki peninsula
(Figure 4; Table 3) are grouped separately from the north-
ern E-W-trending fault belt, due to their slightly different
mean orientation, which is ESE-WNW, but especially be-
cause they form two fault systems that consist of closely
spaced, subparallel, synthetic, highly dipping normal faults
that are possibly linked at depth by a low-angle shear zone
[Sboras and Caputo 2010]. The eastern fault system is
mainly SSW-dipping, while the western one is NNE-dip-
ping. Both fault systems are delimited by an antithetic struc-
ture, to the south and north, respectively, which are also
included in the database. The eastern system is formed by

the Stratoni-Varvara, Gomati and Singitikos Gulf CSSs and the
Vourvourou ISS, while the western system of faults is formed
by the Sochos-Mavrouda, Mygdonia, Asvestochori, Pylaea and
Anthemountas CSSs.

In the area (Figure 4), three major earthquakes have oc-
curred during historical and recent times (1932 Ierissos; 1978
Thessaloniki; May 11, 1933, Thessaloniki; see Table 1). For
the former two events, the causative fault is well established,
while the latter has been tentatively associated with the Go-
mati CSS. All of these will be discussed in the following para-
graphs. However, several moderate events are listed as prior
to the 20th century in the historical catalogs [Papazachos and
Papazachou 1997, Ambraseys 2009]. For example, in the
western Mygdonia Basin the following events have been re-
ported [Papazachos and Papazachou 1997]: (i) in 700 AD,
with M, = 6.5, which is characterized as a 'spurious' event
according to Ambraseys [2009]; (ii) in July, 1420 (M, = 6.0),
there was a quite destructive event for the city of Thessa-
loniki [Ambraseys 2009]; and (iii) on March 26 1430 (M, =
6.0), there was an event that caused some damage to the city
walls [Ambraseys 2009]. For the eastern part of the basin,
only one event of magnitude 6.4 was reported in the catalogue
of Papazachos and Papazachou [1997], in the year 677 AD,
but this was considered 'spurious’' by Ambraseys [2009]. The
available historical information for all of these events, how-
ever, is not suf cient to accurately locate the epicenters or to
estimate the real magnitudes, and therefore to associate
them to any speci ¢ causative fault(s).
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Figure 4. Map detail of the seismogenic sources belonging to the "Chalkidiki fault system". See Figure 1 for map location and seismogenic sources.
Three-digit labels refer to the database code of the seismogenic source (ISS codes in italics). Years are provided for major earthquakes discussed in the main

text (see also Table 1).
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Seismogenic Type Code Length Width Min. Max. Strike Dip Rake Slipper Slip Recurrence Potential

source depth depth event  rate interval M,
(km) (km)  (km)  (km) ) ) ) (m) (mm/a) (ka)

Stratoni-Varvara CSS 110 37.0 18.0 0 17.0 85-130 65-85 270-290 1.56 0.3-1.1 n/a 7.0
Varvara ISS 110 6.2 17.0 0.5 15.9 124 65 290 0.33 6.0
West Stratoni ISS 111 10.0 17.5 0 15.9 103 65 285 0.43 6.2
East Stratoni ISS 112 10.0 17.5 0 15.9 90 65 275 0.43 6.2
Gomati CSS 260 30.6 17.3 0 16 110-135 60-85 300-325 1.0 0.3-0.8 n/a 6.7
Singitikos Gulf CSS 270 59.7 19.6 0 16.0 90-130 45-75 280-320 1.56 0.6-0.7 n/a 7.0
Vourvourou ISS 265 27.0 14.0 0 12.7 283 65 260 0.63 6.6
Sochos-Mavrouda  CSS 120 41.1 16.2 0 15.0 70-100 60-85 260-280 0.86 0.1-0.8 n/a 6.6
Sochos ISS 121 8.5 15.0 0 14.1 82 70 260 0.36 6.1
Mavrouda ISS 120 9.5 15.0 0 14.1 74 70 255 0.39 6.1
Mygdonia CSS 100 68.6 25.6 0 17.0 250-320 30-80 250-315 0.86 0.1-0.5 n/a 6.6
Apollonia ISS 103 20.5 18.5 0 16.8 286 65 280 0.65 6.6
Gerakarou ISS 101 22.5 17.0 0 13.0 272 50 270 0.60 0.1-0.7 1-1.5 6.5
Langhadas ISS 102 16 15 0 11.5 314 50 315 0.51 6.4
Asvestochori CSS 245 21.5 221 0 16.0 280-320 35-80 270-300 0.55 0.1-0.4 n/a 6.3
Pylaea CSS 240 20.3 225 0 16.0 260-295 35-70 260-280 0.35 0.1-0.4 n/a 6.0
Anthemountas CSS 250 40.0 30.0 0 20.0 265-295 30-85 260-290 1.56 0.1-0.5 n/a 7.0
Souroti ISS 252 17 18.0 0 15.6 285 60 280 0.58 6.5
Angelochori ISS 251 17.5 18 0 15.6 272 60 270 0.59 6.5

Table 3. Seismotectonic parameters of the CSSs and ISSs included in the Chalkidiki fault system (see Figure 4). CSS, composite seismogenic source; ISS,
individual seismogenic source; Code, identi cation number within the database; n/a, not available.

4.1. Stratoni-Varvara CSS (Varvara, West Stratoni and East
Stratoni ISSs)

The Stratoni-Varvara CSS (CSS code, 110) is a S-SW-
dipping fault zone that affects the eastern coast of Chalkidiki
peninsula, bordering the south side of Mount Stratoniki and
largely continuing offshore (Figure 4; Table 3). This CSS was
ruptured on September 26, 1932, with a strong 'linear mor-
phogenic event' [sensu Caputo 2005] with magnitude 7.0 [Pa-
pazachos and Papazachou 1997] or 6.9 [Ambraseys and
Jackson 1998] (Table 1). Co-seismic effects were plentiful
enough to con rm that the Stratoni-Varvara CSS was the
causative tectonic structure. Ground ruptures [Floras 1933],
many of which coincided with the mapped geological fault,
were preserved even decades afterwards [Pavlides and Tranos
1991]. A coastal subsidence of 1.6 m [reported by Floras 1933,
from Pavlides and Tranos 1991] and a downthrow of approx-
imately 1.8 m across the fault scarp can be inferred from pho-
tographic archives [e.g. Georgalas and Galanopoulos 1953].

Although the co-seismic ruptures and the large instru-
mentally recorded magnitude suggest that the 1932 event
ruptured the largest portion of the fault surface, morpho-

tectonic investigations indicate that the Stratoni-Varvara CSS
is segmented into three parts that show independent seis-
motectonic evolution [Chatzipetros et al. 2005, Michailidou
et al. 2005, Pavlides et al. 2010]. The Varvara 1SS (ISS code,
110) is the westernmost segment, is 6.5 km long and proba-
bly consists of several parallel sliding planes with a general
WNW-ESE strike. It forms an angular barrier with the adja-
cent West Stratoni ISS (ISS code, 111). The last segment (East
Stratoni ISS; ISS code, 112) runs mainly offshore and clearly
controls the E-W trending coastline up to Eleftheronesos Is-
land (10 km). Based on the observed maximum displacement
documented near Stratoni that was caused by the 1932 Ieris-
sos earthquake [Floras 1933, Georgalas and Galanopoulos
1953, Pavlides and Caputo 2004], the CSS probably contin-
ues further eastwards, thus resulting in a total length of ca.
37 km. Field measurements along the fault trace [Pavlides
and Tranos 1991] and the microseismicity distribution at
depth [Galanis et al. 2004] indicate a steeply dipping fault
plane. On the basis of the available seismological informa-
tion, the maximum depth of the structure is likely to be 16-
18 km. The calculated values of the mean co-seismic
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displacement for these three segments range from 0.33 m to
0.43 m, while for the whole CSS this value might be as high
as 1.56 m. The 1932 event (M = 6.9-7.0) probably corresponds
to the worst-case scenario, and represents the maximum ex-
pected magnitude for this CSS.

4.2. Gomati CSS

Roughly parallel to and synthetic with the Stratoni-Var-
vara CSS, there is the Gomati fault zone (CSS code, 260; Fig-
ure 4; Table 3). The available information is generally scant
and the uncertainty is consequently high for many parame-
ters. Mainly based on morphotectonic investigations and
meso-structural analyses [Pavlides and Kilias 1987, Chatzipet-
ros et al. 2005, Michailidou et al. 2005], this tectonic struc-
ture is characterized by a major linear escarpment, striking
110 -135 and dipping ca. 65 towards the SSW. Field obser-
vations of slickenlines indicate a rake of 300 -325 [Pavlides
and Kilias 1987]. The three-dimensional relocation of a set
of earthquakes to the Chalkidiki peninsula [Galanis et al.
2004], indicate seismogenic depths down to 16-17 km for this
zone, while a relocated seismic cluster suggests eastwards
continuation of the fault zone offshore and north of Amo-
liani Island [Galanis et al. 2004], thus de ning a total length
of ca. 30 km.

In concomitance with the 1932 Ierissos seismic crisis, a
large number of strong foreshocks and aftershocks were also
recorded in the broader area [Papazachos and Papazachou
1997]. It is usually assumed that the magnitude M = 6.3 event
that occurred on May 11, 1933, belongs to this seismic se-
quence and represents an aftershock of the Ierissos main-
shock. However, based on a recent relocation of this event
several kilometers southwards [Papazachos et al. 2009], and
taking into account the long time period that has elapsed
since the main shock, we tentatively associate the 1933 event
with the Gomati CSS, which was partly reactivated due to a
triggering effect. The maximum expected magnitude for the
Gomati CSS obtained from empirical relationships is 6.7
[Wells and Coppersmith 1984].

4.3. Singitikos Gulf CSS

The Singitikos Gulf CSS (CSS code, 270) belongs to the
same system of SSW-dipping normal faults that affect the
eastern sector of the Chalkidiki peninsula (Figure 4; Table
3). However, its total length is double than the Gomati CSS,
and also greater than the Stratoni-Varvara CSS. The onshore
part of this tectonic structure has been morphotectonically
mapped [Pavlides and Kilias 1987], and shows oblique-slip
kinematics with normal and left-lateral components. On the
basis of detailed bathymetric maps, the CSS probably con-
tinues offshore, running south of the Amoliani Island and
generating the E-W-trending coastal escarpment in the Athos
Peninsula. It possibly continues eastwards across the Athos
Peninsula, although speci ¢ eld investigations have not been
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carried out. Information is also scant as concerns possible
segmentation. Assuming the worst-case scenario, a maxi-
mum expected magnitude of 7.0 can be estimated from the
empirical relationship of Wells and Coppersmith [1994].

4.4. Vourvourou ISS

The southernmost structure of the east Chalkidiki
peninsula fault system is represented by the Vourvourou ISS
(ISS code, 265) (Figure 4; Table 3) [Tranos 1998, Mountrakis
et al. 2006], which was also referred to as Sithonia Fault by
Goldsworthy et al. [2002]. Although the strike of the fault
is similar (ESE-WNW), this ISS is north-dipping, which is
antithetic with respect to the Singitikos, Gomati and Stratoni-
Varvara CSSs. Morphotectonic investigations and meso-
structural analyses across the Sithonia peninsula [Tranos
1998] documented a Quaternary activity for ca. 15 km and
the occurrence of two minor segments, but they are too
small to generate moderate events. The assumed total length
of the seismogenic structure is 27 km. The calculated slip-
per-event of the Vourvourou ISS is 0.63 m, while the maxi-
mum expected magnitude obtained from empirical
relationships is 6.6 [Wells and Coppersmith 1994].

4.5. Sochos-Mavrouda CSS (Sochos and Mavrouda ISSs)

As mentioned above, another important fault system
that consists of several subparallel and largely overlapping
CSSs affects the central-western sector of the Chalkidiki
peninsula (Figure 4; Table 3). The northernmost structure,
north of Mygdonia Basin, is the Sochos-Mavrouda CSS (CSS
code, 120), which is antithetic with respect to the other ones,
as it is the only south-dipping structure. This fault zone is ca.
41 km long, and forms small intra-mountain basins [Mar-
avelakis 1936]. Its activity was constrained on the basis of
morphotectonic analysis of the mountain front and of the
thick Quaternary scree and fan sediments accummulated in
the hanging-wall [Mountrakis et al. 1996a, 2006]. At least two
ca. 9-km-long segments have been recognized: the Sochos (ISS
code, 121) and Mavrouda (ISS code, 120) ISSs [Goldsworthy et
al. 2002, Mountrakis et al. 2006]. The segment boundary is
represented by a marked gap, with a right-stepping under-
lapping geometry; this therefore makes a continuous rupture
unlikely. Based on their length, each of the two segments is
considered capable of producing a maximum earthquake of
magnitude 6.1 [Wells and Coppersmith 1994], while in the
case of a complete reactivation of the western sector (ca. 29
km), the maximum expected magnitude is 6.6 [Wells and
Coppersmith 1994]. The westernmost section of the fault
zone is characterized by microseismic activity [Galanis et al.
2004, Paradisopoulou et al. 2004]. According to three-di-
mensional re-location of the local seismicity [Galanis et al.
2004], the thickness of the seismogenic layer is ca. 13 km to
15 km. The Sochos-Mavrouda CSS is a possible candidate for
the July 5, 1902, Assiros earthquake (M = 6.5) [Papazachos
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and Papazachou 1997] (Table 1), although we have tenta-
tively attributed this event to the Langadhas ISS (see Mygdo-
nia CSS), according to a critical revision of the available
historical information.

