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ABSTRACT 
 

This paper examines the distribution of the main seismically capable faults of Greece and the broader 
Aegean region, as well as their usefulness in seismic hazard assessment. The geological faults have 
been classified into two distinct categories, depending on their location: mainland faults and offshore 
faults. Faults in these categories present various differences, as well as similarities. Mainland faults, 
although not as large as the offshore ones, are the most hazardous ones, as they may affect directly 
structures and infrastructures. The characterization of faults has been done based on historical, 
geological, geomorphological and geometrical criteria. 
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INTRODUCTION 
 

One of the main considerations to be taken into account when designing a structure is the probable 
effects of a near- or far- field earthquake. The intensity of the earthquake in any given area, hence the 
effects on structures and infrastructures, is a direct consequence of the following factors: 
 

1. The physical properties of the foundation soil 
2. The distance and depth of the earthquake epicentre 
3. The proximity to any geological faults, even ones that have not been activated during the 

earthquake. 
 
The latter factor holds a very significant role in seismic behaviour of structures, but its effect has been 
largely underestimated in recent studies, while there is no technical experience and technology to 
prevent earthquake damage to buildings built across faults. 
 
It is important to note that, it is difficult to assign a given earthquake to a particular fault even with 
modern data. For historical events morphotectonic and other geological data are important, but mainly 
clear literature evidence and especially palaeoseismological proof are crucial. There are plenty of 
examples world-wide and within the Aegean Region. In this study we use mainly geological criteria in 
association with literature information of historical earthquakes, archaeoseismological and geodetic 
evidence, in order to characterize active or possibly active faults, that is capable faults and to map 
them. This can be considered as the first step in seismic hazard assessment. 
 
In this paper we present the recently compiled and constantly updated map of active and possibly 
active faults in Greece, as well as the main points of the fault related seismic hazard assessment (SHA) 
that should be taken into account when designing a structure. 
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The Aegean Region is characterised by intense seismic activity due to the rapidly deforming broader 
Eastern Mediterranean area and its complex neotectonic structure. Although the Aegean Region has 
one of the longest and densest records of historical seismicity in the world (e.g. Guidoboni et al., 
1994; Guidoboni and Comastri, 2005; Papazachos et al., 2000; Pavlides, 1996), available knowledge 
about co-seismic surface ruptures in the region is fairly limited. From the 550 BC Sparta earthquake, 
which is possibly the oldest known seismic event in Greece, there are good descriptions for more than 
500 moderate and strong earthquakes. Nevertheless, the historical database is generally incomplete, 
especially for some specific areas, such as the Cyclades Islands (Central–Southern Aegean), Thrace 
and Western Macedonia (Northern Greece) or for historical periods of socio-economical decline. The 
area investigated in the present note is the broader Aegean Region represented by Greece and the 
territories of the neighbouring countries. Instrumental data cover less than 100 years and the historical 
information can be considered rather complete from the 19th century onwards. Where earthquake 
repeat times are less than 100 or 200 years such information might be adequate. 
 
From a long list and among many papers and catalogues describing ground co-seismic deformation, 
only few pre-instrumental earthquakes can be directly correlated to a particular fault and even in fewer 
cases information about the surface rupture length, the maximum displacement and the average 
displacement is reliable. A fundamental problem in all statistical analyses is the accuracy of the data. 
Indeed, the seismic ground deformation associated with faults is usually investigated and described by 
different authors who are not necessarily scientists, especially for older historical events. Based on the 
evidence of the last two decades, most of the pre-existing information for co-seismic fault traces were 
re-examined. 
However, palaeoseismological researches in Greece have shown that the average recurrence interval of 
specific active faults is commonly longer than 500 years and usually some thousands years 
(Chatzipetros et al., 1998, 2006; Caputo et al., 1998). But the lack of contemporary or historical 
seismic activity can indicate ‘hazard’ rather than safety. A typical example is represented by the 
Kozani-Grevena region, Northern Greece, which was considered a relatively stable area of low 
seismicity because of a lack of moderate-large earthquakes till before the event which shocked the area 
on May 13, 1995 with a magnitude of 6.6. Quiescence of known active faults probably indicates a 
seismic risk because strain is accumulating (Pavlides and King, 1998). 
 
Archaeological evidence also brings additional information for co-seismic ground fractures (e.g. 
Stiros, 1988; Pavlides et al., 2001). For example, archaeoseismological researches suggest that at least 
two major earthquakes struck the town of Butrint (SW Albania), the first one during late Roman-early 
Byzantine times (2nd-3rd century) and the second one during the Byzantine period (12th century). The 
most distinctive evidence for surface ruptures is found in the theatre and in the Tower Gate (Hasani, 
1989; Pavlides et al., 2001). This seismic event was responsible for the destruction of Butrint after the 
3rd century AD. The oldest known historical event, which occurred between the late 3rd and the 4th 
centuries close to Butrint, is that of 358 AD. Accordingly, Butrint can be considered the macroseismic 
epicentre of the 358 AD strong earthquake, where primary destruction due to seismic fault 
displacement is documented. The maximum Intensity of this event can then be re-considered as IX to 
X, because of the seismic cracks that affected the buildings’ foundations and the floor of the terraced 
seating of the theatre. Also the epicentre of the poorly known seismic event of the 1153 AD could be 
assumed in the Butrint area, though with a larger degree of uncertainty (Pavlides et al., 2001). 
Indications in other sites also provide information οn historical earthquakes. In Mikri Doxipara-Zoni 
site (NE Greece, Evros area, Ardas Fault system) a distinctive fault deforms the Roman archeological 
layer, with a maximum surface displacement of 0.9 m. This is a marker of a large earthquake that 
produced ground deformation like no other in the area (Pavlides et al., 2006a, 2006b). 
 
