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Antakya province is tectonically aAected by Dead Sea and East Anatolian faults and the Cyprus arc.
Although there had been major and devastating earthquakes in the historical period, the fact that there is
no major earthquake in the instrumental period increases the risk of seismic hazard of the region. In this
study, it is aimed to perform a probabilistic seismic hazard analysis application for Antakya province,
Turkey. For this purpose, the earthquakes (Mw C 4) which occurred between 1900 and 2017 were used.
Nine seismic source zones that could aAect the Antakya province were identiBed and the seismic hazard
parameters calculated for each zone. Peak ground acceleration (PGA) values that can occur in a possible
earthquake were obtained according to a recurrence period of 475 yrs by using two different attenuation
relationships and presented with iso-acceleration maps. The calculated PGA values in the study area are
found as between 0.32 and 0.57 g for both attenuation relationships. The areas located on the north of
Kırıkhan district have the highest risk of seismic hazard in the study area according to determined PGA
values.
Keywords. Probabilistic seismic hazard analysis; peak ground acceleration; iso-acceleration map;
Antakya province.

1. Introduction
Empirical predictive attenuation relation based on
ground motions that occurs following an earthquake, reCects the properties of local site conditions and propagation path in a given site. Those
type of knowledge provides valuable data in terms
of determination the possible maximum values of
recorded peak ground motions and seismic hazard
investigations. Seismic hazard is deBned as the
probability of exceeding at a particular timedependent level of hazard related to ground motion
or earthquake magnitude. Due to the uncertainties
that the earthquakes show in terms of time, place

and intensity, an approach based on probability
and statistical methods is required to determine
the parameter values to be utilized in the design of
earthquake resistant structures (Yucemen 2011).
Seismic hazard analyses constitute a significant
part of the development of design ground motion in
earthquake hazard assessment. Seismic hazard
assessment is carried out in two ways. The Brst
method is the deterministic seismic hazard analysis
(DSHA), which covers the development of seismic
scenarios that assumes that in a certain location, a
certain size of the earthquake will occur within a
speciBc earthquake scenario content. The second is
the probabilistic seismic hazard analysis (PSHA).
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The size, location and return period of all earthquakes that may be as well as uncertainties about
these variables are evaluated in PSHA. PSHA has
been developed with the aim of predicting ground
motion parameters according to a certain probability of exceeding at a particular level of hazard,
considering the geometry of seismic sources, distances to desired Beld of study, attenuation relationships and uncertainties in the magnitude of
predicted earthquakes. According to Reiter (1990),
a typical PSHA involves four steps. (1) The sources
of earthquakes are identiBed which can generate
significant ground motion in the study area. The
geometry and earthquake potential of each source
are deBned; (2) the magnitude–frequency relationship of earthquakes is used to determine the
seismicity of each seismic source area; (3) the
ground motion, which is generated by the earthquake at any magnitude that will aAect the study
area is determined by the attenuation relationships
calculated from strong ground motion records; and
(4) the magnitude–frequency relations in the seismic sources are evaluated together with the strong
ground motion attenuation relationship, and the
ground motion parameter is obtained.
Probabilistic seismic hazard analysis enables
systematic modelling and prediction of ground
motion parameters with a certain probability of
exceeding in many uncertainties, such as geometry
of seismic sources, distances to the desired Beld of
study, attenuation relationships, and magnitudes
of predicted earthquakes. Statistical seismic hazard
analysis has been utilizing since 1960s (Cornell
1968; McGuire 1976; Der Kiureghian and Ang
1977; Bender 1986; Gulkan and Yucemen 1991).
Considering the uncertainties in the determination
of earthquake phenomenon according to complex
geologic and seismological parameters, it has been
investigated that the PSHA is much more successful compared to the DSHA on the prediction of
ground motion parameters. Nevertheless, PSHA
applications for various regions of the world have
been used in seismic hazard studies (Cornell 1968;
Veneziano et al. 1984; Kebede and Van Eck 1996;
Lindholm and Bungum 2000, 2003; Atakan et al.
2002; Erdik et al. 2004; Ardeleanu et al. 2005;
Sabetta et al. 2005; Simeonova et al. 2006; Nakajima et al. 2007; Kalkan et al. 2009; Anbazhagan
et al. 2009; RaB et al. 2012; Khan et al. 2013;
Trianni et al. 2014; Das et al. 2016; Ghasemi et al.
2016; Ince and Kurnaz 2018).
The easternmost part of the Mediterranean
region in Turkey, has been tectonically controlled
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by very active fault zones such as the Dead Sea
Fault Zone (DSFZ), the Eastern Anatolian Fault
Zone (EAFZ) and the Cyprus Arc. Since this area
has been relatively quiescent in the last century,
many devastating earthquakes exposed especially
in the historical period (see also Sunbul 2019). The
last two major earthquakes aAecting the region are
the August 13, 1822 (Ms = 7.3) and the April 3,
1872 (Ms = 7.2) earthquakes, which caused surface
fracture of approximately 20–30 km (Ambraseys
and Jackson 1998). In fact, Antakya and its surroundings are located in the Brst-degree seismic
risk on the map of Turkey Earthquake Zones
(GDDA 2019). In terms of those tectonic and
seismological characteristics and time interval
between the occurrence of destructive earthquakes
of the region, it is worth to study potential future
earthquakes with prediction of potential shaking
intensity.
This study is focused to a PSHA application
based on Cornell (1968) in order to assess the
seismic hazard of the Antakya province. The peak
ground acceleration (PGA) values for 10% probability of exceedance in 50 yrs in the study area were
determined by using two different attenuation
relationships that are suggested by Boore et al.
(1997); Kalkan and Gulkan (2004). The CRISIS2007 software (Ordaz et al. 2007) based on
Poisson probability distribution and geographic
information system (GIS) was preferred for the
analysis and iso-acceleration maps.