4.6. Mygdonia CSS (Apollonia, Gerakarou and Langadhas
ISSs)

South of the Sochos-Mavrouda CSS, but with an antithetic
north-dipping setting, there is the major Mygdonia CSS (CSS
code, 100), which borders the homonymous basin to the
south, for a total length of ca. 69 km (Figure 4; Table 3). The
fault trace follows the mountain front and shows important
strike variations due to segmentation. The fault zone was rst
mapped by Kockel and Mollat [1977], but most structural and
morphotectonic investigations were carried out after the June
20, 1978, Thessaloniki earthquake (M = 6.5; Table 1), which
re-activated the central segment of the Mygdonia CSS [Mercier
etal. 1979, Mercier et al. 1983, Mountrakis et al. 1996a, Tranos
et al. 2003]. Three main segments can be recognized (from
east to west): the Apollonia, Gerakarou and Langadhas ISSs.

The eastern Apollonia Fault segment (ISS code, 103) has
sculptured a prominent linear morphology, which is inter-
rupted by the alluvial fan of the Megalo Rema. A conserva-
tive value for the fault length is 20 km, and the segment
boundary with the Gerakarou Fault to the west is marked by
a change in strike. Microearthquake surveys document dip-
slip motion on the Apollonia ISS [Hatzfeld et al. 1986/87],
while the three-dimensional relocation of the seismicity
shows activity down to a depth of 18 km, and delineates a
steeply dipping fault plane [Galanis et al. 2004]. Based on em-
pirical relationships [Wells and Coppersmith 1994], the po-
tential amount of slip per event is 0.65 m, while 6.5 is the
maximum expected magnitude.

The central sector of the CSS is represented by the Ger-
akarou 1SS (ISS code, 101), which was the causative fault of
the 1978 earthquake. This earthquake has been thoroughly
studied due to its location very close to Thessaloniki city. Ex-
tended co-seismic ground ruptures were produced that
splayed out in the Mygdonia Basin [Mercier et al. 1979, Pa-
pazachos et al. 1979, Sou eris and Stewart 1981, Mercier et
al. 1983, Mountrakis et al. 1996a]. The most signi cant rup-
tures occurred along the southern margin of the basin, coin-
ciding with the principal N-dipping fault escarpment. Two
other groups of aligned ruptures were observed near to the
center of the basin, between lakes Koronia and Volvi. In par-
ticular, the northernmost rupture strikes NW-SE and shows
a south-dipping normal displacement, and it probably repre-
sents a secondary accommodation structure. The seismotec-
tonic parameters are well constrained on the basis of focal
mechanisms, source parameters of the mainshock, and the
aftershock distribution [Kulh nek and Meyer 1979, Papaza-
chos et al. 1979, Barker and Langston 1981, Carver and
Bollinger 1981, Sou eris and Stewart 1981, Sou eris et al.
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1982, Sou eris and King 1983, Dziewonski et al. 1987, Van-
nucci and Gasperini 2003, Vannucci and Gasperini 2004,
Roumelioti et al. 2007], as well as several morphotectonic in-
vestigations and meso-structural analyses [Mercier et al. 1979,
Mercier et al. 1983, Mountrakis et al. 1996a, Tranos et al.
2003]. The ruptured fault plane strikes almost E-W, dips
northwards with a shallow to moderate angle, and is charac-
terized by an almost pure dip-slip normal motion associated
with a N-§ direction of crustal extension. Microearthquake
surveys suggest listric fault geometry with a plane kink at 8
km in depth and a seismogenic layer thickness between 14 km
and 16 km [Hatzfeld et al. 1986/87, Tranos et al. 2003, Par-
adisopoulou et al. 2006], which is shallower with respect to
the eastern segment. Stiros and Drakos [2000] suggested blind
faulting during the 1978 event, considering that the observed
surface ruptures were only secondary effects. In contrast, pa-
leoseismological trenches con rm the occurrence of repeated
linear morphogenic events before the 1978 earthquake
[Cheng et al. 1994, Chatzipetros 1998, Chatzipetros et al.
2004], with a mean slip per event of 0.7 m to 1.6 m, a slip-rate
of 0.1 mm/ato 0.7 mm/a, and a recurrence interval between
1.0 ka and 1.5 ka. If we rely on the magnitude scaling rela-
tionships of the database, the slip per event at the fault scale
is probably overestimated; therefore, we prefer the suggested
value of 0.6 m [Roumelioti et al. 2007], which is based on seis-
mic waveform joint inversion and levelling data.

The westernmost segment (Langadhas ISS; ISS code,
102) borders a sharp mountain front with NW-SE trending.
Although this structure has been clearly inherited from pre-
vious tectonic events (both alpine thrusting and Miocene-
Pliocene NE-SW extension) and it is not ideally oriented with
the present-day regional stress eld, it shows evidence of re-
cent reactivation, with oblique-slip kinematics [Mercier et al.
1979, 1983], as also supported by morphometric parameters
(very low mountain-front sinuosity index). In contrast, Tra-
nos et al. [2003] suggested that this portion of the Mygdonia
CSS has been abandoned and that the activity has migrated
to the south, towards the Asvestochori CSS (see 4.7). Micro-
seismic activity [Galanis et al. 2004, Paradisopoulou et al.
2006] indicates a maximum depth of 14 km to 16 km. The
calculated mean displacement is 0.51 m, and the maximum
expected magnitude is 6.4 [Wells and Coppersmith 1994]. As
mentioned above, and according to the available historical
information, the July 5, 1902, Assiros earthquake (M = 6.5)
[Papazachos and Papazachou 1997] has been tentatively at-
tributed to the Langadhas ISS.

4.7. Asvestochori CSS

This fault zone (CSS code, 245) lies very near to the urban
area of Thessaloniki. It runs parallel to, and is synthetic with,
the western segment of the Mygdonia CSS (Figure 4; Table 3).
The fault is reported in several morphotectonic and geologi-
cal maps [Mountrakis et al. 1996a, Mountrakis et al. 1996b,
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Tranos et al. 2003, Zervopoulou 2004]. According to Mercier
et al. [1983], the Asvestochori Fault was partially reactivated
during the 1978 Thessaloniki earthquake. According to Tra-
nos et al. [2003], the recent growth of this structure has pro-
gressively shadowed the Langadhas ISS and is going to
produce a direct linkage with the central sector of the Myg-
donia CSS. Information on the deeper parts of the fault has
been provided by microearthquake investigations [Par-
adisopoulou et al. 2006] and geological considerations [Tra-
nos et al. 2003], both of which imply a listric geometry with
a dip varying from 80 at the surface, to 35 at depth. The
maximum seismogenic depth is constrained between 15 and
16 km, based on microseismic distribution [Galanis et al.
2004, Paradisopoulou et al. 2004].

4.8. Pylaea CSS

This seismogenic structure (CSS code, 240) is important
because it directly crosses the urban area of Thessaloniki and
its gulf (Figure 4; Table 3). The fault trace was mapped by
Mountrakis et al. [1996b], Tranos et al. [2003], Zervopoulou
[2004] and Valkaniotis et al. [2005], who provided constraints
on its location, surface geometry, and strike. Considering that
this tectonic structure belongs to the broader normal fault
system that affects the central-western Chalkidiki peninsula
and that it possibly represents an upwards splay of a deeper
low-angle normal detachment [Tranos et al. 2003], the other
principal seismotectonic parameters have been inferred ac-
cordingly. The extension of this fault towards the West to the
city of Thessaloniki was mapped as the Voulgari Street Fault
by Zervopoulou [2009], who also proposed a maximum ex-
pected magnitude of 6.0.

4.9. Anthemountas CSS (Souroti and Angelochori ISSs)

The Anthemountas Fault (CSS code, 250) [Mountrakis et
al. 1993b] is also an important structure for the Thessaloniki
urban area, because it bounds the southern side of the Ther-
maikos Gulf and has been mapped for a total length of at
least 40 km (Figure 4). It possibly extends more to the west,
as offshore in the gulf. According to Tranos et al. [2003], this
structure represents the southernmost north-dipping steep-
splay fault which joins at depth a regional-scale low-angle ex-
tensional shear zone that is kinematically linked to the
Pylaea, Asvestochori and Mygdonia CSSs. The fault has been
tentatively separated into two segments according to mor-
photectonic criteria [Zervopoulou 2004, Zervopoulou and
Pavlides 2005, Zervopoulou et al. 2007]: the Souroti (ISS code,
252) and Angelochori (ISS code, 251) ISSs; east and west, re-
spectively, with both characterized by a length of ca. 17 km.

In 1759, an important seismic sequence affected the city
of Thessaloniki [Papazachos and Papazachou 1997, Am-
braseys 2009] (Table 1). The date of the major shock is still
debated. Papazachos and Papazachou [1997] suggest June 22,
while Ambraseys [2009] stated that on June 22, two 'violent'
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shocks indeed occurred, but the destructive event took place
on the July 3. The macroseismic magnitude was 6.5, and the
aftershock sequence was intensive [Papazachos and Papaza-
chou 1997]. According to the tentative location of the macro-
seismic epicentre, the causative fault might be the Angelochori
ISS. In 1677, another earthquake with an estimated macro-
seismic magnitude of 6.2 caused damage in several villages
east of Thessaloniki [Papazachos and Papazachou 1997, Am-
braseys 2009] (Table 1). Based on the suggested macroseis-
mic epicenter and considering that ca. 80 years later the
western segment was probably reactivated (the 1759 event),
this 1677 earthquake is tentatively associated with the Souroti
ISS (eastern segment). It is of note that aseismic creep has
been observed along the Angelochori Fault [Zervopoulou et
al. 2007]. Assuming an independent rupture of the two seg-
ments, the calculated mean displacement is ca. 0.6 m, and
the suggested maximum expected magnitude is 6.5 [Valkan-
iotis et al. 2005], which become 1.56 m and M = 7.0 in the
worst-case scenario (i.e. entire fault rupture).

5. The 'anti-Hellenides' fault system

West of Vardar Valley, in western Macedonia and
Epirus, the orographic and morphological rst-order texture
of the region is characterized by the NW-SE-trending Hel-
lenic fold-and-thrust belt that has generated elongated moun-
tain chains and interposed valleys (Figure 5; Table 4). In this
sector of northern Greece, all of the major active faults that
have been recognized at present and that are included in
GreDaSS are oriented NE-SW, and therefore show the typi-
cal 'anti-Hellenides' (anti-orogenic) setting. It is worth not-
ing that stress trajectories reconstructed for this region show
a NNW to NW orientation of the o, stress axis [e.g. Mercier
et al. 1989, Jenny et al. 2004].

Within this fault system, the GreDaSS includes several
'isolated' CSSs and ISSs, like North Almopia, South Almopia,
Goumenissa, Aliakmonas, Konitsa and Petoussi. In contrast, the
Ptolemaida Basin is affected by a group of sub-parallel, syn-
thetic and antithetic, seismogenic structures that are possi-
bly linked at depth by a low-angle shear zone, which shows
a seismotectonic setting that is similar to that described for
the Chalkidiki peninsula [Sboras and Caputo 2010].

5.1. North Almopia CSS (Pozat, Promachi and Aetochori ISSs)

The North Almopia fault zone (CSS code, 060) has a total
length of ca. 41 km, and bounds the northern margin of Al-
mopia Basin and a smaller adjacent basin to the northeast
(Figure 5; Table 4) [Pavlides et al. 1990, Goldsworthy et al.
2002, Vougioukalakis 2002, Mountrakis et al. 2006]. The de-
velopment of Almopia Basin took place during the Pliocene
and was accompanied by signi cant volcanic activity
[Mercier 1981]. Vougioukalakis [2002], however, suggested
that the subsidence of the basin occurred only after the end
of the volcanism (1.8 Ma); i.e. during the Quaternary.
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kilometres

Figure 5. Map detail of the seismogenic sources belonging to the "anti-Hellenides fault system". See Figure 1 for map location and seismogenic sources.

