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Abstract

The earthquake hazard parameters of a and b
of Gutenberg-Richter relationships, return periods,
expected maximum magnitudes in the next 100 years and
probabilities for the earthquakes for certain magnitude
values are computed using the earthquakes occurred
between 1900 and 2014 years in and around Agri. The
relation of LogN=4.73-0.68M is calculated for the studied
area. The mapping of b values show that the regions in
the east and southeast of Agri, east of Horasan and around
Patnos where low b values are computed have high stress
levels and capacity to generate large earthquakes in the
future. It is found that earthquakes larger than 5.5 may
be occurred in the regions where b values lower than
0.8 have been observed in the next 100 years. The return
periods for magnitudes between 5.0 and 7.3 are estimated
between 5 and 176 years in the studied area, respectively.
The probabilities of an earthquake with M=6.0, 6.5 and
7.0 in the next 100 years are computed 99%, 86% and
59%, respectively. The largest earthquake occurred in the
studied area is 7.3 and its occurrence probability is 43% in
the next 100 years. The faults around Agr1 are seismically
active and have potential for an earthquake larger than 6.0.
Since the sediment basin of Agr1 is very young and alluvial
layer is tick, there is very high hazard on the buildings and
human’s life in Agr1.

Keywords: b values, return period, expexted maxium,
magnitude, Agr1, Eastern Anatolia.

1. Introduction

The region in and around Agr1 (42.0-44.2 °E and 39.0-
40.5 °N) covers seismically tectonic features such as Agri
Fault, Bulanik Fault, Caldiran Fault, Ercis Fault, Horasan
Fault, Cobandede Fault Zone, Igdir Fault, Malazgirt
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Fault, Balikligolii Fault Zone, Kagizman Fault Zone,
Dogubayazit Fault Zone, Karayaz1 Fault and Tutak Fault
Zone. Since these faults produce some large earthquakes
(04 April 1903 Malazgirt (M=6.3), 13 September 1924
Pasinler (M=6.8), 24 November 1976 Caldiran (M=7.3)
and 30 October 1983 Horasan—Narman (M=6.8) during
instrumental earthquake time period, it is very important to
reveal earthquake hazard and risk in the area (BOZKURT
2001).

Many quantitative methods have been applied over
the years to estimate seismicity in various regions of the
world. Several local and regional seismic hazard studies
(ASLAN 1972; BATH 1979; YARAR et al. 1980; ERDIK
etal. 1999; KAYABALI and AKIN 2003; BAYRAK et al.
2005; 2009) have been performed in order to estimate the
seismic hazard in Turkey using the statistical processing of
instrumental earthquake data.

The most popular method used is the frequency-
magnitude relationship of Gutenberg-Richter (G-R).
A large number of studies on a and b parameters of G-
R relationship have been presented since Gutenberg
and Richter introduced their law about the earthquake
magnitudes distribution. The different methods such as
least square (LS) or maximum likelihood estimation (MLE)
can be applied to compute these parameters which are
very important in earthquake hazards and risk studies. The
different hazard parameters such as the mean return period
for an earthquake occurrence, the most probable maximum
magnitude of earthquakes in a certain time interval and the
probabilities for the large earthquakes occurrences during
certain times using the parameters of G-R relationships.
BAYRAK et al. (2015) applied this method to the different
regions of the East Anatolian Fault.

Aim of this study is to evaluate the earthquake hazard
in and around Agri in terms of different hazard parameters.
For this purpose, the mean return period, expected
maximum magnitude of earthquakes in the next 100 years
and the probabilities for the large earthquakes occurrences
in the next 25, 50 and 100 years are computed from the
parameters of G-R relationships using MLE.
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2. Data

The database used was compiled from different sources
and catalogs such as Turkey National Telemetric Seismic
Network (TURKNET), Incorporated Research Institutions
for Seismology (IRIS), the International Seismological
Centre (ISC) and The Scientific and Technological
Research Council of Turkey (TUBITAK) and is provided
in different magnitude scales. The catalogs include
different magnitudes scales (M, body wave magnitude, M,
surface wave magnitude, M, local magnitude, M, duration
magnitude and M, moment magnitude), the origin time
epicenter and depth information of earthquakes.