2. Study area
2.1 Geological settings
Antakya province is located at the southernmost
part of Turkey and 22 km inside from the eastern
tip of the Mediterranean region. The study area
and surroundings consist mainly of magmatic and
sedimentary rocks. The presence of metamorphic
rocks is limited. Majority of magmatic rocks are
the ophiolites and volcanic residuals. The sediments extend from the Lower Paleozoic to the
Quaternary (Atan 1969; Aslaner 1973; Selcßuk 1981;
€
Piskin et al. 1986; Ozkoc
ßak 1993).
The autochthonous is from top to bottom, and
composed of as a wide series Cretaceous, Jurassic
and Triassic formations and Paleozoic aged rocks.
The wide series overlie as a discordant over the
Paleozoic formations. Cretaceous covers the limestones, marly limestones, marls, sandy limestones,
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siliceous limestones and sandstones. Jurassic
consists of limestones, dolomitic, oolitic and sandy
limestones and the Triassic is composed of quartzites, limestones and conglomerates (Bgure 1).
Allochthonous mainly consists of two units such as
the ophiolites (from bottom to top) and covers.
The ophiolitic massif is a typical series of ophiolites
consisting of serpentinized dunites and harzburgites, stratiBed gabbros, sheeted dyke complex and
pillow lavas. The massif core consists of peridotites
located in the center of a NE–SW anticline. The
upper members of the ophiolites overlie the wings
of the anticline. The cover that unconformably
over the ophiolites consists of from bottom to top;
Upper Cretaceous aged limestones, conglomerates
and sandstones, Paleogene aged limestones, marly
limestones, marls and sandstones, Neogene aged
unconformable sandstones, clay, marly limestones,
marls, gypsum, reefal limestones and sandstones,
Quaternary aged basalts and alluviums.
The volcanoes not associated with ophiolites in
Antakya region formed in three main stages as
Triassic, Jurassic and Neogene–Quaternary. The
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Triassic Baer–Bassit volcano-sedimentary series
usually contains Cows in the form of pillow lavas
(Parrot 1974, 1977). This volcanism is interpreted as
an evidence of a rift phase aAecting the northern
boundary of the African–Arabian platform. The Neogene–Quaternary aged volcanism is well developed in
Antakya region. Miocene and Quaternary aged basalts
are abundant especially in Karasu valley.
The Antakya ophiolite shows three main
changes: serpentinization, more or less iodinegite
formation and a weak metamorphism (ocean Coor
type). Ocean Coor metamorphism in the green
schist-zeolite facies is weaker than Troodos
(Sinewing 1975) and it has aAected some of the
gabbros, the entire sheeted dyke complex, and
possibly pillow lavas.
Trace element analyses of the Antakya and
Baer–Bassit lavas have shown that they are closer
to volcanic arc basalts or basin basalts. The
absence of andesites indicates that these two massifs do not belong to a typical island arc. For this
reason, the edge basin origin is most likely visible
(Delaloye and Wagner 1984).