Three-digit labels refer to the database code of the seismogenic source (ISS codes in italics). Years are provided for major earthquakes discussed in the main

text (see also Table 1).

This zone can be divided into three major segments
[Goldsworthy et al. 2002, Mountrakis et al. 2006]: the Pozar
(ISS code, 060), Promachi (ISS code, 061) and Aetochori (ISS
code, 062) ISSs (from west to east), which form an overall left-
stepping geometry. Meso-structural analyses have provided
important geometric and kinematic information [Mercier et
al. 1989, Pavlides et al. 1990] indicating that two slightly dif-
ferent extensional tectonic phases took place from the Middle
Pleistocene to the present, with the most recent stress eld
characterized by a NNW-SSE direction of extension. Using
electrical resistivity tomography, borehole data, and eld ob-
servations, Vougioukalakis [2002] carried out a three-dimen-
sional structural reconstruction of the basin, and estimated
the vertical and horizontal extension rates for the central sec-
tor of 0.92 mm/a and 0.36 mm/a, respectively. The calculated

872

slip per event and maximum expected magnitude for the
three segments are (from east to west) 0.36 m, 0.47 m and
0.30 m, and 6.1, 6.3 and 5.9, respectively. However, the worst-
case scenario considers the joint reactivation of the two west-
ern segments (the Pozar and Promachi ISSs), with a maximum
expected magnitude, according to empirical relationships
[Wells and Coppersmith 1994], of 6.6, given that the Aetochori
ISS shows a great overstep and underlap, which would prob-
ably act as a strong barrier.

5.2. Goumenissa ISS

Information for this seismogenic structure (CSS code,
069) mainly derives from the December 21, 1990 (M = 6.0)
Goumenissa earthquake [Panagiotopoulos et al. 1993]. The
fault evidence at the surface is somewhat questionable; the
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Seismogenic Type Code Length Width Min. Max. Strike Dip Rake Slipper Slip Recurrence Potential

source depth depth event  rate interval M,
(km)  (km) (km) (km) ) ) ) (m) (mm/a)  (ka)

North Almopia CSS 060 41.2 13 0 12.0 50-85 60-85 230-290 0.86 0.2-0.6 n/a 6.6
Pozar ISS 060 8.0 11.0 0 10.0 60 65 285 0.30 5.9
Promachi ISS 061 18.2 11.5 0 10.4 67 65 270 0.47 6.3
Aetochori ISS 062 12.0 10.0 0 9.1 65 65 270 0.36 6.1
Goumenissa ISS 069 14 12.5 1.0 11.2 54 55 257 0.34 6.1
South Almopia CSS 068 20.1 19.8 0 16.0 45-75 45-70 245-265 0.55 0.2-0.4 n/a 6.3
Amyndeo CSS 070 38.2 16.1 0 13.0 30-65 45-70 250-270 0.86 0.1-0.3 n/a 6.6
Nymfeo ISS 070 13.0 12.5 0 10.8 56 60 260 0.48 6.2
Petron ISS 071 8.5 12.0 0 10.4 38 60 240 0.38 6.0
Chimaditis ISS 075 11.5 8.0 0 7.5 233 70 260 0.36 5.9
Ptolemaida CSS 072 25.3 13.9 0 11.5 15-50 50-65 250-270 0.86 0.1-0.3 n/a 6.6
Vegoritida ISS 073 9.5 12.0 0 10.4 20 60 250 0.40 6.0
Vegora ISS 072 14.0 12.0 0 10.4 39 60 250 0.49 6.2
Perdika ISS 076 11.7 8.5 0 8.0 223 70 260 0.37 6.0
Komanos CSS 077 35.5 17.0 0 14.0 205-235 45-80 250-270 1.16 0.1-0.3 n/a 6.8
Mesovouni ISS 077 18.0 12.0 0 10.9 211 65 255 0.48 6.3
Proastio ISS 078 11.0 11.0 0 10.0 223 65 265 0.35 6.1
Peraea ISS 074 13.8 9.5 0 8.9 27 70 250 0.43 6.1
Aliakmonas CSS 050 89.1 21.9 0 17.0 210-255 40-80 250-280 1.34 0.3-0.5 n/a 6.9
Palaeochori ISS 050 21.0 18.0 0 14.7 246 55 255 0.65 0.3-0.3 2.0 6.6
Rym nio ISS 051 13.0 16.5 0 13.5 231 55 275 0.48 0.3-0.3 2.0 6.3
Servia ISS 052 16.9 15 0 13.0 228 60 280 0.52 1.0-2.0 1.0-2.0 6.4
Chromio ISS 053 10.0 6.5 1.5 6.5 91 50 280 0.22 5.8
Konitsa CSS 300 24.2 17.1 0 14.0 220-240 45-75 250-280 0.86 0.1-0.4 n/a 6.6
Konitsa ISS 301 11.3 13.0 0 10.6 232 55 280 0.39 6.1
Petoussi CSS 310 39.1 16.1 0 16.0 80-260 80-90 315-355 1.1 0.1-0.3 n/a 6.7
Souli ISS 310 14.6 12.0 0 12.0 82 85 330 0.51 6.3
Tomaros ISS 311 16.1 14.0 0 13.9 263 85 30 0.59 6.4

Table 4. Seismotectonic parameters of the CSSs and ISSs included in the 'anti-Hellenides' fault system (see Figure 5). CSS, composite seismogenic source;
ISS, individual seismogenic source; Code, identi cation number within the database; n/a, not available.

fault is possibly blind (Figure 5; Table 4). In any case, the
event did not produce any observable ground rupture. The
aftershock spatial distribution indicates a length of at least
14 km, while analysis of the mainshock suggests a mean dis-
placement of 0.34 m. The focal mechanisms show a SE-dip-
ping, NE-SW-trending, dip-slip normal fault [Dziewonski et
al. 1991, Panagiotopoulos et al. 1993, Baker et al. 1997, Van-
nucci and Gasperini 2003, Vannucci and Gasperini 2004].

In the vicinity of the Goumenissa ISS, in October of 1395,
there was the so-called Edhessa earthquake [Ambraseys
1999, 2009] (Table 1) that had a possible magnitude of 6.7

[Papazachos and Papazachou 1997] (see Table 1). However,
the tentative location of the macroseismic epicenter is simi-
larly close to the South Almopia CSS and not very far from the
North Almopia CSS (see 5.1). Accordingly, the present state-
of-knowledge does not allow the association of this strong
earthquake with any recognized structure.

5.3. South Almopia CSS

The South Almopia CSS (CSS code, 068) is 20 km long
and dips towards the south, showing a marked arcuate fault
trace (Figure 5; Table 4). Information about the fault derives
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from morphotectonic investigations [Pavlides 1998], which
document ENE-WSW-striking, dip-slip normal faults that
affect the pyroclastic sediments that were deposited about
4.8 Ma ago. Mesostructural analysis of these deposits re-
vealed a NN'W-SSE direction of the o, axis. The measured
dip of the faults is high. The structure is considered active
also due to its ideal orientation with respect to the regional
stress eld. On the assumption of complete reactivation of
the whole fault zone, the maximum expected magnitude is
6.3 [based on the empirical relationship of Wells and Cop-
persmith 1994].

5.4. Amyndeo CSS (Nymfeo and Petron ISSs)

As mentioned above, the Ptolemaida Basin is a tectoni-
cally controlled area that is characterized by alternating sub-
parallel ridges and basins, all of which are elongated in a
NE-SW direction [Pavlides 19857 and associated with sub-
parallel fault zones that are possibly linked at depth by a low-
angle, SE-dipping shear zone (CSS code, 070) (Figure 5; Table
4). Several major fault zones that control large morphologi-
cal structures, and smaller individual, but not less signi cant,
fault zones, have been recognised and studied [Pavlides 1985,
Pavlides and Mountrakis 1987, Doutsos and Koukouvelas
1998, Goldsworthy et al. 2002]. Field measurements of all of
the active tectonic structures in the Ptolemaida Basin indi-
cate a (N)NW-(S)SE direction of the slip vector [Pavlides
1985, Pavlides and Mountrakis 1987, Doutsos and Koukou-
velas 1998]. Although the morphotectonic features of the
area indicate intensive and recent activity, there has been nei-
ther signi cant historical nor instrumental seismic activity
recorded. A seismogenic layer thickness of ca. 13 km is in-
ferred from seismotectonic considerations [Pavlides and
Simeakis 1987/88].

The northernmost structure is the Amyndeo CSS show-
ing clear geological and morphological evidence of recent
activity [Pavlides 1985, Pavlides and Mountrakis 1987, Dout-
sos and Koukouvelas 1998, Goldsworthy et al. 2002]. The
Amyndeo fault zone borders and tectonically controls the
mountain front along a SW-trending ridge that separates the
Ptolemaida Basin from the Florina Basin to the north, and
that connects the two mountains of Voras, to the east, and
Vernon, to the west. All along its almost 40 km of total
length it has produced a discrete morphological slope as a
result of a major dip-slip normal motion with a slight right-
lateral strike-slip component, as documented by slickenlines
[Pavlides 1985]. However, the fault zone is not entirely uni-
form. West of the village of Petron, the relief locally be-
comes subdued, while a slight change in the mountain front
orientation can be seen. Accordingly, the fault zone is divided
into two segments: the Petron (ISS code 071) and Nymfaeo (ISS
code 070) ISSs, as NE and SW, respectively.

The Petron ISS is a ca. 9-km-long structure that controls
the local depression where Lake Petron is located. The fault
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has shaped a linear and steep coastline on Mesozoic lime-
stone, which is characterized by evident slickensides that
show scree deposits and cataclastic breccias [Pavlides 1985].
The fault trace continues northeastwards for 2-3 km, run-
ning along a small narrow valley. Towards the southwest, the
fault cuts through Neogene sediments (upper Miocene
lower Pliocene), while NNE-trending secondary structures
also affect the Pleistocene deposits. The southwestern fault-
tip is covered by Pliocene-Pleistocene sediments, which sug-
gests that the Petron-Nymfaeo segment boundary probably
corresponds to a permanent barrier.

The Nymfaeo 1SS is a larger (13 km long), NE-SW-
trending structure that shows angular segment boundary
geometry. Near to its northeastern tip, the fault shows and
downthrows Pliocene sediments [Pavlides 1985]. Towards
the SW, a major escarpment possibly documents cumulative
displacement of up to 700 m to 800 m. The fault has also
been detected by vertical electrical soundings and boreholes
[Atzemoglou et al. 2003].

The Petron and Nymfaeo ISSs are capable of producing
6.0 and 6.2 earthquakes, respectively, with a mean coseismic
displacement of 0.38 m and 0.48 m, respectively. However,
both ISSs could possibly extend further NE and SW, respec-
tively (worst-case scenarios), and therefore the maximum ex-
pected magnitudes might be as high as 6.6 [based on the
empirical relationship of Wells and Coppersmith 1994].

5.5. Chimatidis ISS

Parallel and antithetic to the Nymfaeo ISS, a 12-km-long
active tectonic structure (ISS code, 075) lies along the south-
ern shore of Lake Chimaditis (Figure 5; Table 4) [Pavlides
1985, Pavlides and Mountrakis 1987]. The NW-dipping, dip-
slip normal Chimaditis ISS has generated a low elongated ter-
race on its footwall, which consists of uplifted Neogene,
Pleistocene and Holocene deposits [Pavlides 1985]. This
structure probably joins the Nymfaeo ISS at depth, constrain-
ing its maximum depth to ca. 7.5 km. Accordingly, the max-
imum expected magnitude is probably <6.0 [based on the
empirical relationship of Wells and Coppersmith 1994].

5.6. Ptolemaida CSS (Vegoritida and Vegora ISSs)

Parallel to and synthetic with the central-northern sec-
tor of the Amyndeo CSS, there is the 25-km-long Ptolemaida
CSS (CSS code, 072) (Figure 5; Table 4). This fault zone
shows clear morphotectonic evidence of recent activity, and
consists of two segments: the Vegoritida and Vegora ISSs, as
NE and SW, respectively.