An earthquake data set used in seismicity or seismic
hazard studies must certainly be homogenous, in other
words, it is necessary to use the same magnitude scale.
However, the earthquake data obtained from different
catalogs have been reported in different magnitude scales.
Therefore, all earthquakes must be defined in the same
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magnitude scale. BAYRAK et al. (2009) developed some
relationships among different magnitude scales (M, body
wave magnitude, M surface wave magnitude, M, local
magnitude, M, duration magnitude and M, moment
magnitude) in order to prepare a homogenous earthquake
catalog from different data sets.

We prepared a homogenous earthquake data catalog
for M_magnitude using relationships and have considered
only instrumental part of the earthquake catalogue (1900-
2014). Finally, the catalog includes 1569 earthquakes with
M _=1.1. The graphs of magnitude-earthquake number and
years-cumulative earthquake number are shown in Figure
1. The recorded earthquake numbers have increased after
1976 depending on installed seismograph stations in
the studied area. Also, a large amount of magnitude of
recorded earthquakes are lower than 4.0 and the size of
nine earthquakes are larger than 6.0.
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Figure 1. The graphs of, a) Earthquake number versus magnitude and b) cumulative number versus time for earthquakes in and around

3. Tectonics and Seismicity

The neotectonic evolution of the eastern Anatolian
region has been dominated by the collision of the
Arabian plates with the Eurasian plate along the Bitlis-
Zagros suture zone (Figure 2). The eastern Anatolian
contractional province including the eastern Anatolian
high plateau and the Bitlis-Potiirge thrust zone consists of
an amalgamation of fragments of oceanic and continental
crusts that squeezed and shortened between the Arabian
and Eurasian plates. This collisional and contractional zone
is being accompanied by the tectonic escape of most of the
Anatolian plate to the west by major strike-slip faulting on
the right-lateral north Anatolian transform fault zone and
left-lateral east Anatolian transform fault zone which meet
at Karliova (ELITOK and DONMEZ 2011).

Depending on a N-S compressional tectonic regime,
intra-plate deformation is dominant in the eastern
Anatolian. Conjugate strike-slip faults of dextral and

Agn

sinistral character paralleling to North and East Anatolian
fault zones are the dominant structural elements of the
region. Some of these structures include Agr1 Fault (AF),
Bulanik Fault (BF), Caldiran Fault (CF), Ercis Fault (EF),
Horasan Fault (HF), Cobandede Fault Zone (CFZ), Igdir
Fault (IF), Malazgirt Fault (MF), Balikligoli Fault Zone
(BFZ), Kagizman Fault Zone (KFZ), Dogubayazit Fault
Zone (DFZ), Karayazi Fault (KYFZ) and Tutak Fault Zone
(TFZ), in the studied area shown by rectangular area in
Figure 1. Many pull-apart basins have developed along
these structures (e.g., Erzurum and Agr1 basins). Although
the conjugate strike-slip fault system dominate the active
tectonics of eastern Anatolia, the E-W trending basins of
compressional origin form the most spectacular structures
of the region as they indicate the N—S convergence and
shortening of the Anatolian plateau. Mus, Lake Van and
Pasinler basins form the best examples of ramp basins in
the region (BOZKURT 2001).
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Figure 2. The tectonics in and around Agr1. The rectangle shows the study area. Agr1 Fault (AF), Bulanik Fault (BF), Caldiran Fault
(CF), Ercis Fault (EF), Horasan Fault (HF), Cobandede Fault Zone (CFZ), Igdir Fault (IF), Malazgirt Fault (MF), Baliklig6li Fault
Zone (BFZ), Kagizman Fault Zone (KFZ), Dogubayazit Fault Zone, Karayazi Fault (KYFZ) and Tutak Fault Zone (TFZ) (BOZKURT,
2001).

The epicenter distribution of earthquakes larger than
M=3.0 is shown in Figure 3. The faults in the studied
area are seismically active and form the source for many
earthquakes. The largest earthquakes, listed in Table 1,

occurred in the region are 04 April 1903 Malazgirt (M=6.3),
13 September 1924 Pasinler (M=6.8), 24 November 1976
Caldiran (M=7.3) and 30 October 1983 Horasan—Narman
(M=6.8) (BOZKURT 2001).
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Figure 3. The epicenter distribution of earthquakes occurred in around Agri.
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Table 1. The large earhquakes occurred in and around Agr1.