Figure 1. Geological map of Antakya and surroundings (Over et al. 2011).
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The geochronometrically determined age of the
Antakya sheeted dyke complex is between 73 and
99 million yrs. This indicates a Middle Cretaceous
or slightly older age. The ages obtained from the
green amphiboles taken from the gabbro are
slightly larger (Upper Jurassic) (Delaloye et al.
1980).
The amphiboles taken from the metamorphic
base of the Baer–Bassit ophiolite give an age of
85–95 million yrs. Since this base is formed by the
rupture and drifting of the oceanic crust, the
ophiolite part with these amphibolites represents
the youngest part of the lithosphere. The isotopic
age obtained here may be the upper limit of ophiolitic formation age. Therefore, the Antakya and
Baer–Bassit ophiolites represent the youngest
parts of an active ridge in the Jurassic period
(Delaloye and Wagner 1984).

2.2 Seismotectonic features
Antakya and its immediate surroundings reCect
the inCuence of relative movements of Eurasia,
Arabia and African plates in morphotectonic terms
(Mc Kenzie 1972, 1978; Le Pichon and Angelier
1979; Seng€
or 1979; Dewey et al. 1986; Jackson and
Mc Kenzie 1988). The Arabian and African plates
move northward on the weakly resistant upper
asthenosphere, under the inCuence of convective
currents in the mantle (Simão et al. 2016). The
Arabian plate moves at an average speed of 18 mm
per year in the north-north direction towards
Eurasia and the African plate moves at the speed of
about 10 mm per year in the north direction related
to Eurasia (Reilinger et al. 2006) (Bgure 2). The
movements of the African and Arabia plates to the
north cause the north–south direction of the Anatolian plate to be compressed. This compression,
which has been met by the east–west trending folds
and thrusts, had been compensated by lateral
strike faulting in the Upper Miocene. The NAF,
EAF and DSF fault zones were formed as a result
of this process (Bgure 2).
The EAFZ, which is about *500 km long, was
Brst described by Arpat and Saroglu (1972) and it
is the southern boundary of the Anatolian Block
or et al. 1985; Dewey
westward movement (Seng€
et al. 1986). The fault zone oriented in the northeast and southwest direction with a left-lateral
strike, responses the compression between the
Arab–African
plates
and
the
Anatolian
Block–Eurasian plate with a lateral movement
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(Arpat and Saroglu 1972; Jackson and McKenzie
1984; Seng€
or et al. 1985). Different researchers
have proposed different opinions on the continuation of the EAFZ in the east of Kahramanmaras.
Some of the researchers suggested that the EAFZ
extends to Antakya and combines with DSFZ
(Arpat and Saroglu 1975; Lyberis et al. 1992; Saroglu et al. 1992), some others suggested that the
fault zone extends to the Mediterranean or Cyprus
(Seng€
or et al. 1985; Dewey et al. 1986; Barka and
Kandinsky-Cade 1988; Perincßek and Cemen 1990),
while the others claimed that EAFZ ended in a
triple junction formed by Cyprus arc and DSFZ
(M€
uehlberger and Gordon 1987).
The DSFZ is *1000 km long and forms a
tectonic belt extending from the Red Sea in the
south to the DAFZ in the north. It provides a
relative movement that develops northward
between Africa and Arabian plates (Mc Kenzie
1972, 1978; Jackson and McKenzie 1988; Lyb
eris
et al. 1992). It is the main system that forms the
Karasu–Antakya Graben. The fault zone represents a complex structure divided into different
branches in the northern part where the study area
is also located, while showing an evident linearity
in the southern part (Bgure 3).
The Cyprus Arc is a seismically active boundary
that represents the convergence between the African Plate in the south and the Anatolian Bloc in
the north at the Eastern Mediterranean. The
movement of the Anatolian Bloc to the west constituted the Cyprus Broadcast in the south of
Cyprus (Kempler 1994). Mc Kenzie (1972), Kempler and Garfunkel (1991) suggested that the
western segment of the Cyprus arc was mostly
controlled by a compression regime, while the
eastern part was controlled by a left-lateral strikeslip system. Mart and Ryan (2002) argued that the
Cyprus arc was formed under a tension regime
rather than a compression one. Le Pichon and
Angelier (1979) argued that the Cyprus arc continued to the NE and extended to the Bitlis Suture.
The northward movement of the Arabian plate
causes the stresses to increase cumulatively in the
Dead Sea Fault. This creates a very high earthquake risk potential in Antakya and its surroundings. According to GDDA (2019), Antakya and its
surroundings are located in the Brst degree area of
earthquake risk.
In the historical period, many major earthquakes
with intensities nearly X were occurred in and
around Antakya. These earthquakes have resulted
in great loss of life and property. The most severe
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Figure 2. SimpliBed map of the main tectonic units of Turkey and vicinity (Finetti et al. 1988; DeMets et al. 1990; Bogdanov
et al. 1994; McClusky et al. 2000; Gulen et al. 2002).