The ca. 10-km-long, (N)NE-trending Vegoritida ISS (ISS
code, 073) shows an impressive morphology, with a high
limestone cliff, and it borders on the homonymous lake. A
minimum cumulative downthrow of 500 m is morphologi-
cally inferred [Pavlides 1985], while high-resolution Boomer
pro les carried out in the lake suggested a vertical strati-
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graphic displacement of about 600 m to 700 m [Sakellariou
et al. 2001]. Mesostructural analyses document a recent
NNW-SSE trending direction of stretching [Pavlides 1985,
Pavlides and Mountrakis 1987, Doutsos and Koukouvelas
1998, Mountrakis et al. 2006].

The Vegora 1SS (ISS code, 072) continues for at least 12
km southwestwards, forming an arcuate escarpment
[Pavlides 1985, Pavlides and Mountrakis 1987, Doutsos and
Koukouvelas 1998]. The absence of limestone in the footwall
of this fault results in a more subtle morphology. Neverthe-
less, a few scattered limestone scarps bear striations that in-
dicate a roughly dip-slip normal kinematics associated with
a NW-SE direction of extension [Pavlides 1985]. Neogene
and Quaternary sediments are affected by the fault. The
high-resolution Boomer pro les of the lake bottom suggest
an offshore continuation of the fault [Sakellariou et al. 2001].
As a result, the fault overlaps the Vegoritida ISS, probably
reaching a total length of more than 14 km.

Each fault segment is capable of producing an earth-
quake of 6.0 and 6.2, with mean co-seismic displacements of
0.40 m and 0.49 m (Vegoritida and Vegora ISSs, respectively).
However, a rupture of the entire fault zone is a possible
(worst-case) scenario, given that the segment boundary does
not appear to be strong enough to prevent this. In this case,
the maximum estimated magnitude would be 6.6 [based on
the empirical relationship of Wells and Coppersmith 1994].

5.7. Perdika ISS

The Perdika ISS (ISS code 076) is sub-parallel to and syn-
thetic with the Chimatidis Fault (see 5.5), and lies 6 km to
the south of it (Figure 5; Table 4) [Pavlides 1985, Pavlides and
Mountrakis 1987, Goldsworthy et al. 2002, Mountrakis et al.
2006]. The Perdika ISS is a 12-km-long structure that borders
the northern hillside of the Bordeaux Heights, which sepa-
rate the Pliocene(?) sediments that outcrop in the footwall
from the Quaternary deposits of the plain. From its similar-
ity with the other structures of the broader Ptolemaida
Basin, and according to the regional stress eld, the kine-
matics of the Perdika Fault is basically dip-slip normal. A pos-
sible reactivation of the fault would produce an earthquake
with a maximum expected magnitude of 6.0 [based on the
empirical relationship of Wells and Coppersmith 1994].

5.8. Komanos CSS (Mesovouni and Proastio ISSs)

The (N)NE-(S)SW-trending and NW-dipping Komanos
CSS (CSS code, 077) bounds the southeasternmost margin
of the Ptolemaida Basin (Figure 5) [Pavlides 1985, Pavlides
and Mountrakis 1987, Mountrakis et al. 2006]. Two major
segments have been recognized: the Mesovouni and Proastio
ISSs, as NE and SW, respectively [Mountrakis et al. 2006].
The fault zone has a total length of ca. 36 km, although mor-
phological evidence in the central sector is poor and intro-
duces some uncertainty into the location of the segment
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boundary. Both segments have a steep NW-dip.

The Mesovouni ISS (ISS code, 077) runs along the north-
western front of Mount Vermion for at least 18 km [Pavlides
1985, Pavlides and Mountrakis 1987, Doutsos and Koukou-
velas 1998, Mountrakis et al. 2006], showing a low mountain-
front sinuosity index. Quaternary deposits have been mainly
accumulated within a secondary accommodation structure
(a 1.5-km-wide symmetric graben), which thus suggests the
recent activity of this fault [Pavlides 1985, Pavlides and Moun-
trakis 1987, Mountrakis et al. 2006]. The measured cumula-
tive displacements in Pliocene lignite deposits, deriving from
borehole data, range from 20-40 m to up to 70 m [Pavlides
1985]. On July 9, 1984, a moderate earthquake M,, =5.2) oc-
curred between the Mesovouni and Peraea ISSs (see 5.9;
Pavlides and Simeakis 1987/88, Dziewonski et al. 1985, An-
derson and Jackson 1987]. The obtained focal mechanisms
[Dziewonski et al. 1985, Anderson and Jackson 1987] are in
agreement with the local tectonic setting, and speci cally
with the seismotectonic features of the Mesovouni Fault.

The Proastio ISS (ISS code, 078) lies on the northern bor-
ders of the lignite mines [Pavlides 1985, Pavlides and Moun-
trakis 1987, Doutsos and Koukouvelas 1998, Mountrakis et
al. 2006]. It is expressed by a group of parallel minor fault
scarps of Quaternary sediments. Towards the northeast,
borehole data show a down-stepping throw of the Pliocene
lignite deposits, with a cumulative displacement of almost
300 m to 400 m [Pavlides 1985]. Secondary antithetic struc-
tures were also observed on the footwall, which form a
minor tectonic horst [Pavlides 1985, Diamantopoulos 2006].
The fault zone extends for ca. 11 km. Kinematic indicators
document an almost pure dip-slip normal motion [Pavlides
1985, Pavlides and Mountrakis 1987] and a NW-SE direction
of extension.

After using the empirical relationship of Wells and Cop-
persmith [1994], it appears that the individual rupture of
each segment can produce events of 6.3 and 6.1 (maximum
expected magnitudes; the Mesovouni and Proastio ISSs, re-
spectively). Their corresponding co-seismic mean displace-
ments are calculated to be 0.48 m and 0.35 m. As the
boundary between the two segments has not been clearly
de ned, and especially its nature (i.e. strong or soft bound-
ary), the possible rupture of the entire fault zone cannot be
excluded a priori. In this case (worst-case scenario), the max-
imum expected magnitude would be 6.8.

5.9. Peraea ISS

The Peraea ISS (ISS code, 074) (Figure 5; Table 4) is an ac-
tive structure close to, but antithetic with, the Komanos CSS
(see 5.8) and at the same time synthetic to the Ptolemaida
CSS (see 5.6) [Pavlides 1985, Pavlides and Mountrakis 1987,
Goldsworthy and Jackson 2000, Goldsworthy and Jackson
2001, Mountrakis et al. 2006]. This SE-dipping fault is marked
by a discontinuous escarpment that extends for a total length
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of ca. 14 km. Well preserved slickensides and free faces put
the Mesozoic substratum in contact with Holocene deposits
[Pavlides 1985, Goldsworthy and Jackson 2000, Goldsworthy
and Jackson 2001]. The estimated mean co-seismic displace-
ment of the fault is 0.43 m and I would produce an earth-
quake of expected maximum magnitude 6.1.

5.10. Aliakmonas CSS (Palaeochori, Rymnio, Servia and
Chromio ISSs)

The Aliakmonas fault zone (CSS code, 050) is a NE-SW-
trending, NW-dipping major tectonic structure that controls
a long stretch of the homonymous river (Figure 5; Table 4).
The total length of this CSSis 89.1 km. Geological and mor-
photectonic investigations suggest that there are three major
segments: Palaeochori (ISS code, 050), Rymnio (ISS code, 051)
and Servia (ISS code, 052) (from SW to NE) [Pavlides et al.
1995, Meyer et al. 1996, Chatzipetros 1998, Doutsos and
Koukouvelas 1998, Meyer et al. 1998, Mountrakis et al. 1998].
The aftershock spatial distribution of an event that occurred
in 1995 (see below: the Palaeochori ISS) [Hatzfeld et al. 1997,
1998] documents a maximum seismogenic depth of 15 km,
which possibly becomes gradually shallower from the south-
western to the north-eastern parts of the fault zone. More-
over, based on morphological evidence, Doutsos and
Koukouvelas [1998] suggested a recent westward migration
of the tectonic activity. The penultimate strong event in the
area was reported by Stiros [1998] and Ambraseys [1999], and
is dated at ca. 1700 (possibly 1695), based on historical data.

The Palaeochori 1SS is marked by a ca. 21-km-long dis-
continuous escarpment that fades away towards the SW
[Pavlides et al. 1995, Doutsos and Koukouvelas 1998, Moun-
trakis et al. 1998]. It was ruptured during the May 13, 1995,
Kozani earthquake (M, = 6.5; Table 1), producing aligned,
but not continuous, co-seismic ground ruptures all along its
length [Pavlides et al. 1995, Mountrakis et al. 1998]. Based on
nodal planes from focal mechanisms [Papazachos et al. 1998,
Dziewonski et al. 1996, Kiratzi and Louvari 2003, Vannucci
and Gasperini 2003, Vannucci and Gasperini 2004], earth-
quake tomographies from the aftershocks [Chiarabba and
Selvaggi 1997], aftershock spatial distributions [Hatzfeld et
al. 1997, 1998], stress tensor inversions [Kiratzi 1999], forward
modeling of the source from strong-motion waveforms
[Suhadolc et al. 2007], and InSAR images analyses [Meyer et
al. 1996, Meyer et al. 1998, Rigo et al. 2004, Resor et al. 20057,
it is possible to constrain several seismotectonic parameters.
Based on paleoseismological investigations, a recurrence in-
terval of 10 ka to 30 ka was tentatively suggested [Chatzipet-
ros et al. 1998], which we now consider as likely to be an
overestimation. During the 1995 seismic crisis, the spatio-
temporal distribution of the aftershocks revealed a secondary
antithetic structure, the Chromio ISS [Hatzfeld et al. 1997,
1998], which also produced S-dipping co-seismic ground rup-
tures aligned in an E-W direction [Pavlides et al. 1995, Moun-

876

trakis et al. 1998]. The latter is considered as an inherited S-
dipping, right-lateral, strike-slip fault that was reactivated in
the new tectonic regime as a dip-slip, normal fault antithetic
to the Palaeochori ISS [Pavlides et al. 1995, Hatzfeld et al. 1997,
Hatzfeld et al. 1998, Mountrakis et al. 1998].

The Rymnio ISS lies northeast of the Palaeochori ISS, and
it is separated from it by an angular barrier. The fault is
marked by a distinct escarpment, especially in the north-
eastern sector [Pavlides et al. 1995, Doutsos and Koukouve-
las 1998, Mountrakis et al. 1998]. Also, the northeastern
boundary of the Rymnio segment corresponds to a strong
geometric barrier (right-stepping, underlapping geometry)
[Pavlides et al. 1995, Meyer et al. 1996, Doutsos and Kouk-
ouvelas 1998, Meyer et al. 1998, Mountrakis et al. 1998]. The
total length is ca. 13 km. A partial rupture of this structure
was claimed to have occurred in the 1995 earthquake, based
on some ground ruptures observed near to the village of
Rymnio. However, their occurrence along the lakeshore
probably indicates gravitational phenomena. Morphotec-
tonic investigations [Pavlides et al. 1995, Meyer et al. 1996,
Doutsos and Koukouvelas 1998, Meyer et al. 1998, Moun-
trakis et al. 1998] indicate similar geometry and kinematics
to the nearby tectonic structures.

Next to the Rymnio Fault there is the Servia ISS, which
represents the most prominent neotectonic structure of the
Aliakmonas CSS. This fault is documented by a long, well pol-
ished sliding surface on limestone, which bears a set of fresh
striations, documenting a (N)NW-(S)SE direction of exten-
sion [Pavlides et al. 1995, Meyer et al. 1996, Meyer et al. 1998,
Mountrakis et al. 1998, Goldsworthy and Jackson 2000].
There was no sign of reactivation during the 1995 earth-
quake. The northeastern tip of the fault is not well de ned.
Based on the asymmetric shape of the along-strike displace-
ment pro le, Doutsos and Koukouvelas [1998] suggested a
possible linking of the Servia and Rymnio ISSs. A slip per
event of 0.5 m was calculated from empirical relationships,
while based on geomorphic markers, a slip rate of 1 mm/a
to 2 mm/a, and a mean recurrence interval of 1 ka to 2 ka
have been suggested [Meyer et al. 1996]. A maximum cumu-
lative displacement across the fault of 2100 m was proposed
by Doutsos and Koukouvelas [1998]. On September 26, 1695,
an earthquake M, = 6.5) struck the area, with the macro-
seismic epicenter tentatively located in the hanging-wall of
the Rymnio Fault [Papazachos and Papazachou 1997, Am-
braseys 1999, Ambraseys 2009]. However, the lack of details
prevents any straightforward correlation with any speci ¢
segment of the Aliakmonas CSS.