Date Magnitude (M) Location
28 04 1903 6.30 Malazgirt (42.50°E, 39.10°N)
1309 1924 6.80 Pasinler (42.00°E, 40.00°N)
01 05 1935 6.00 Kars-Digor (43.22°E, 40.09°N)
1504 1960 6.00 Horasan-Narman (42.00°E, 40.50°N)
24 11 1976 7.30 Caldiran-Muradiye (44.20°E, 39.10°N)
30 10 1983 6.80 Horasan (42.18°E, 40.35°N)

4. Methods

The empirical relationship, known as G-R law, between
the frequencies of earthquake occurrences and magnitudes
can be expressed in the following formula:

LogN = a— bM ey

where N is the cumulative number of earthquakes with a
magnitude of M and greater, a and b are constants. b is
the slope of the frequency—magnitude distribution, and
a is the activity level of seismicity. GUTENBERG and
RICHTER (1944) firstly estimated the constants known as
seismicity parameters. The parameter a exhibits significant
variations from region to region as it depends on the level
of seismic activity, the period of observation and the length
of the considered area as well as the size of earthquakes.
The b value for a region not only reflects the relative
proportion of the number of large and small earthquakes
in the region, but is also related to the stress conditions
over the region. Many factors can cause perturbation of
the normal b value. On average, the b value is near unity
for most seismically active regions on the Earth (e.g.
FROHLICH and DAVIS 1993). In a tectonically active
region, the b value is normally close to 1.0 but varies
between 0.5 and 1.5 (PACHECO et al. 1992; WIEMER
and WYSS 1997). However, a detailed mapping of b value
often reveals significant deviations. The spatial variations
of b values are related to the distribution of stress and
strain (MOGI 1967; SCHOLZ 1968). In addition, some
researchers link the b-value with the parameters of the
rupture process. An example is SCHORLEMMER et al.
(2005), who showed that the b-value is dependent on the
faulting style. As pointed out by AMITRINO (2012), in
laboratory experiments with brittle rocks, the b-value
depends on the mechanical loading, which is the type of
faulting, the confining pressure, or the roughness of the
fault sliding surfaces. These observations agree with the
dependence of the b-value on friction and/or mean stress.
The distinction between these two factors remains difficult
because they are correlated, as friction decreases when
the confining pressure increases (GOEBEL et al. 2012).
On the other hand, high b values are reported from areas
of increased geological complexity (LOPEZ et al. 1995),
indicating the importance of a multifracture area. Increased

material heterogeneity or crack density results in high b
values (MOGI 1962). Thus, a low b value is related to a
low degree of heterogeneity, large stress and strain, large
velocity of deformation and large faults (MANAKOU and
TSAPANOS 2000).

b values were first estimated by GUTENBERG and
RICHTER (1944) for various regions of the world. They
suggested that b values range from 0.45-1.50, while
MIYAMURA (1962) found that b values change from
0.40-1.80 according to the geological age of the tectonic
area. Global seismicity has been studied by several authors,
and it has been found that b values vary between 1.0 and
1.6 (MOGI, 1962), 0.8-1.2 (McNALLY 1989), 0.6-1.5
(UDIAS and MEZCUA 1997) and 0.53-1.19 (BAYRAK
et al. 2002). The b value for any region can be computed
using several methods such as linear least squares
regression or by MLE which is the most robust and widely
accepted method in which the b value is calculated using

the formula (AKI 1965);
logige 0,4343

M_Mmm JW_i"’fz'rui?‘u

@

Where #f is the average magnitude, and M, is the
minimum value of the magnitude presenting the data. In
order to evaluate these parameters, we used to ZMAP 6
software package (WIEMER 2001).

The parameter at depends on the seismicity of the area,
on the time interval for which we have reported events and
also on the surface area S outlined by the epicenters. For
seismicity study purposes usually at is expressed in one
year by the equation:

a, =a—logt (3)

where ¢ is the whole time period covered by the data set.

The expected time interval for the occurrence of an
earthquake with a magnitude greater than or equal to M is
defined as the mean return periods 7', and is given by:

_ 10PM @
™ 10%1

This quantity is adopted as a measurement of seismicity.
The most probable maximum magnitude of earthquakes in

a time period of ¢ years:
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aq+logt
b

M, = (5)
The probability P, for an earthquake occurrence with
magnitude = M during the time span of ¢ years:

P, = 1— exp(—10%~5¥¢) (6)

In this paper, we aimed to make a quantitative appraisal
of earthquake hazard parameters in and around Agri.
Particularly the analysis of the expected time interval
for the occurrence of an earthquake, the most probable
maximum magnitude of earthquakes in a given time
period and the probability of an earthquake occurrence
supply information on the earthquake hazard. We used a
M magnitude scale in these equations since our catalogue
is uniform of M..