Figure 3. (a) Map of the DSFZ and the EAFZ (Zilberman et al. 2000; Meghraoui et al. 2003; Westaway 2003). (b) MagniBed
€ ur
€ and Chorowicz 1998; Rojaya et al. 2001;
map of the northern part of the DSFZ (Perincßek and Cßemen 1990, 1992; Yur
Westaway 2003).

172

Page 6 of 14

earthquakes occurred in 245 (Io = X, M = 7.5) and
29 June 1170 (Io = X, M = 7.7). In the IX-intense
earthquake that took place in 526, life loss was
much higher than in others (Downey 1961). The
last two major earthquakes aAecting the region
were the August 13, 1822 M = 7.3 and April 3, 1872
M = 7.2 that caused about 20–30 km long surface
fracture (Ambraseys and Jackson 1998). From this
date on, this region has been relatively quiescence.
It is noteworthy that in the historical period, the
earthquakes that aAected Antakya were concentrated in the Gharb and Karasu segments of the
Dead Sea Fault.
There is no instrumental record that shows an
intensive earthquake occurred in the region. However, a number of moderate earthquakes with 4.5
\M\5.5 were recorded in the region. According to
the data obtained from the earthquake catalogs,
the distribution of the epicenters of all the earthquakes in the region between 01.01.1900 and
31.12.2017 are illustrated in Bgure 4. Among the
earthquakes that occurred in the instrumental
period, the most noteworthy was the Karasu
earthquake in January 22, 1997 (M = 5.5). This
earthquake occurred in the southern part of Karasu
segment and no surface fracture observed.

J. Earth Syst. Sci. (2020)129:172
However, it caused considerable damages on alluvial deposits (Bayulke and Demirtas 1997).
3. Method
The PSHA application for Antakya Province was
performed in four steps. In the Brst step, seismic
sources aAecting the study area have been deBned.
In the second step, the uncertainty of the magnitude of earthquakes in each source has been identiBed by the earthquake recurrence relations. In
the third step, the attenuation relationships used
in determining earthquake ground motions were
selected. In the last step, the peak ground acceleration (PGA) values were found in the probability
of exceeding at a certain time interval and the
results were presented with iso-acceleration maps.
3.1 Determination of seismic sources
One of the most important steps in determining the
earthquake hazard for a region is the identiBcation
of source areas where earthquakes with known time
and spatial distributions have occurred in the past
and of those are supposed to have high seismicity