It is of note that the Aliakmonas CSS continues north-
eastwards following the valley separating Mount Vermion
from the Pieria Mountain chain. For this sector, a fourth dis-
tinct 25-km-long fault segment has been tentatively sug-
gested [referred to as Polyphytos-Polydendri, by Mountrakis
et al. 2006], which however does not show de nite evidence
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of recent seismogenic activity. Accordingly, we have included
this structure in the CSS without de ninga speci cISS in the
GreDaSS.

5.11. Konitsa CSS and ISS

The Konitsa CSS (CSS code, 300) is a ca. 25-km-long,
NW-dipping structure that borders the mountain front of
Mount Tym (Figure 5; Table 4). The best evidence of recent
activity is limited to a length of 11 km along the southern mar-
gin of the elongated Aoos Basin, which corresponds to the
Konitsa ISS. In particular, based on several morphotectonic and
structural investigations [Doutsos and Koukouvelas 1998,
Doutsos and Kokkalas 2001, Goldsworthy et al. 2002,
Galanakis et al. 2007], the fault has been associated with a
major escarpment that is delimited by a linear mountain front.
Observations include many fresh slickensides on the Mesozoic
limestone, which also bear corrugations, and which are usu-
ally delimiting for the Miocene ysch, and sometimes also for
Quaternary deposits. Although Goldsworthy et al. [2002] sug-
gested the possible northeastern continuation of this structure
and its connection with the fault system of the Ptolemaida
Basin, the Konitsa CSS is mechanically bounded by a roughly
perpendicular Neogene thrust that causes displacement to de-
crease rapidly eastwards [Doutsos and Koukouvelas 1998].

On July 26, 1996, a moderate earthquake (M = 5.4, ac-
cording to Papanastassiou [2001]; or M = 5.1, according to
EMMA catalogue; Vannucci and Gasperini 2003, 2004] oc-
curred near the town of Konitsa. A couple of weeks later, an-
other moderate, but stronger, event (M, = 5.7, according to
Papanastassiou [2001]; or MW =5.3, according to Dziewonski
et al. [1997]) occurred in the same seismogenic volume. The
observed co-seismic ruptures [Galanakis et al. 2007] and the
computed focal mechanisms [Dziewonski et al. 1997, Van-
nucci and Gasperini 2003, Vannucci and Gasperini 2004] are in
agreement with mesostructural analyses that show a normal
dip-slip motion in a NW-extensional eld [Doutsos and Kouk-
ouvelas 1998, Doutsos and Kokkalas 2001, Galanakis et al.
2007]. An average dip of 55 and a maximum depth of ca. 11
km have been inferred from the aftershock spatial distribu-
tion, which also suggested a listric shape at depth [Papanas-
tassiou 2001]. Although the largest magnitude that was
instrumentally recorded during the 1996 sequence was the
M_ = 5.3 event, the expected maximum magnitude for the
Konitsa ISS (ISS code 301) is 6.1, with a mean coseismic dis-
placement of ca. 0.4 m. Moreover, if we take into account the
total length of the CSS, then the maximum expected magni-
tude could be as high as 6.6 [based on the empirical relation-
ship of Wells and Coppersmith 1994].

5.12. Petoussi CSS (Souli and Tomaros ISSs)

The Petoussi CSS (CSS code, 310) is a ca. 39-km-long
fault zone that is mainly inherited from the Mesozoic evolu-
tion and the Alpine tectonics (Figure 5; Table 4) [Caputo and
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Zouros 1993, Boccaletti et al. 1997]. Although the Petoussi
CSS has a different strike ( E-W) with respect to the other
seismogenic sources included in the Western Macedonia
Epirus fault system, a regional-scale undulation of the oro-
gene also makes this fault zone a typical anti-Hellenic
structure. The Petoussi CSS is a sub-vertical fault zone with
local changes in dip direction, having kinematic indicators
that document a prominent left-lateral, strike-slip motion
[Caputo and Zouros 1993]. This geological setting has
formed positive and negative ower structures, as well as sec-
ondary splay faults [Boccaletti et al. 1997]. Based on these dif-
ferences, we divided the fault zone into two major segments:
the Tomaros (ISS code 311) and Souli (ISS code 310) ISSs, as
east and west, respectively. The recent activity of the Petoussi
CSS is based on morphotectonic investigations and paleo-
seismological trenches, which document at least three paleo-
events during the last ca. 30 ka BP along the Souli Fault
[Boccaletti et al. 1997], therefore suggesting a recurrence in-
terval of several thousand years.

Microearthquake surveys document an eastwards in-
crease in the seismogenic depth from <12 km to >15 km,
and both strike-slip and normal dip-slip focal mechanisms
[King et al. 1983, Hatzfeld et al. 1995, Tselentis et al. 2006].
The calculated mean displacements for the Souli and Tomaros
ISSs are 0.51 m and 0.59 m, respectively, while the maximum
expected magnitudes [based on the empirical relationship of
Wells and Coppersmith 1994] are 6.3 and 6.4, respectively.
The worst-case scenario would be an earthquake that rup-
tures the whole length of the Petoussi CSS, and in this case,
on the basis of the same scaling laws, the maximum expected
magnitude would be 6.7.

6. The North Aegean Sea fault system

A strong limitation in investigations into offshore faults
is the complete lack of direct observations in terms of mor-
photectonic and geological approaches, which is partly com-
pensated for by the very detailed bathymetric maps that are
available [e.g. Maley and Johnson 1971, IOC 1981, Pa-
panikolaou et al. 2002] and seismic re ection investigations
that have been carried out [e.g. Brooks and Ferentinos 1980,
Mascle and Martin 1990, Roussos and Lyssimachou 1991, Pa-
panikolaou et al. 2006]. Accordingly, most of the informa-
tion concerning offshore faults is provided by seismic data,
like focal mechanisms and microseismic distributions [e.g.
Dziewonski et al. 1983, Dziewonski et al. 1984, Rocca et al.
1985, Kiratzi 1991, Taymaz et al. 1991].

The North Aegean Sea is dominated by two regional-
scale tectonic structures: the North Aegean Basin and the
North Aegean Trough, which are directly connected and rep-
resent the western continuation of the North Anatolian Fault
(Figure 6; Table 5). The North Aegean Basin is situated be-
tween the Chalkidiki peninsula, the Thessalian coast and the
Sporades Islands. Along strike, it is bordered by two major
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Figure 6. Map detail of the seismogenic sources belonging to the "North Aegean Sea fault system". See Figure 1 for map location and seismogenic sources.
Three-digit labels refer to the database code of the seismogenic source (ISS codes in italics). Years are provided for major earthquakes discussed in main
the text (see also Table 1).

fault zones, which are mainly characterized by oblique-slip
kinematics: the South Chalkidiki offshore and North Aegean
Basin CSSs. Minor structures affect the interposed region, but
the lack of suf cient data, their likely reduced dimensions
(hence limited maximum expected magnitude), and their lo-
cation far offshore from the Greek coastlines make their
recognition more problematic at present, and their precise
seismotectonic de nition less urgent. For these reasons they
are not included in this report.
The other regional-scale tectonic structure, the North
Aegean Trough, is represented by a crustal-scale negative
ower structure that affects the sea oor between Kallipoli
(Gelibolu) peninsula and Lemnos and Imbros islands to the
south, and Samothraki Island to the north. In this transten-
sional shear zone, two CSSs have been recognized (the north
North Aegean Trough, and the south North Aegean Trough),
which mark the mechanical-stress transition from the purely
transcurrent tectonic regime of the North Anatolian Fault
to the east, and the prevailingly extensional regime towards
the west (the North Aegean Basin) [Pavlides et al. 1990, Tay-
maz et al. 1991, Pavlides and Caputo 1994, Papanikolaou et
al. 2006]. Due to this lateral variation, the North Aegean
Basin progressively widens and deepens westwards [Pa-
panikolaou et al. 2002]. For the purposes of this report, we
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focus only on the offshore part that lies west of the Kallipoli
peninsula.

In the North Aegean region, there are other active tec-
tonic structures that are synthetic or kinematically associated
with those of the North Aegean Basin and North Aegean
Trough: the Aghios Efstratios and Lemnos CSSs, and the
Samothraki ISS.

6.1. South Chalkidiki offshore CSS (Athos ISS)

The South Chalkidiki offshore CSS (CSS code, 280) repre-
sents the northern boundary of the North Aegean Basin (Fig-
ure 6; Table 5). Its trace runs immediately south of the
Sithonia and Athos peninsulae, forming a NE-SW-trending,
steep submarine slope for a total length of ca. 90 km, as has
been documented by bathymetric surveys [Maley and John-
son 1971, Papanikolaou et al. 2002] and seismic pro les [Fer-
entinos et al. 1981, Roussos and Lyssimachou 1991,
Papanikolaou et al. 2006]. Based on slight strike variations,
and especially on the occurrence of a large earthquake that
was probably associated with this fault zone, we de ne the
Athos 1SS (ISS code, 282). This earthquake occurred on No-
vember 8, 1905 (Table 1), and the macroseismic magnitude
was 7.5 [Papazachos and Papazachou 1997] or 7.3 [Am-
braseys 2001]. This fault segment is ca. 54 km long [Pa-
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Seismogenic Type Code Length Width Min. Max. Strike Dip Rake Slipper Slip Recurrence Potential

source depth depth event  rate interval M,
(km)  (km) (km) (km) ) ) ) (m) (mm/a) (ka)
South Chalkidiki

offshore CSS 280 87.4 17.9 0 17.0 50-115 65-85 210-245 2.1 1.0-1.7 n/a 7.2
Athos ISS 282 54.0 17.0 0 16.6 55 77 205 1.23 7.0
NAB CSS 810 143 18.3 0 17.0 200-240 60-85 170-190 3.88 1.0-2.5 n/a 7.6
NAB segment A ISS 810 44.0 18.0 0 17.7 227 79 180 0.88 6.9
NAB segment B ISS 811 33.0 17.5 0 16.4 222 70 188 0.97 6.8
South NAT CSS 800 275 18.9 0 18.0 235-275 65-90 190-225 3.37 1.0-3.5 n/a 7.5
North NAT CSS 290 127 19.4 0 18.0 60-110 60-90 180-225 1.92 2.0-3.2 n/a 7.1
Saros ISS 290 26 15.0 0 13.6 68 65 215 0.78 6.6
Samothraki SE ISS 291 24.0 15.0 0 14.5 83 75 185 0.75 6.6
North Samothraki  ISS 288 22.0 15.0 0 13.0 286 60 250 0.60 6.5
Lemnos CSS 825 39.2 16.3 0 16.0 210-235 75-90 180-215 1.26 0.8-2.7 n/a 6.8
Aghios Efstratios ~ CSS 831 82.3 15.5 0 15.0 205-230 70-90 173-183 2.21 0.8-1.6 n/a 7.2
Aghios Efstratios  ISS 831 75.0 15.0 0 14.8 230 80 180 1.8 7.1

Table 5. Seismotectonic parameters of the CSSs and ISSs included in the North Aegean Sea fault system (see Figure 6). CSS, composite seismogenic
source; ISS, individual seismogenic source; Code, identi cation number within the database; n/a, not available; NAB, North Aegean Basin; NAT, North

Aegean Trough.

panikolaou et al. 2006]. The maximum expected magnitude
for the whole CSS is between 7.0 and possibly 7.5, as the
worst-case scenario [7.2 according to the empirical relation-
ship of Wells and Coppersmith 1994].

6.2. North Aegean Basin CSS (Segment A and Segment B)

The North Aegean Basin CSS (CSS code 810) is one of the
longest structures of the region, with a length of ca. 140 km
(Figure 6; Table 5). It strikes NE-SW and represents the
southern boundary of the North Aegean Basin, running
from north of Lemnos to the Sporades Islands. The fault
zone is well expressed morphologically, as it has formed a
deep and steep NW-dipping slope, which is clearly imaged
on detailed bathymetric maps [Maley and Johnson 1971, I0C
1981, Papanikolaou et al. 2002]. The cumulative downthrow
of the sea-bottom is ca. 1300 m. The fault zone is also clearly
imaged in seismic re ection pro les, which indicates signi -
cant cumulative displacement and especially the deformation
of the sea-bottom sediments [Brooks and Ferentinos 1980,
Ferentinos et al. 1981, Mascle and Martin 1990, Roussos and
Lyssimachou 1991, Papanikolaou et al. 2006]. There have
been two well-documented strong earthquakes along this
zone that were probably produced by two adjacent fault seg-
ments. Accordingly, we distinguish here two ISSs: Segment A
(ISS code, 810) and Segment B (ISS code, 811), as east and
west, respectively).