 

NEOTECTONIC AND ACTIVE FAULT MAP OF GREECE 
 
The active faults of Greece can be divided into two very broad groups, according to their size and 
seismic potential: 



 
1. Mainland faults. These faults are predominantly normal or oblique-slip ones, with lengths that 

typically range from a few to a couple of tens of km. They generate shallow earthquakes with 
epicentre depth of no more than 12-15 km (seismogenic layer). Their importance in SHA is 
great, since they commonly bound fault valleys (grabens) in which the largest percentage of 
Greece’s population lives. Therefore, their size is not such an important factor for SHA, as is 
their proximity to populated places. A characteristic example is the Ms 5.9 Athens earthquake 
in 1999, which was produced by the relatively small Fili (Parnitha) fault; it did however inflict 
severe and fatal damages to hundreds of buildings in the broader Athens area (Pavlides et al, 
2002, Papadopoulos et al, 2002). 

 
2. Offshore faults. These faults can be of any kind, tending to be reverse or strike slip in the 

Ionian Sea and normal or strike slip in the Aegean Sea. Depending on their type, they can be 
from a few to several tens of km long. They are the sources of the largest earthquakes 
observed in Greece, as they are commonly directly or indirectly associated with either the 
Hellenic Arc, i.e. the subduction zone of African plate below the Eurasian one, or the Aegean 
Trough, i.e. the extension of the great North Anatolian Fault Zone into the Aegean. A typical 
example of an active offshore fault that caused extensive earthquake damage is the fault that 
bounds the southern shores of Amorgos island, associated with the strong 1956 shock 
(Papadopoulos and Pavlides, 1992). 

 
The main characteristics of surface earthquake ruptures in Greece can be grouped as follows (it has to 
be noted that these are general remarks and exceptions do apply): 
 

1. They are typically associated with mainland faults. This is mainly due to the generally shallow 
focal depth and their geological setting (basin bounding faults), which amplifies the surface 
effects of the earthquakes. 

 
2. They can be formed on either the seismogenic faults, or on other secondary faults. This is a 

very important point for SHA, because not only the large, active faults should be taken into 
consideration, but also the neighbouring faults that can be triggered by an earthquake. 
Triggering is very common for Greek faults and it is observable in almost every large 
earthquake.  

 
3. They form both directly on the geological fault’s surface, as well as in newly formed surfaces 

near the main fault. Therefore, in SHA the seismic faults should be taken into account not just 
as single surfaces or linear traces, but rather as zones. 

 
For engineering purposes, the fault zones should be mapped and studied in large scale, but the broader 
tectonic setting and the interactions between distinct fault zones should also be taken into 
considerations, as far-field effects may also affect the area under study.  
 
Criteria of identification and mapping of faults 
The map of active faults in Greece has been made on the basis of many published data and 
compilation of separate maps. The main criteria used for identifying a mainland fault as active are: 
 

1. Seismic activity, either in large (historical earthquakes with evidence of ground deformation) 
or small scale (microseismicity). 

 
2. Orientation in respect to the active stress field of the broader Aegean region. The active stress 

field in the Aegean region varies, but the largest area is dominated by a N-S directed 
extension, which activates faults in a roughly E-W orientation. 

 
3. Geomorphological features, such as fault scarps, drainage pattern, favourable morphotectonic 

indices and quantitative morphotectonic analysis. 



 
4. Geological features, such as faulted recent sediments, etc. 

 
For offshore areas, mainly seismicity data and geologic evidence from geophysical surveys are used 
for identifying active faults, as well as detailed sea-floor bathymetry. Based on these criteria, figure 1 
presents the concise active fault map of Greece.  
 

 
Figure 1. Map of capable faults (seismically active and possible faults) of the broader Aegean 

region (Greece and surrounding countries). 
 
