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Abstract

In this study, a region-time analysis of seismicity in the East Anatolian part of Turkey is carried out by
considering the recent changes in seismotectonic b-value, fractal dimension Dc-value, seismic
quiescence Z-value, annual probability and recurrence time of earthquakes. Magnitude completeness is
computed as 2.8 and b-value is estimated as 1.12%0.07. This b-value of East Anatolian earthquakes is
well represented by the Gutenberg-Richter law. Dc-value is calculated as 1.87£0.03 and this high Dc-
value indicates that seismicity in the East Anatolian region is more clustered at larger scales or in smaller
areas. Recurrence times of earthquake occurrences show that East Anatolian region has a noticeable
seismic hazard for the possibility of strong earthquake occurrences. Some clear anomaly areas of low b-
value and high Z-value are observed at the beginning of 2018. It is clear that there is an important
earthquake potential in the East Anatolian part of Turkey in the intermediate-term.
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1. Introduction

An important tool for the seismicity based studies is to make a space-time assessment of earthquake
activity and many seismotectonic parameters have been used in order to achieve a quantitative
regional and temporal seismicity assessment by different authors for different parts of the world
[1,2,3,4,5,6,7, 8, 9]. In this study, the most frequently used seismic parameters are considered
in order to analyze the general statistical characteristics of earthquake activity in the East Anatolian
part of Turkey. These parameters can be given as (i) regional, temporal and magnitude distribution
of earthquake activity, (ii) completeness magnitude, Mc-value, which defines the minimum
magnitude of complete reporting, (iii) b-value, which describes the power-law distribution of
earthquakes, (iv) Dc-value, which implies the number of objects greater than a specified size has a
power law dependence on the size, (v) standard normal deviate Z-value, which is one of the most
frequently used variable in the assessment of precursory seismic quiescence before an earthquake
occurrence and (vi) annual probabilities and recurrence times for different magnitude levels.

The magnitude-frequency distribution is one of the most frequently used as the power-law
distribution of earthquakes and is known as the b-value of Gutenberg-Richter [10] relationship.
Analyzing the variations of b-value may give some useful statistics between the frequency of
earthquakes, seismic moment or energy. The b-value reflects the relative numbers of both large
and small earthquakes and, is related to the properties of the seismotectonic structures and stress
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distributions in time and space. When b-value shows a decrease for a given region, one can make
an assessment that there is a possibility of an earthquake occurrence. Fractal properties characterize
the evolution of earthquake system to a self-organized critical state. It is well known that
tectonically and seismically active regions exhibit a fractal correlation or scale invariant between
earthquakes both spatially and temporarily [11]. Some structural, geological, or mechanical
changes in heterogeneity can be described by using fractal dimension (Dc-value) and can also
define the heterogeneity of seismicity in an active fault system. Thus, an assessment of the
relationship between fractal properties of complex seismotectonic variables may determine the
earthquake hazard and risk analyses in a specific region. In addition to these variables, the
evaluation of the seismicity rate changes by considering the precursory seismic quiescence may
supply important results. A definition of seismic quiescence phenomenon was made in the
following way [12]: “The seismic quiescence means that a significant decrease in the average
seismic activity rate as compared to declustered background activity rate in the same crustal
volume may be observed before the occurrences of some main shocks. This decrease in seismic
activity may occur within part, or all of the source volume of the subsequent main shock. Also, this
decreasing trend may continue to the main shock time, or may be separated from it by a relatively
short period of increasing trend in seismic activity”. Thus, the mapping of precursory seismic
quiescence can supply evidence to earthquake forecasting and a statistical assessment for detecting
the next quiescence period in real time for a given region can be achieved.

There are few studies generally considering the regional and temporal variations of seismotectonic
b-value, seismic quiescence Z-value, and some other statistical parameters for the analysis of
earthquake behaviors, and their possible usage as precursors for the East Anatolian region part of
Turkey. For this reason, seismic and tectonic assessments of temporal changes in b, Dc and Z-
values, annual probability and recurrence time of the earthquakes are analyzed in this study with
recent earthquake data and it is presented some important results for the future earthquake potential
in the East Anatolian region. ZMAP analysis software [13] was used for statistical analyses and for
all histograms of regional, temporal and magnitude distribution in this part of Turkey.