Segment A ISS was responsible for the August 6, 1983
(M,, = 6.7; Table 1), earthquake that reactivated the north-
eastern portion of the North Aegean Basin CSS. Based on the

879

aftershock spatial distribution [Rocca et al. 1985, Taymaz et
al. 1991] and the magnitude of the mainshock, a length of
44 km was inferred. Segment B ISS is associated with the Jan-
uary 18, 1982 (M = 6.6; Table 1), earthquake. Again, the
length of 33 km is inferred from the aftershock spatial distri-
bution [Taymaz et al. 1991] and the magnitude of the main-
shock. There are many other focal mechanisms calculated
for both of these 1982 and 1983 seismic crises [Dziewonski et
al. 1984, Papazachos et al. 1984, Rocca et al. 1985, Ekstr m
et al. 1987, Ekstr m and England 1989, Kiratzi et al. 1991,
Taymaz et al. 1991, Jackson et al. 1992, Vannucci and
Gasperini 2003, Vannucci and Gasperini 2004], all of which
suggest very steep (NW-dipping) to sub-vertical nodal planes,
and an almost pure right-lateral, strike-slip kinematics. The
proposed segmentation is in agreement with the seismogenic
source segments proposed by Papanikolaou and Papaniko-
laou [2007]. The calculated mean displacements of the two
segments are 0.88 m and 0.97 m (Segment A and Segment B,
respectively). The 1982 and 1983 events probably represent
the maximum expected magnitudes for these two segments,
while in the case of a combined rupture (the worst-case sce-
nario), the suggested maximum expected magnitude is 7.6
[Papanikolaou and Papanikolaou 2007].

6.3. South North Aegean Trough CSS

The south North Aegean Trough CSS (CSS code, 800) is
probably the longest active structure in the Aegean Sea (Fig-
ure 6). It is oriented ENE-WSW, and runs north of Lemnos
and Imbros Islands, and controls the Saros Gulf [Armijo et al.
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1999, Kiratzi 1991, Koral et al. 2009, Koukouvelas and Aydin
2002, Lyb ris 1984, McNeill et al. 2004, Mercier et al. 1989,
Papadimitriou and Sykes 2001, Saat ilar et al. 1999, Stanley
and Perissoratis 1977]. Although the structure is likely to be
in mechanical continuity with the fault segment of the North
Anatolian Fault that ruptured the Kallipoli peninsula (August
9, 1912, M_ = 7.4) in crossing it from the Saros Gulf to the
Marmara Sea [Ambraseys and Finkel 1987, Altunel et al.
2004, Ambraseys 2002, Janssen et al. 2009, Kaya et al. 2004,
Rockwell et al. 2001, T ys z et al. 1998, Yaltirak and Alpar
2002, Yaltirak et al. 1998], we will not discuss its continua-
tion further eastwards in the framework of this report. The
fault zone geometry is relatively well constrained, based on
bathymetric data, seismic re ection pro les, microseismic-
ity distribution, and focal mechanisms of moderate and
strong events [Maley and Johnson 1971, Mascle and Martin
1990, agatay et al. 1998, Coskun 2000, Kurt et al. 2000, Us-
ta mer et al. 2008, Papazachos et al. 1991, Kiratzi et al. 1991,
McNeill et al. 2004, Saat ilar et al. 1999, Taymaz et al. 1991,
Karabulut et al. 2006]. Focal mechanisms document a pre-
vailing strike-slip motion with a dip-slip component, while
the distribution of the microseismicity suggests a steep (to
sub-vertical) fault plane. The total length of the fault zone is
probably more than 200 km. Based on the overall geometry,
there are certainly several segments, but the lack of speci ¢
data does not allow the segment boundaries, and especially
their nature, to be determined. Accordingly, the maximum
expected magnitude could range from 6.5 to probably more
then 7.5, with a slip per event that possibly exceeds 3 m.

6.4. North North Aegean Trough CSS (Saros and Samothraki
SE ISSs)

Mechanically associated with the south North Aegean
Trough CSS (see 6.3), the north North Aegean Trough CSS
(CSS code 290) runs subparallel and antithetic (SSE-dipping)
to the former (Figure 6; Table 5). The two fault zones pro-
gressively converge eastwards, and they probably merge into
aunique crustal-scale ower structure at the entrance of the
Saros Gulf [ agatay et al. 1998, Coskun 2000, Kurt et al.
2000, Yaltirak and Alpar 2002, Yaltirak et al. 1998]. The total
length is more than 120 km and its kinematics is oblique-slip
(to strike-slip), according to available focal mechanisms of
moderate to large earthquakes. Based on the slightly articu-
lated geometry, at least two segments have been recognized
and included in the GreDaSS: the 26-km-long Saros ISS (ISS
code 290), and the 24-km-long Samothraki SE 1SS (ISS code
291). These faults ruptured for M = 6.6 and M_ = 5.7 earth-
quakes (Table 1), which occurred on March 27, 1975, and July
6, 2003, respectively, north of the Kallipoli peninsula and east
of Samothraki Island [Kiratzi et al. 1985, Taymaz et al. 1991,
Papazachos et al. 1991, Jackson et al. 1992, Papazachos and
Papazachou 1997, Vannucci and Gasperini 2003, Vannucci
and Gasperini 2004, Karabulut et al. 2006]. The focal mech-

880

anisms suggest an oblique-slip motion (normal and dextral
components) on a moderately SE-dipping fault plane for the
Saros 1SS [Kiratzi et al. 1985, Taymaz et al. 1991, Papazachos
et al. 1991, Jackson et al. 1992], and an almost pure dextral
strike-slip motion on a steeply SE-dipping fault plane for the
Samothraki SE 1SS [Karabulut et al. 2006]. An investigation of
the 2003 sequence indicated a thick seismogenic layer of ca.
18 km [Karabulut et al. 2006]. Two historical large earth-
quakes have also been reported in this area [Papazchos and
Papazachou 1997] (Table 1): the rst on July 23, 1719 (M, =
6.7), and the second on August 6, 1860 (M, = 6.2). Although
both of these events have not been accurately located, at
least one could be related to the Samothraki SE fault segment.
A tentative maximum expected magnitude is probably be-
tween 6.6 and 7.1 [based on the empirical relationship of
Wells and Coppersmith 1994].

6.5. North Samothraki ISS

This fault (ISS code, 288) crosses the northern coast of
Samothraki Island and continues on both sides offshore (Fig-
ure 6; Table 5). From a mechanical point of view, this fault
can be interpreted as a normal dip-slip secondary structure
of the North Aegean Trough. According to morphotectonic
investigations, the fault is characterized by discrete scarps,
most of which are aligned in an ESE-WNW direction and
dip northwards [Pavlides et al. 2005]. They form a steep mor-
phology that controls the drainage pattern and causes depo-
sition of massive colluvial and alluvial deposits. The
Samothraki 1SS is probably the causative structure for the
homonymous earthquake that occurred on February 9, 1893
[Papazachos and Papazachou 1997, 2003, Ambraseys 2009]
(Table 1). Based on the estimated macroseismic magnitude
of 6.8 [Papazachos and Papazachou 1997, 2003], the pro-
posed length is at least 22 km [based on the empirical rela-
tionship of Wells and Coppersmith 1994].

6.6. Lemnos CSS

Lemnos CSS (CSS code, 825) is a ca. 40-km-long, NE-SW-
striking, sub-vertical- strike-slip, right-lateral structure that
runs across the homonymous island (Figure 6; Table 5)
[Koukouvelas and Aydin 2002, Pavlides et al. 2009]. It con-
sists of several smaller segments, some of which control the
coastline of the northeastern part of the island. The location,
geometry and kinematics of this structure imply a possible
connection with the south North Aegean Trough CSS to the
north. Even though the regional instrumental seismicity is
rather low, a strong (M, = 7.0) historical (197 BC) earthquake
is reported in the catalogue of Papazachos and Papazachou
[1997] (Table 1), based on scripts of Pausanias, who refer to
the sinking of Chryse Island, northeast of Lemnos. Accord-
ing to empirical relationships [Wells and Coppersmith 1994],
the maximum expected magnitude of a total rupture of this
fault zone is estimated at 6.8.
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6.7. Aghios Efstratios CSS and ISS

The Aghios Efstratios CSS (CSS code, 831) is a NE-SW-
striking, tectonic structure that runs south of Lemnos Island
and crosses the small Aghios Efstratios Island (Figure 6; Table
5). Although it is parallel to the North Aegean Basin CSS (see
6.2), its motion is mainly transcurrent as it derives from the
available focal mechanism of the 1968 event that ruptured
most of the structure [McKenzie 1972, Kiratzi et al. 1991,
Taymaz et al. 1991, Vannucci and Gasperini 2003, Vannucci
and Gasperini 2004] (Table 1). Field mapping indicates a NW-
dipping, steep to sub-vertical fault with signi cant right-lat-
eral motion [Pavlides et al. 1990, Pavlides and Tranos 1991].
The source dimensions (length, 75 km; width, 15 km) and an
average displacement of 1.8 m were scaled on the magnitude
of the M_ = 7.1 1968 earthquake [North 1977]. These values
are in good agreement with the aftershock spatial distribu-
tion [Drakopoulos and Economides 1972], although more re-
cent studies [Nalbant et al. 1998, Papadimitriou and Sykes
20017 suggest different dimensions and displacement [see dis-

cussion in Pavlides et al. 2009].

7. The Thessalian fault system

The rst-order topographic texture of Thessaly is char-
acterized by a NW-SE-trending, basin-and-range-like tec-
tonic system of latest Miocene-Early Pleistocene age, in the
region between the Pindos Mountain chain to the west, and
the Aegean Sea to the east (Figure 7; Table 6). However,
since the Middle Pleistocene, the area has been in a N(NE)-

S(SW) extensional regime that created mainly normal E-W-
trending fault systems, generally overprinting the older
basins, but locally exploiting inherited structures [Caputo
and Pavlides 1993]. As a consequence, the mean direction
of the active faults is (E)SE-(W)NW. On land, structures are
concentrated to the northern Larissa plain, where they form
the Tyrnavos Basin Gonnoi Horst (the South Tyrnavos Basin,
Tyrnavos, North Tyrnavos Basin and Omolio CSSs), and in
southern Thessaly (the Pagasitikos, Vasilika and Domokos
CSSs), which generates an almost continuous belt from the
Pagasitikos Gulf to the east, to the Karditsa plain to the west
[Caputo 1995]. There is an important differentiation though,
between the northern and southern sectors. Indeed, south-
ern Thessaly has been struck by several strong earthquakes
during historical as well as instrumental recording period
[Papadopoulos 1992] (Table 1), while in northern Thessaly,
there have been no strong events during the last 2-3 centuries,
with the only exception of the 1941 Larissa earthquake [Ca-
puto and Helly 2005a]. Nevertheless, geological, palaecoseis-
mological and morphotectonic investigations clearly
document strong linear morphogenic events also in the Tyr-
navos Basin [Caputo et al. 1994, 2003, 2004a]. Based on this
difference, a seismic gap in northern Thessaly has been sug-
gested [Caputo 1995].