5. Discussion and Conclusions

We used 1569 earthquakes occurred between 1900-
2014 years in the region of 42.0-44.2 °E and 39.0-40.5
°N in order to evaluate earthquake hazard parameters in
and around Agri. For this purpose, a and b parameters

of G-R relationships, return periods, expected maximum
magnitudes in the next 100 years and probabilities for the
earthquakes for certain magnitude values are computed.

In this study, b value is calculated using ZMAP 6
software (WIEMER 2001). In particular, the b value was
obtained by MLE estimation, using Equation (2). An
estimation of standard deviation (db) in b value can be
obtained using the equation derived by AKI (1965) and
modified by SHI and BOLT (1982):

s = 23p2 [P
| nin—1)

where, n is the sample size.

(N

The cut-off magnitude (M) for the studied area shown
in Figure 3 was estimated to be equal to 2.7 + 018 with
90% goodness of fit level (Figure 4). The a and b values
for this sequence shown in Figure 4 were estimated to be
equal to 4.73 + 0.22 and 0.68 + 0.04, respectively with
90% goodness of fit level. The b value is lower than the
global mean value of 1.0, which indicates that the data
consists of larger earthquakes and high differential crustal
stress in the region (WIEMER and KATSUMATA 1999;
WIEMER and WYSS 2002).

LogN=4.73-0.68M
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Figure 4. The relationship of Gutenberg- Richter for the earthquakes occurred in around Agrr.

Spatial mapping of b values provides detailed
information about seismotectonic situation in the studied
area. For this purpose, data are projected onto a plane to
visualize values of b as a function of space. The mapping
of b values is performed in a 0.1° x 0.1° grid, selecting
the nearest 50 events in each node and 25 events of the
minimum number. The estimated b value varies from 0.4
to 1.55 as seen from Figure 5. The b values lower than 0.8
are related to the area with high-stress regions including
IF, DBFZ, BFZ, CF, EF and HF. b values between 0.8 and

1.0 are found in the region covering TF and KYFZ. It is
observed b values larger than 1.0 in the west, northwest and
southwest of Agr1. It reveals that this region is associated
with highly heterogeneous and fractured rock matrix that
may be associated with fluids or viscous materials with
fluids into the fractured rock matrix (SINGH et al. 2012a,
b). The regions in the east and southeast of Agri, east of
Horasan and around Patnos are related to b values lower
than 0.8. It can be concluded that these regions have high
stress levels and capacity to occur large earthquakes in the
future time.
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Figure 5. The spatial distribution of b values computed from Gutenberg-Richter relationships for the earthquakes occurred in around

Spatial mapping of M, values which computed by
Equation 5 is shown in Figure 6. M, is the most probable
maximum magnitude of earthquakes in a time period of
next 100 years. The mapping of M, values is performed
ina0.1° x 0.1° grid interval. The computed values change
between 3.6 and 7.0 as shown in Figure 6. The values larger
than 6.0 are computed in the IF, DBFZ, CF, HF and CFZ
which produce large earthquakes as shown in Figure 2. The
earthquake hazard level in the regions of Dogubeyazit-1gdir,
Horasan-Pasinler and Caldiran-Muradiye is very high and
there is a probability to occur an earthquake larger than

Latitude (Degrees)
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Agr1.

6.0 in this region in the next 100 years. The magnitudes
of expected earthquakes in the region between Agri and
Horasan are lower than 5.0. The results show that there is
an earthquake hazard about 5.5 around Patnos. The results
show that the earthquakes larger than 5.5 may be occurred
in the regions of the east and southeast of Agri, Horasan-
Pasinler and around Patnos where b values lower than 0.8
have been observed (Figure 5), It can be concluded that
these regions have high stress levels and capacity to occur

large earthquakes in the next 100 years.
M100

432 434 436 438 a4 442

Longitude (Degrees)

Figure 6. The spatial distribution of M, |

values (expected maximum earthquake in the next 100 years) computed from Gutenberg-