2. Main Tectonic Environments in the East Anatolian Region and Earthquake Database

The East Anatolian part is well-known to be one of the most seismically and tectonically active
regions in Turkey. Since many strong and destructive earthquakes have occurred in the past and
recent years, these types of detailed studies for the assessment of earthquake potential have become
more and more important. Major earthquake activity of the East Anatolia during the 20 century
can be given with a series of destructive earthquakes in December 26, 1939 in Erzincan (M8§.0),
August 17, 1949 in Elmalidere-Bingol (M7.1), March 13, 1992 in Erzincan (M6.8), January 27,
2003 in Tunceli (M6.1), May 1, 2003 in Bingdl (M6.4), August 11, 2004 in Elaz1g (M5.7), January
25, 2005 in Hakkari (M5.9), March 12, and 14, 2005 in Bingdl (M5.7 and M5.9), March 8, 2010 in
Elaz1g (M6.0), September 22, 2011 in Erzincan (M35.5) and October 23, 2011 in Lake Van (M7.2).

Active fault structures in this part of Turkey are tectonically very complex. The fundamental
tectonic zones in the East Anatolian part can be given as the East Anatolian Fault Zone (EAFZ),
the Bitlis Thrust Zone (BTZ), the Karliova Triple Junction (KTJ) and the Dead Sea Fault Zone
(DSFZ). The EAFZ is a transform fault and, the parts of the boundaries between the Anatolian and
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the Eurasian plates and, between the Arabian and African plates give its shape [14]. The length of
this zone is about 550 km and it is a sinistral strike-slip fault zone. The EAFZ is considered to be
a conjugate structure to the North Anatolian Fault Zone (NAFZ). The DSFZ is a sinistral intraplate
strike-slip fault zone, approximately north-south direction. This zone separates the Arabian Plate
to the east and the African Plate to the west. It has approximately 1000 km long and is considered
as a plate boundary of transform type [15]. The African plate moves northward slower than the
Arabian Plate and the DSFZ takes up this different movement between these plates. Thus, the
DSFZ and EAFZ meet in a triple junction among the Anatolian, African and Arabian plates. The
BZTZ has a complex boundary including continent-continent and continent-ocean collisions. A
collision takes place between the Eurasian and Arabian plates along the BZTZ and this conflict
comes to end an uplift of mountains along the suture zone. BZTZ reaches to the north of fold-and-
thrust belt of the Arabian platform and it extends from southeastern Turkey to the Zagros
Mountains in Iran [15]. There is a dominant north-south compressional tectonic system in the area
to the east of the KTJ. This zone is described with two combined sinistral strike-slip faults and
dextral character which is parallel to the NAFZ and EAFZ [16]. Simplified tectonic environments
of the East Anatolian region are modified from different authors such as Bozkurt [16], Saroglu et
al. [17] and Ulusay et al. [18], and given in Figure 1a.

The earthquake catalogue is taken from Bogazici University, Kandilli Observatory and Earthquake
Research Institute (KOERI) and, is between April 21, 1970 and December 31, 2017. This catalogue
has a time interval of 47.70 years and is homogeneous for duration magnitude, M. It consists of
44,359 shallow earthquakes with magnitudes between Ms=1.0 and Ms=6.6. Shallow earthquakes
less than 70 km were selected for the analyses because seismic hazard is related to the crustal
events. Epicenter distributions of the earthquakes were shown in Figure 1b.
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Figure 1. a) Main tectonic environments in the East Anatolian part of Turkey. Names of the faults: NEAFZ: North
East Anatolian Fault Zone, CFZ: Cobandede Fault Zone, AKF: Askale fault, EZF: Erzurum fault, KF: Kagizman
fault, AF: Agn fault, IF: Igdir fault, DFZ: Dogubeyazit Fault Zone, BFZ: Balikligolii Fault Zone, CF: Caldiran fault,
ERF: Ercis fault, HTF: Hasan-Timur fault, BF: Bagkale fault, YSFZ: Yiiksekova-Semdinli Fault Zone, SF: Siiphan
fault, MF: Malazgirt fault, SUFZ: Sancak-Uzunpinar Fault Zone, GFZ: Goyniik Fault Zone, PF: Piilimiir fault, KKF:
Karakocan Fault Zone, GF: Geng Fault, MTZ: Mus Thrust Zone, KBF: Kavakbasi fault, KEZ: Karacadag Extension
Zone, BZF: Bozova fault, SRF: Siirgii fault, CAFZ: Central Anatolian Fault Zone, MLF: Malatya fault, OF: Ovacik
fault. b) Epicenters of 44,359 shallow earthquakes (depth < 70 km) with M3>1.0 and strong events with M¢>5.0
between 1970 and 2018.
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3. Method