Figure 4. Distribution map of earthquakes of study area between 01.01.1900 and 31.12.2017 (Mw C 4.0) (Bogazici UniversityKandilli Observatory and Earthquake Research Institute (Boun-Koeri) 2017; International Seismologica Center (ISC) 2017;
RTPMDEMP 2017).
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characteristics in the future. The tectonic features
(fault, rift, etc.), which are potential sources of
seismic activity of a region, play an active role in
the determination of seismic sources. This is done
by using tectonic maps and the epicenter distribution of past earthquakes. The seismic sources
deBned by geological, geophysical and seismological data can be in several different forms, such as
point, line and area. The definition of the geometry
of the seismic sources is necessary in order to
determine the distances to the study area of the
earthquakes that may occur within the speciBed
source in the future. Considering a certain magnitude earthquake occurs in a source, the distance
from the source to the region will determine the
eAect of the earthquake (Kramer 1996).
Gulkan et al. (1993) and Erdik et al. (1999) deBned
seismic source regions of Turkey in their studies and
in many subsequent studies on earthquake hazard in
Turkey have beneBted from these source zones. Due
to its recent and detailed characteristics, the Earthquake Model of the Middle East (EMME 2014) was
preferred when deciding the seismic source model of
the Antakya and surroundings. In order to present
the seismic hazard of Antakya province and its surroundings, total of nine seismic source zones were
deBned in this study (Bgure 5).
Following the identiBcation of seismic sources, it
is essential to know the parameters such as the
time of occurrence of earthquakes occurring in

these sources, epicenter coordinates, magnitude or
intensity, focal depth for seismic hazard analysis.
For this reason, it is necessary to compile an
earthquake catalog including the past earthquake
records. Preparation of catalogs in homogeneous
and speciBc standard is very important to form a
base for regional earthquake hazard maps, determining the intervals of earthquake recurrence for a
region or regional seismic stress analysis.
The earthquake catalog used in this study was
provided from national and international institutions (Boun-Koeri; ISC; RTPMDEMP). However, it
is emphasized that not only the earthquakes that
occur in the study area, but also the earthquakes
that may occur at certain distances will aAect the
study area, in PSHA procedure. Hence, the earthquakes that occurred between 01.01.1900 and
31.12.2017 within the Antakya province and circumference of 100 km, were used in this study. While
the earthquake catalog was creating for the study
area, the data provided by various sources for the
same earthquake were compared with each other. If
the data of all sources are in harmony, the data of the
source with the best solution quality, the highest
station contribution and the newest analysis were
preferred. If the data of the sources are different; the
data of the source that is compatible with this
information in the case of macro-seismic data; if
there is no macro-seismic data, the data of the source
with the up-to-date analysis among the most

Figure 5. DeBned seismic sources for the study area.
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compatible sources were used. In terms of homogeneity and continuity, the moment magnitude
(Mw) was selected as magnitude type in the earthquake catalog. It is assumed that the earthquakes
smaller than 4.0 do not cause damage. Therefore,
485 main shocks with moment magnitudes (Mw C 4)
were selected and used for this study. While the
main shocks were distinguished in this study, it was
assumed that all earthquakes within a certain time
and place distance are considered to be aftershocks
of the main shock for each earthquake magnitude
level. In order for an earthquake to be regarded as
the pre-earthquake, a larger earthquake must be
found within the time and place distance determined
for its magnitude level. In such cases, it was assumed
that the second earthquake with a larger magnitude
is the main shock.
3.2 Determination of seismic hazard parameters
One of the most commonly used probability models
in probabilistic earthquake hazard analysis is the
Poisson model as used in this study. The basic
feature of the model is that the earthquakes in
place and time are regarded as independent from
each other. The possibility of earthquakes for a
certain seismic source in the Poisson model can be
expressed by the following relation:
Pnðt Þ ¼ ekt : ðkt Þn =n!;