Three more CSSs belong to this geodynamic sector,
which thus extends eastwards offshore from the Thessalian
coast (the South Cassandra offshore, Mavrovouni offshore and Pe-
lion offshore CSSs). These seismogenic sources are grouped
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Figure 7. Map detail of the seismogenic sources belonging to the "Thessalian fault system". See Figure 1 for map location and seismogenic sources.
Three-digit labels refer to the database code of the seismogenic source (ISS codes in italics). Years are provided for major earthquakes discussed in the main
text (see also Table 1).
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Seismogenic Type Code Length Width Min. Max. Strike Dip Rake Slipper Slip Recurrence Potential
source depth depth event  rate interval M,
(km)  (km) (km) (km) ) ) ) (m) (mm/a) (ka)
Pagasitikos Gulf ~ CSS 010 48.5 16.4 0 12.5 58-104 40-70 232-270 1.56 0.5-3.0 n/a 7.0
Volos ISS 010 21.0 15.0 0 12.3 85 55 266 0.63 1.0-3.0 6.5
Nea Anchialos ISS 011 23.0 14.0 0 11.5 83 55 255 0.18 1.0-3.0 1.5 6.1
Vasilika CSS 015 50.3 18.0 0 14.5 80-115 45-70 260-280 1.56 0.6-0.9 n/a 7.0
Righeo ISS 015 22.0 14.0 0 12.7 95 65 275 0.8 6.5
Dasolofos ISS 016 15.3 13.0 0 11.8 99 65 270 0.6 6.3
Domokos CSS 020 48.1 23.7 0 17.5 270-300 40-60 270-280 1.56 0.3-0.6 n/a 7.0
Ekkara ISS 020 29.0 17.0 0 13.0 288 50 285 0.75 0.3-0.5 3.2 6.7
South Tyrnavos
Basin CSS 004 39.9 17.0 0 13.0 255-300 40-70 260-280 1.16 0.1-0.5 n/a 6.8
Larissa ISS 005 19.0 13.0 0 11.8 284 65 270 0.4 0.1-0.5 0.5-1.5 6.3
Asmaki ISS 004 11.0 10.0 0 9.4 273 70 270 0.25 0.1 5.9
Tyrnavos CSS 001 19.7 16.4 0 14.0 275-290 50-75 260-280 0.55 0.1-0.4 n/a 6.3
Tyrnavos ISS 001 14.0 13.0 0 11.8 279 65 280 0.3 0.1-0.4 1.5-2.5 6.1
North Tyrnavos
Basin CSS 002 46.9 14.1 0 12.5 70-130 55-75 260-290 0.47 0.1-1.0 n/a 6.2
Rodia ISS 002 15.0 13.0 0 11.8 109 65 280 0.3 0.1-1.0 6.1
Gyrtoni ISS 003 13.0 12.0 0 11.3 103 70 270 0.3 0.01-0.1 6.1
Omolio CSS 040 38.7 18.3 0 14.0 280-310 40-70 260-280 0.74 0.4-0.9 n/a 6.5
South Kassandra
offshore CSS 285 46.0 16.8 0 14.5 70-115 50-80 210-245 1.34 0.8-1.4 n/a 6.9
Pelion offshore CSS 820 359 13.0 0 12.0 290-315 60-80 270-300 1.0 0.7-1.4 n/a 6.7
Mavrovouni CSS 815 35.2 16.2 0 14.0 280-300 50-80 270-310 1.16 0.7-1.6 n/a 6.8

Table 6. Seismotectonic parameters of the CSSs and ISSs included in the Thessalian fault system (see Figure 7). CSS, composite seismogenic source; ISS,
individual seismogenic source; Code, identi cation number within the database; n/a, not available.

here because of their parallelism with those on the land, and
especially due to the sharp angular relationship with the
CSSs described in the Northern Aegean offshore system (see
chapter 6).

7.1. Pagasitikos Gulf CSS (Volos and Nea Anchialos ISSs)

As mentioned above, North Aegean Trough consists of
three major CSSs. The easternmost is the ENE-WSW-
trending Pagasitikos Gulf CSS (CSS code, 010) (Figure 7;
Table 6). This dips southwards, controlling the northern
coastline of the homonymous gulf and the margin of the
Almyros Basin. Its total length is estimated as ca. 50 km, tak-
ing into account that the zone probably extends further to
the east, across the southern Pelion peninsula. The mor-
phological expression of the fault zone, its morphotectonic
features, and the two strongest events of the 1980 Magnesia
earthquake sequence indicate that there are two distinct seg-
ments (the Volos and Nea Anchialos 1SSs), with a right-step-
ping, partly overlapping, geometry.
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The Volos ISS (ISS code, 010) is the eastern segment of
the North Aegean Trough, and it lies almost totally offshore
and controls the northern coastline of the gulf. Morphologi-
cal indications suggest an onshore continuation across the Pe-
lion peninsula, to reach a total length of 21 km. The roughly
E-W-trending fault scarp is well documented on the sea oor
from bathymetric surveys, seismic pro les, and Holocene sed-
iment distributions [Perissoratis et al. 1991]. The Volos ISS was
responsible for the st strong shock (M = 6.5; July 9) of the
1980 seismic sequence (Table 1). The calculated focal mecha-
nisms of both the 1980 sequence and the April 30, 1985 (M =
5.5), event [Jackson et al. 1982, Papazachos et al. 1983,
Dziewonski et al. 1988, Ekstr m and England 1989, Taymaz et
al. 1991, Vannucci and Gasperini 2003, Vannucci and Gasperini
2004] generally t the geological observations, showing ENE-
WSW-striking planes, shallow-dipping towards the SSE, with
anormal dip-slip motion. A mean displacement of 0.63 m was
calculated from empirical relationships. The 1980 M, = 6.5
event probably represents the maximum expected magnitude.
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The western segment of the fault zone is the Nea An-
chialos 1SS (ISS code, 011), which borders the northern mar-
gin of Almyros Basin and partly controls the northern
coastline of the Pagasitikos Gulf. It has a total length of 23
km. It is the causative fault of the second strong earthquake
M, =6.1) of the 1980 sequence, which occurred 24 min after
the rst earthquake, suggesting a triggering phenomenon
(Table 1). The mapped fault trace and co-seismic ruptures [Pa-
pazachos et al. 1983, Ambraseys and Jackson 1990, Caputo
1996] indicate an ENE-WSW strike and a SSE dip [Papaza-
chos et al. 1983, Caputo and Pavlides 1991, Mountrakis et al.
1993a, Caputo 1995, 1996, Galanakis et al. 1998, Zovoili et al.
2004]. Microearthquake surveys delineate a south-dipping
fault plane (ca. 55 ) and a seismogenic layer thickness of ca. 12
km [Kementzetzidou 1996, Hatzfeld et al. 1999]. Both meso-
structural analyses [Caputo and Pavlides 1991, Caputo and
Pavlides 1993, Caputo 1996] and focal mechanisms [Jackson et
al. 1982, Papazachos et al. 1983, Dziewonski et al. 1988, Ek-
str m and England 1989, Taymaz et al. 1991, Vannucci and
Gasperini 2003, Vannucci and Gasperini 2004] indicate nor-
mal faulting associated with a N-S extension. Based on geo-
morphic markers, a slip rate between 1 mm/a and 3 mm/a
was estimated [Caputo 1996], and a recurrence interval of 1.5
ka has been suggested [Zovoili et al. 2004].

It is important to note that a possible breaching of these
two segments in the future could produce a larger earth-
quake, with a magnitude as high as 7.0 [based on the empir-
ical relationship of Wells and Coppersmith 1994].

7.2. Vasilika CSS (Righeo and Dasolofos ISSs)

Northwest of the Pagasitikos CSS (see 7.1) lies the Vasi-
lika CSS (CSS code, 015), which obliquely crosses the
Pliocene Early Pleistocene Central Hills horst in an E-W to
ESE-WNW direction, following a slightly curved fault trace
(Figure 7; Table 6) [Caputo 1996]. The fault zone disappears
under the Quaternary sediments of the Karditsa plain, and
its westward continuation is uncertain. The mapped length
of the neotectonic fault is ca. 50 km. In the central-eastern
sector, two major fault segments have been recognized [Ca-
puto 1995]: the Righeo (ISS code 015) and Dasolofos (ISS code
016) ISSs, as east and west, respectively. The two segments
have left-stepping, partly overlapping geometries, and show
clear morphotectonic evidence for Late Pleistocene deposits
[Caputo 1995, Caputo and Pavlides 1993]. Mesostructural
analyses indicate a SSW-dipping setting and a normal dip-slip
kinematics that is compatible with a roughly N-S direction of
extension. The Righeo ISS is 22 km long, while the Dasolofos
ISS is 15 km long. A microearthquake cluster has been in-
strumentally recorded within this seismogenic volume, thus
documenting a seismogenic depth of at least 12 km to 13 km
and 60 to 70 mean dip [Kementzetzidou 1996, Hatzfeld et al.
1999]. On March 8, 1957, two strong earthquakes occurred
near Velestino (M = 6.5 and 6.6, according to Ambraseys and
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Jackson 1990; or M, = 6.4 according to Vannucci and
Gasperini 2003, 2004] (Table 1), and these have been associ-
ated with this fault zone [Caputo 1995]. Although the poor
seismological recordings and especially the time difference of
7 min between the two earthquakes hamper the separate re-
construction of these two macroseismic elds, a possible trig-
gering effect can be tentatively suggested. Considering the
magnitudes, it is likely that both segments (partly) ruptured.
Ground ruptures were reported by local people only along
the Righeo ISS [Ambraseys and Jackson 1990]. The mean dis-
placements were calculated to be 0.8 m and 0.6 m, and the
maximum expected magnitudes, according to the empirical
relationship of Wells and Coppersmith [1994], were calcu-
lated as 6.5 and 6.3 for these two ISSs, respectively.

7.3. Domokos CSS (Ekkara ISS)

The westernmost seismogenic structure of the south-
ern Thessaly fault belt is represented by the Domokos CSS
(CSS code, 020) (Figure 7; Table 6), which is antithetic (i.e.
NNE-dipping) with respect to the Pagasitikos and Vasilika
CSSs (see 7.1, 7.2). The fault trace is marked by a curvi-
linear scarp, which varies in strike from E-W to (W)NW-
(E)SE, moving westwards. This is due to the interaction and
linkage of an inherited WNW-ESE trending fault system
with a more recent one, trending E-W. Based on geological
and morphotectonic investigations [Caputo and Pavlides
1993, Pavlides 1993], the total length can be roughly esti-
mated as 48 km, while mesostructural analyses document
dip-slip to oblique-slip motions that are compatible with a
NNE-SSW direction of extension [Caputo 1995]. The cen-
tral sector of the fault zone (Ekkara ISS; ISS code, 020) rup-
tured in the April 30, 1954, Sophades earthquake, which
produced several kilometer-long ground ruptures [Papasta-
matiou and Mouyiaris 1986] (Table 1). The initially assessed
surface magnitude was 7.0 [Papastamatiou and Mouyiaris
1986], but this was probably an overestimation (M_ = 6.7,
Ambraseys and Jackson 1990; M,, = 6.6, Vannucci and
Gasperini 2003, 2004]. Recent palaeoseismological investiga-
tions clearly document that this structure ruptured in the
past, and suggest a minimum slip rate of 0.3 mm/a to 0.5
mm/a, and a recurrence interval greater than 3 ka [Palyvos
etal. 2010]. The total length of the Ekkara ISS was estimated
to be 29 km. The focal mechanism proposed by Vannucci and
Gasperini [2003, 2004] suggests a WNW-tending, NNE-dip-
ping rupture plane, which is slightly different from that pro-
posed by McKenzie [1972].

7.4. South Tyrnavos Basin CSS (Larissa and Asmaki ISSs)

As mentioned above, northern Thessaly is characterized
by very low historical and instrumental seismicity, but promi-
nent neotectonic structures show evidence of recent activ-
ity The geological and the contrasting
seismological records suggest that there has been a seismic

similarity
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gap in the northern Larissa plain [Caputo 1995]. One of these
neotectonic structures is the South Tyrnavos Basin CSS (CSS
code, 004) (Figure 7; Table 6), which borders the homony-
mous graben to the south, and shows a NNE-dipping setting
with a normal dip-slip kinematics [Caputo et al. 1994]. The
fault zone is ca. 40 km long. Two segments have been rec-
ognized: the Larissa (ISS code, 005) and Asmaki (ISS code,
004) ISSs (west and east, respectively).

The Larissa 1SS is associated with a prominent fault
scarp that separates Pliocene Early Pleistocene deposits of
the Central Hills in the footwall from recent alluvial sedi-
ments of the Pinios River that 1l the hanging-wall basin.
Based on geological and morphotectonic investigations and
on geophysical surveys the fault has a length of 19 km and a
mean ESE-WNW orientation [Caputo and Pavlides 1993, Ca-
puto et al. 2003]. The eastern tip corresponds to an angular
barrier and a left-stepping underlapping geometry with the
nearby structure. Based on empirical relationships, the max-
imum expected magnitude is estimated to be 6.8, while the
slip rate ranges from 0.1 mm/a to 0.5 mm/a [Caputo 1995].

In the eastern sector, morphological evidence is more
subtle, probably due to an overall lower slip rate. However,
recent tectonic activity is well documented by the occur-
rence of few meters high, but several kilometres long, E-W-
trending scarps affecting the Holocene sediments of the
Larissa plain [Caputo et al. 1994] and documenting three sub-
parallel overlapping sub-emergent fault planes. One of these
structures (Asmaki ISS) is ca. 11 km long and was probably
ruptured in the March 1, 1941, Larissa earthquake (Table 1),
based on the occurrence of co-seismic ground ruptures along
one of these morphological alignments [Ambraseys and
Jackson 1990, Caputo 1995]. The focal mechanism indicates
a NNE-dipping slightly oblique-slip nodal plane, while the
magnitude of this event was M
Gasperini 2003, 2004], or M, = 6.3 according to Papazachos
and Papazachou [1997]. Although the eastern sector of the
South Tyrnavos Basin CSS is longer than the Asmaki Fault, due
to the above mentioned slip partitioning, the 1941 event pos-
sibly represents the maximum expected magnitude.