Richter relationships for the earthquakes occurred in around Agri.
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Earthquake recurrence times (return periods, 7))
computed from equation 4 and the probability of occurrence
computed from equation 6 using the parameters of G-R
relationship for the earthquakes larger a certain magnitude
value during a given time span are listed in Table 2. Also,
earthquake hazard curves expressed in terms of the return
period and probabilities of earthquakes are shown in Figures
7 and 8. The mean return periods estimated for the studied
area change between 5 and 176 years for magnitudes of
5.0-7.3 as listed in Table 2 and shown in Figure 7. For
example, an earthquake equal to 6.0 which could cause
damage to buildings and lost human may be occurred every
23 years. This is very high seismic risk value and we can
conclude that the studied area very dangerous. Earthquake
hazard curves expressed by the probability expected for
earthquakes with the maximum observed magnitudes and
plotted for magnitudes (and during the time span of 25, 50
and 100) are shown in Figure 8. The probabilities of an
earthquake with M=6.0, 6.5 and 7.0 in the next 100 years
are 99%, 86% and 59%, respectively. The magnitude of
the largest earthquake occurred in the studied area is equal
to 7.3 and the probability of it in the next 100 years is
43%.

180

An Evaluation of Earthquake Hazard Parameters in and Around Agr1,
Eastern Anatolia, Turkey

Table 2. The large earhquake risk values for next 25,
50 and 100 years.

Earthquake Risk (%)
M Years Re.zturn
s Period(T,)
25 50 100

5.0 0.99 1.00 1.00 5
5.1 0.99 1.00 1.00 6
5.2 0.98 1.00 1.00 7
5.3 0.96 1.00 1.00 8
5.4 0.93 1.00 1.00 9
5.5 0.9 0.99 1.00 11
5.6 0.86 0.98 1.00 13
5.7 0.82 0.97 1.00 15
5.8 0.77 0.95 1.00 17
5.9 0.71 0.92 0.99 20
6.0 0.66 0.88 0.99 23
6.1 0.6 0.84 0.97 27
6.2 0.54 0.79 0.96 32
6.3 0.49 0.74 0.93 37
6.4 0.44 0.68 0.9 44
6.5 0.39 0.63 0.86 51
6.6 0.34 0.57 0.81 59
6.7 0.3 0.51 0.76 69
6.8 0.27 0.46 0.71 81
6.9 0.23 0.41 0.65 95
7.0 0.2 0.36 0.59 111
7.1 0.18 0.32 0.54 129
7.2 0.15 0.28 0.48 151
7.3 0.13 0.25 0.43 176
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Figure 7. The return periods of earthquakes in around Agri.
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Figure 8. The probabilities for earthquakes for next 25, 50 and 100 years in around Agr1.

There is not any risk to occur earthquake larger than
5.0 in the center of Agr1 according to spatial distribution of
b and M, , shown in Figures 6 and 7 in the next 100 years.
But, Agri is surrounded by active faults and probability
of earthquakes greater than 6.0 in these faults is very
high. There is a liquefaction risk in Agr1 due to a young
sediment basin and alluvial layer is tick. We can concluded
that there is very high hazard on the buildings and human’s
life considering liquefaction associated with an earthquake
might occur and this alluvium layer grows up to ten times
the earthquake waves (SEMBLAT et al. 2005).

6. Results

The earthquake hazard parameters in and around Agri
was evaluated for time interval of 1900-2014 years. For
this purpose, @ and b parameters of G-R relationships,
return periods, expected maximum magnitudes in the
next 100 years and probabilities for the earthquakes for
certain magnitude values are computed. a and b values for
this time period were estimated to be equal to 4.73 and
0.68, respectively. This b value shows that that the data
consists of larger earthquakes and high differential crustal
stress in the region. The regions in the east and southeast
of Agri, east of Horasan and around Patnos have high
stress levels and capacity to occur large earthquakes in
the future time according to the mapping of b values. It
is found that earthquakes larger than 5.5 may be occurred
in the regions where b values lower than 0.8 have been
observed in the next 100 years. The return periods in the

studied area are estimated between 5 and 176 years for
magnitudes of 5.0-7.3. The probabilities of an earthquake
with M=6.0, 6.5 and 7.0 in the next 100 years are computed
99%, 86% and 59%, respectively. The probability of the
largest earthquake occurred in the studied area is 43% in
the next 100 years. The faults around Agr1 are seismically
active and have potential to an earthquake larger than 6.0.
Since the sediment basin of Agr1 is very young and alluvial
layer is tick, there is very high hazard on the buildings and
human’s life in Agri.
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