 
Seismic Hazard Assessment (SHA) 
Practical guidelines are urgently needed to reduce the risks associated with the fault ruptures. Among 
them are the fault map in different scales and the assessment of their seismic potential. Historical and 



seismotectonic information from the broader Aegean Region have been collected and all possible data 
relative to ground deformations associated to earthquakes that hit the area have been re-evaluated. All 
events associated to co-seismic surface faulting have been selected and further investigated, while 
geomorphological and geological criteria have been used to recognise and characterise the 
seismogenic faults, and other ground deformation features. In order to contribute to Seismic Hazard 
Analyses, a list of all earthquakes where the surface rupture length (SRL), the maximum vertical 
displacement (MVD) or the average displacement (AD) is available was compiled. We thus obtained 
reliable values of these source parameters for 37 earthquakes, of which 27 occurred during the 20th 
century, 6 in the 19th century and the three remaining earlier. The calculated empirical regression 
equations (Pavlides& Caputo 2004) are: 
 
 Ms = 0.90·log(SRL) + 5.48  (1) 

 
and 

 
 Ms = 0.59·log(MVD) + 6.75 (2) 

 
showing relatively good values of the R2 test (0.71 and 0.65, respectively), similar to previous 
published empirical equations (Wells & Coppersmith 1994; Ambraseys & Jackson 1998). Co-seismic 
fault rupture lengths and especially maximum displacements in the Aegean Region have 
systematically lower values than the same parameters world-wide, but are similar to those of the 
Eastern Mediterranean-Middle East region (Wells & Coppersmith 1994; Ambraseys & Jackson 1998). 
The envelopes of diagrams are also calculated and discussed for estimating the worst-case scenario. 
For all investigated seismogenic structures, based on several geological criteria, the 'geological' fault 
length (GFL) was introduced, too. About half the investigated earthquakes ruptured almost the entire 
fault length, and a second peak around the value of 0.5, related to the possible segmentation of longer 
neotectonic structures. (Pavlides & Caputo 2004 and references within). The typical length of the 
major active faults in continental regions range from 10 to about 50 km. Average co-seismic 
displacements according to historical information and geological data on the fault scarp degradation is 
in the order of few tens of cm, while maximum observed vertical displacements are among others: 2m 
for the 1906 Krupnic – Cresna (SW Bulgaria) M=7.3 earthquake, 1.5 m for the Ierissos (Chalkidiki, 
Northern Greece) 1932 earthquake (M6.9) and also 1.5 m for a smaller surface event of Kaparelli 
(Eastern Corinthian Gulf) 1981 event M=6.4. 

 
Updating the building codes 
Based on the above mentioned data, as well as numerous other indications of localized damage 
distribution in the areas of active faults during earthquakes, certain parts of the building codes should 
be updated. A few complementary suggestions for building near active faults are given in the 
following paragraphs: 
 

1. The geological-neotectonic study of a geologic fault should combine quantitative 
morphotectonic data, satellite and aerial image analysis, accompanied by digital elevation 
models, detailed neotectonic surface mapping, as well as paleoseismological trenching in 
selected sites along the faults, in order to propose clear and quantitative results, such as 
number and size of paleoseismic events, slip rate, etc. for:  
a. Mapping with the best possible precision and the largest possible scale the surface 

fault trace and its accompanying structures. 
b. Defining the complexity of its surface structure. 
c. Defining the fault segments and their seismic behaviour. 
d. Defining the mean recurrence interval for strong earthquakes. 
e. Assessing the seismic potential and hazard of the particular fault zone. 

 
2. The characterization of seismic active faults should be revised altogether; the main criteria 

should be paleoseismic and morphotectonic. Based on such information, it is proposed that 
the faults should be classified into four large categories, in respect to their activity degree: 



a. Holocene active faults (with confirmed displacement during the last 10,000 years and 
high slip rate). 

b. Late Quaternary active faults (with confirmed displacement during the last 40,000 
years, which is the lower 14C dating limit). 

c. Quaternary active faults (with confirmed displacement during the Quaternary – 
1,800,000 years and low to medium slip rate). 

d. Capable faults of uncertain age (with geometrical structure and kinematics favourably 
oriented in the active stress field), which can possible be activated during a future 
earthquake. 

e. Faults of uncertain activity (possibly inactive). 
 

3. Construction of buildings near seismically active faults cannot be avoided; it should 
however be allowed only after a geological-seismological-geotechnical study (Greek 
Seismic Code). For this special kind of study, a set of specifications should be adopted, 
after taking into account all the known cases of surface rupturing, their effect on 
constructions and taking into account the particularities of each case. 

 
4. Because the specific position of a seismically active geological fault is not always mapped 

in detail and its surface rupturing after a possible reactivation includes a large number of 
uncertainties, the relative position of the rupture in relation to the construction should be 
parametrically analyzed. 

 
5. The construction by itself is affecting the surface rupturing; it can deflect it and/or change 

the amount of surface displacement. 
  

 
CONCLUSION 

A map of capable faults (seismically active and possible faults) of the broader Aegean region (Greece 
and surrounding countries) has been made on the basis of many published data and compilation of 
separate maps. Active faults are complex structures of the earth’s crust and often have multiple breaks. 
A number of methods and evaluating techniques need to be used in identification and investigation. 
Active fault maps in right scales could help new seismic hazard zonation, avoidance zones for 
building, where possible. Geologists with recognised experience on the subject are the most 
appropriate professionals to assess, locate and investigate seismic capable faults. Engineers with 
particular experience in geotechnical and seismic risk topics are also able to further investigate fault 
and their distinct seismic dynamics for safer constructions. 
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