6.1 [Vanucci and

7.5. Tyrnavos CSS (Tyrnavos ISS)

The Tyrnavos CSS (CSS code, 001) (Figure 7; Table 6) is
parallel to and synthetic with the South Tyrnavos Basin CSS
(see 7.4). With the latter structure, the Tyrnavos CSS forms
a largely overlapping, right-stepping geometry that trends
ESE-WNW and has a total length of at least 20 km. The best-
de ned section of the fault is constrained to a length of 14
km, and this is conservatively represented by the Tyrnavos
ISS (ISS code, 001), which forms a prominent scarp that af-
fects the Triassic rocks as well as Pliocene and Late Quater-
nary sediments [Caputo 1993a, 1995]. A continuous
unweathered fresh scarp and 10-15-cm-high free-faces prob-
ably document recent co-seismic ruptures [Caputo 1993a].
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The displacement of the latest Pleistocene Holocene allu-
vial deposits along an 8-10-m-high scarp, as well as borehole
data, suggest a long-term slip-rate between 0.1 mm/a and
0.4 mm/a [Caputo 1993a, Caputo et al. 2004a, 2006]. The
fault surface has also been detected from geophysical sur-
veys: ground-penetrating radar [Caputo and Helly 2000],
electrical resistivity tomography [Caputo et al. 2003] and hor-
izontal-to-vertical spectral ratios [Oliveto et al. 2004]. The re-
sults of several palaeoseismological trenches document the
occurrence of atleast 12 or 13 events during the last 25 ka to
30 ka, and a mean recurrence interval of 1.5 ka to 2.5 ka[Ca-
puto and Helly 2007]. After using the empirical relationship
of Wells and Coppersmith [1994], the maximum expected
magnitude for the ISS is ca. 6.1, while the reactivation of the
whole CSS could generate a 6.3 event.

7.6. North Tyrnavos Basin CSS (Rodia and Gyrtoni ISSs)

The Tyrnavos Basin is bounded to the north by another
major CSS (North Tyrnavos Basin; CSS code, 002) that is anti-
thetic to and faces towards the previously described CSSs
(Figure 7; Table 6). The fault zone is characterized by an ar-
ticulated geometry, due to the linkage of inherited NW-SE-
trending segments and newly formed E(SE)-W(NW)-trending
segments [Caputo 1993b, Caputo and Helly 2005b]. Geolog-
ical, structural, morphotectonic and geophysical investiga-
tions have allowed the mapping of this CSS in detail and the
documentation of its recent activity [Caputo 1993b, Caputo
1995, Caputo and Pavlides 1993, Caputo et al. 1994, Caputo
etal. 2003]. The activity is further con rmed by the results of
palaeoseismological trenches [Caputo and Helly 2000, Ca-
puto et al. 2004b, Caputo and Helly 2005b]. Mesostructural
analyses have indicated a NNE-SSW direction of extension
[Caputo 1993b]. The total length of this fault zone is ca. 47
km. There are two major recognized fault segments: the
Rodia (ISS code, 002) and Gyrtoni (ISS code, 003) ISSs [Ca-
puto 1993b, Caputo 1995, Caputo and Pavlides 1993, Caputo
et al. 1994, Goldsworthy and Jackson 2000], which bear the
best evidence of recent activity.

The Rodia ISS is 15 km long and trends in an ESE-WNW
direction. It separates the Palaeozoic metamorphic rock of
the Pelagonian Zone to the north from the Pleistocene and
Holocene sediments to the south. The latter consists of scree
deposits that come from the mountain front, inter ngered with
the alluvial deposits of the Pinios River. Palacoseismological
investigations document a Holocene linear morphogenic
earthquake that has been dated 2-3 ka BP, with a vertical dis-
placement of 25 cm to 30 cm, and a possible magnitude of
6.4 £0.2 [Caputo and Helly 2005b]. With the addition of
morphotectonic and stratigraphic data, a slip rate ranging
between 0.1 mm/a and 1.0 mm/a has been suggested.

The Gyrtoni ISS is parallel to and synthetic with the Rodia
ISS, and shows right-stepping, underlapping geometry. The
fault is 13 km long and is mainly marked by a morphological



GREEK DATABASE OF SEISMOGENIC SOURCES

scarp that separates Villafranchian lacustrine deposits (the
footwall) from Holocene alluvial sediments [Caputo et al.
1994]. Further evidence of its recent activity comes from high-
resolution geophysical investigations [Caputo et al. 2003].

The seismogenic layer thickness of the area is believed to
be 12.5 km, from interpolation between the areas of the Ali-
akmonas and Pagasitikos CSSs. The maximum expected mag-
nitude of each faultis 6.1 [using the empirical relationship of
Wells and Coppersmith 1994], with a corresponding co-seis-
mic mean displacement of 0.3 m. The complex geometry of
the CSS suggests scenarios of total rupture are not likely.

7.7. Omolio CSS

The Omolio CSS (CSS code, 040) is the northernmost ac-
tive structure of the Thessalian fault system (Figure 7; Table
6). It is ESE-WNW trending and NNE dipping, and it sepa-
rates the Palacozoic Mesozoic bedrock from the Holocene
alluvial and deltaic deposits of the Pinios River (eastern sec-
tor) [Caputo 1990]. Together with the antithetic and diverg-
ing North Tyrnavos Basin CSS (see  7.6), the Omolio CSS
delimits the Gonnoi Horst, which was strongly uplifted in re-
cent times [Stiros et al. 2004]. This CSS is associated with a
39-km-long fault zone that shows evidence of recent tectonic
activity, such as a major linear escarpment and several sus-
pended wine-glass valleys. On June 9, 2003, a moderate earth-
quake (M_, = 5.3) hit the area, with a focal mechanism in
agreement with the CSS geometry and kinematics [Pavlides
etal. 2004b]. The event was probably associated with this seis-
mogenic volume, but was too deep and small to produce any
clear surface expression. On the basis of the CSS dimensions
and the empirical relationship of Wells and Coppersmith
[1994], the maximum expected magnitude is 6.5.

7.8. South Kassandra offshore CSS

The South Kassandra offshore CSS (CSS code, 285) is the
western continuation of the South Chalkidiki offshore CSS
(see 6.1), although it is characterized by a marked orienta-
tion change along its strike, from E-W to ESE-WNW (Fig-
ure 7; Table 6). Its total length is 46 km, and the motion is
probably pure dip-slip normal [Brooks and Ferentinos 1980,
Papanikolaou et al. 2002]. It is associated with a major sub-
marine escarpment that follows the coastline of the Kas-
sandra peninsula. Its recent activity has been inferred from
high-resolution seismic re ection pro les [Papanikolaou et
al. 2006], which show clear downthrow of the southern
block and deformation of the sea- oor sediments. The esti-
mated maximum expected magnitude and slip per event are
6.9 and 1.34 m, respectively.

7.9. Pelion offshore CSS

The Pelion offshore CSS (CSS code, 820) follows the
southwestern border of the North Aegean Basin, offshore
from the eastern Pelion peninsula, and north of Skiathos and
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Skopelos Islands. It is represented by a (W)NW-(E)SE trend-
ing fault zone (Figure 7; Table 6). This tectonic structure is
ca. 36 km long, and it is NE-dipping, as emphasized by a
steep morphological submarine slope [Papanikolaou et al.
2002]. The location and geometry of the fault zone and its re-
cent activity are also clear in the seismic re ection pro les,
which show that it has displaced and deformed the sea-bot-
tom sediments [Laigle et al. 2000, Papanikolaou et al. 2006].
Based on its orientation and the geodynamic setting, the mo-
tion should be slightly oblique-slip, but with a prevailing nor-
mal dip-slip component. The estimated maximum expected
magnitude and slip per event are 6.7 and 1.0 m, respectively.

7.10. Mavrovouni offshore
Located at the western margin of the North Aegean
Basin (Figure 7; Table 6), Mavrovouni CSS (CSS code, 815)
shows similar characteristics to the southern, parallel and
synthetic Pelion offshore CSS (see  7.9). Identi ed as slightly
oblique-slip with a prevailing normal dip-slip component
structure [Papanikolaou and Papanikolaou 2007], this CSS
clearly affects the sea- oor morphology [Papanikolaou et al.
2002]. Seismic re ection pro les carried out across this fault
clearly document displacement and deformation of the sea-
oor sediments [Papanikolaou et al. 2006]. The fault com-
plexity towards the basin does not allow good constraint of
its continuation further east. The estimated maximum ex-
pected magnitude and slip per event are 6.8 and 1.16 m, re-
spectively.

8. Concluding remarks

Since the beginning of the GreDaSS Project, more than
35 CSSs and 55 ISSs have been recognized, studied and ana-
lyzed in the pilot area of northern Greece, while many seis-
mogenic sources are in progress for the rest of the Greek
territory. Several ISSs have been directly and con dently as-
sociated with recent instrumentally recorded earthquakes,
and even more have been related to historical events, with
many recognized as individual segments. The great major-
ity of the ISSs belong to larger fault zones represented by
CSSs. It is important to recall that although the database has
been expanded to the rest of the Aegean Region, the selec-
tion of northern Greece as a pilot area is because this region
has the highest level of completeness for both seismogenic
sources and their associated metadata, according to our pres-
ent knowledge. However, it would be utopic to believe that
this is the nal picture for this area. Dif culties in investigat-
ing, documenting and recognising active faults are evident in
cases of offshore areas (e.g. the Aegean Sea) or areas where
the lithology does not allow the preservation of the fault
scarps (e.g. the prevailing clastic deposits in Epirus), which
implies the occurrence of a possible information gap that
will hopefully be resolved in future investigations.

One of the main purposes of the GreDaSS and its con-
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tribution to the SHARE Project is to participate in the com-
putational infrastructure for SHA that will produce an inte-
grated European probabilistic SHA (PSHA) model and
speci ¢ scenario-based modeling tools that will deliver a long-
lasting structural impact in areas of social and economic rel-
evance. It will also serve as a reference for the Eurocode 8
application, by providing homogeneous input for correct seis-
mic safety assessments for critical industries, such as the en-
ergy infrastructures and the re-insurance sector. Beyond the
scope of enhancing SHA, the GreDaSS can also facilitate bet-
ter understanding and better modeling of the geodynamics
and seismotectonic setting of the whole Aegean Region.

Based on the three-dimensional structure (geometry) of
many seismogenic sources, observations on fault clustering
and regional patterns, homogeneity of the data concerning
the kinematic behavior, and comparisons of similar well
known structures out of, but near to, the study area (i.e. the
Gulf of Corinth), the occurrence of several low-angle nor-
mal detachment fault zones can be inferred for the mainland
of northern Greece [Sboras and Caputo 2010]. For example,
the fault system of Mygdonia Basin probably has its roots in
the N-dipping, low-angle shear zone of the Anthemountas
CSSs [Tranos et al. 2003]. Similarly, in the Kozani area, the
Palaeochori ISS can be interpreted as a northern splay of the
shallow NNW-dipping structure of Deskati DSS [Chiarabba
and Selvaggi 1997, Hatzfeld et al. 1997, Hatzfeld et al. 1998,
Doutsos and Koukouvelas 1998]. A comparable geological
and tectonic setting can be envisaged for the Ptolemaida
Basin [Sboras and Caputo 2010].

Moreover, the processes that provide homogeneity dur-
ing data collection and parameterization of the seismogenic
sources in the database have allowed us to roughly distin-
guish ve sectors that show common geometrical and geo-
dynamic characteristics: (i) a northern E-W-trending fault
belt in Thrace and Eastern Macedonia; (ii) a complex E(SE)-
W(NW)-trending fault system that affects the Chalkidiki
peninsula and its possibly associated low-angle detachments;
(iif) the NE-SW-trending anti-Hellenic fault system in west-
ern Macedonia and Epirus; (iv) the E(SE)-W(NW)-trending
Thessalian fault system; and (v) the (E)NE-(W)SW-trending
North Aegean Sea fault system, which is almost exclusively
located offshore. These sectors probably correspond to
major crustal (and lithospheric?) blocks that are character-
ized by partially independent behaviors, at least during the
Quaternary, although they could also be associated with the
occurrence of older inherited structures.

This report attempts to provide a contribution towards
synthesizing and standardizing published and new data, and
is aimed at more precise SHA for northern Greece and to
provide assistance for the re nement of the current seismic
zonation of the area. Given that the GreDaSS is in continu-
ous development and that many seismogenic sources in the
remaining Aegean Region have at least been preliminarily as-
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sessed for all of the necessary seismotectonic parameters, we
expect that in the near future more sectors of the database
will be released and published.
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