ð1Þ

where Pn(t) is possibility of n number event during
the t time, n is number of event and k is number of
earthquake on unit time period (generally 1 yr) in a
studied area.
The earthquake magnitude that the source zone
can produce must be assessed after the seismic
source and characteristics are identiBed. The distribution of earthquake magnitudes within a certain
time interval is deBned as the recurrence law. The
probability distribution of earthquake magnitudes
determines from the recurrence equations showing
the relationship between magnitudes and their
occurrence frequency. These recurrence relations
are usually obtained by applying the least squares
method to the past earthquake data. The empiric
recurrence relation for earthquakes was developed
by Gutenberg and Richter (1944) using data from
Southern California earthquakes as follows:
Log N ðM Þ ¼ a  bM ;

ð2Þ

where a and b are the regression coefBcients and
N is the earthquake numbers (CM) in unit time.

The change in b value from one region to another is
related to the mechanical properties of the regions.
As the value of b increases, the number of big
earthquakes decreases compared to small earthquakes and this indicates the regions with high
heterogeneity with low strength. The time-varying
value b in the same region is related to the change
in stress conditions and can be used to estimate
earthquakes (Wells and Coppersmith 1994). The
regression coefBcients a and b were determined
based on the Poisson model for each seismic zone
deBned in this study (table 1).
3.3 Selection of attenuation relationships
The determination of strong ground motion at a
certain distance is the basis for earthquake hazard
studies in an earthquake of any magnitude. The
magnitude is a valid measure of deBning the extent
of an earthquake, but it is not sufBcient alone to
determine the hazard of an earthquake in a region.
Therefore, it is beneBted from attenuation relationships in the determination of the maximum
ground motion to be created at any point on earth
from any earthquake-induced. In general, attenuation relationships is an experimental estimate of
ground movements (displacement, speed, acceleration, etc.) depending on earthquake magnitude,
the distance of the survey area to the source, the
source characterization and the ground conditions
of the survey area. The maximum ground peak
acceleration (PGA) is one of the most practical
parameter representing the ground motion in seismic hazard studies. In order to be able to estimate
the PGA values using the attenuation relationships, general parameters such as the earthquake
magnitude, earthquake characterization (fault
type), shortest distance between the earthquake
source and target area (R) and natural ground
Table 1. The determined a and b values for each seismic
source zones.
Zones

a value

b value

Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone

4.0304201
4.2468999
5.3534101
4.3644707
4.2698025
2.6614388
3.6879051
4.1110089
4.5418202

–0.9505352
–1.0854725
–1.2002282
–1.055552
–1.015753
–0.8053705
–1.0243218
–1.0421666
–1.0880347

1
2
3
4
5
6
7
8
9
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Figure 6. The PGA distribution map of Antakya Province based on Boore et al. (1997) attenuation relationship (recurring
period of 475 yrs).

conditions of study area are required (Kramer
1996).
The damages caused by earthquakes may show
regional changes. The main reason of this is the differences in local ground properties. The tectonic,
lithological, geomorphologic and hydrogeological
characteristics of a site constitute the local ground
properties of the site. It is clear that the same types of
structures in areas with different local ground features are damaged in different grades in the same
severe earthquake when the acceleration and damage
records of past earthquakes are examined. This suggests that the seismic waves vary according to the soil
characteristics they have passed through. As a result
of this, different damages may occur in buildings
(Gutenberg 1957; Ozgirgin 1997; Biringen 2000;
Safak 2001; Tezcan et al. 2002; Yalcinkaya 2002;
Hasal and Iyisan 2004). Therefore, attenuation relationships that take into account local ground

conditions were preferred during the selection of
appropriate attenuation relationships on the seismic
hazard analysis of the Antakya province in this study.
The selected attenuation relationships to determine the PGA values in the study area are proposed by Boore et al. (1997) and Kalkan and
Gulkan (2004). The Vs value is one of the important dynamic ground parameters that is used in
both attenuation relationships. Normally, the
coefBcients representing the local ground conditions are used depending on their location in the
attenuation relationships. But this requires
detailed and comprehensive in-situ tests in the
study area and this is a separate research topic.
Therefore, the Vs values representing hard rock
(Vs=700 m/s) were used in the attenuation relationships in this study. The selected and used
attenuation relationships for this study are given
below (Kalkan and Gulkan 2004; Boore et al. 1997)
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Figure 7. The PGA distribution map of Antakya Province based on Kalkan and Gulkan (2004) attenuation relationship
(recurring period of 475 yrs).

lnY ¼ b1 þ b2 ðM w 6Þ þ b3 ðM w 6Þ2 þb5 lnr
þ bv lnðV s =V A Þ
r¼

qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
rjb 2 þ h 2 ;

ð3Þ

ð4Þ

where Y is the PGA value in g; b is the coefBcient
by fault type, Mw is magnitude type; rjb is the
closest horizontal distance between the station and
a point (km); Vs is the average shear wave velocity
to 30.0 m (m/s).
3.4 Predicted PGA values for the Antakya
province
The PGA values corresponding to the 475-year
recurrence period for the Antakya province were
calculated using the attenuation relationships proposed by Boore et al. (1997) and Kalkan and Gulkan

(2004) in the last stage of this study. The CRISIS2007
(Ordaz et al. 2007) software was used to obtain the
PGA values. The results were presented with iso-acceleration maps. The distribution of determined PGA
values in the study area (10% probability of exceedance in 50–475 yrs return period) are shown on
Bgures 6 and 7, respectively, for selected attenuation
relationships. The calculated PGA values for the
study area are between 0.32 and 0.54 for Boore et al.
(1997) and 0.36–0.57 for Kalkan and Gulkan (2004).
The largest PGA values (0.54 and 0.57) are calculated
at the north of Kırıkhan District in the study area.

4. Discussion and conclusions
In this study, it was aimed to determine the seismic
hazard of Antakya province with probabilistic
approach based on the Poisson model. In this
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context, the earthquake records represented by
moment magnitudes (Mw C 4) between 1 January
1900 and 31 December 2017 were used. The distribution of the PGA values in the study area were
calculated for the recurring period of 475 yrs by the
attenuation relationships suggested from Boore
et al. (1997) and Kalkan and Gulkan (2004). The
calculated PGA values in the study area are
between 0.32 and 0.57 g for both selected attenuation relationships as seen on iso-acceleration maps
(Bgures 6 and 7).
The Antakya–Kahramanmaras Graben, where
Antakya province and its immediate surroundings
are located in, is an area, where different tectonic
structures coexist and tectonic activity is very
intense. The graben area is aAected by the Dead
Sea and Eastern Anatolian Faults and Cyprus Arc,
which continue its activity and the Antakya province is also aAected by the Dead Sea Fault, which
forms the south of the graben. For this reason,
Antakya province has a very high seismic risk. The
earthquakes that took place during the historical
and instrumental periods prove this seismic risk.
Many earthquakes with devastating eAects were
occurred in and around Antakya province in the
historical period. The last two major historical
earthquakes aAecting the region are the 1822
(Ms=7.3) and 1872 (Ms=7.2) earthquakes. During
the instrumental period, many earthquakes were
occurred in Antakya province and its vicinity as
medium and small magnitude. The most notable of
these is the earthquake (M=5.5) that took place in
the south of the Karasu segment on 22 January
1997. Considering the geological location of Antakya province and the fact that there is no earthquake that drains the tension that has accumulated
in the region since about 150 yrs, the occurrence
risk of major earthquakes increases in every
passing time in the study area.
The tectonic regime seen in Antakya and its
immediate vicinity has caused different ground
properties to appear in a short distance. The river
sediments and the Bll areas along the river are
characterized by the soft soils. The Quaternary
aged alluvium is most found in Antakya center,
Kırıkhan and Samandag districts. The calculated
largest PGA values according to the both attenuation relationships in the study area are coincided
with these areas. The calculated largest PGA values according to the Boore et al. (1997) and Kalkan
and Gulkan (2004) are found as 0.54 and 0.57,
respectively, in the north of the Kırıkhan district.
These areas will be most aAected from the possible

major earthquakes due to the probable problems
such as soil ampliBcation and liquefaction.
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