In this study, the most frequently used seismotectonic parameters, such as the b-value, Dc-value,
Z-value, annual probability and recurrence times of the earthquakes are considered in terms of
space-time analysis of seismicity in the East Anatolian part of Turkey.

3.1. Gutenberg-Richter Relation (b-value) and Magnitude Completeness (Mc-value)

The frequency-magnitude relation of earthquakes was described by Gutenberg-Richter [10]. This
power-law distribution of earthquakes is given as:

log,, N(M)=a—-bM (1)

where N(M) is the expected number of earthquakes with magnitudes greater than or equal to M, b-
value is the slope of the frequency-magnitude distribution, and a-value is proportional to the
earthquake activity rate. a-value varies from region to region. These changes depend on the
observation period, length of the study region and also size of the events. As stated in Utsu [19],
b-value changes roughly between 0.3 and 2.0, depending on the different regions. However, the
changes in b-value can be caused by several factors such as the number of small and large events,
geological complexity and degree of heterogeneity of cracked medium, strain and stress condition
in the region, and the regional scale of average b-value for tectonic earthquakes is approximately
equal to 1.0 [20].

Magnitude completeness, Mc, is one of the most important parameter in seismicity studies,
especially in investigation of frequency-magnitude relation. The maximum number of events is
necessary for the high quality and reliable results. The power-law distribution of Gutenberg-Richter
against magnitude is used in order to estimate Mc-value and the variation in Mc-value is calculated
with a moving time window approach [21]. If Mc changes systematically as a function of time and
space, temporal variations of Mc can cause potential wrong value of seismicity parameters,
especially in b-value.

3.2. Fractal Dimension (Dc-value)

Earthquake distributions are considered fractal. Fractal dimension is a real number and is often
used to evaluate the clustering properties and size scaling attributes of seismotectonic parameters.
Regional and temporal patterns of earthquake occurrence are demonstrated to be fractal using the
two-point correlation dimension, Dc-value. Fractal dimension analysis is a powerful tool for
quantifying the self-similarity of a geometrical object.

Fractal dimension Dc and the correlation sum C(7) was defined as in the following equations [22]:

Dc = ling[log C(r)/logr] )

C(r)=2N,., /N(N -1) 3)

R<r
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where C(r) is the correlation function,  is the distance between two epicenters and N is the number
of earthquakes pairs separated by a distance R<r. If the epicenter distribution has a fractal structure,
following relation is obtained:

C(ry~r" 4)

where Dc is a fractal dimension, more strictly, the correlation dimension. The distance r (in
degrees) between two earthquakes is calculated from:

r=cos”' (cos 6, cosf; +sind, sinb, cos(¢l. -9, )) ®)

where (4, 4) and (8, 4) are the latitudes and longitudes of the i" and j events, respectively [1]. By
plotting C(r) against  on a double logarithmic coordinate, Dc is practically obtained from the slop
of the graph.

Fractal dimension characterizes the nature of spatial and temporal properties of the earthquakes
and is calculated to evaluate the possible unbroken sites which have been mentioned as seismic
gaps that may be broken in the next [5]. That means that the fluctuations in fractal properties
principally depend on the complexity or quantitative measure of the degree of heterogeneity of
seismic activity in the fault systems. Larger Dc-value associated with smaller b-value is the
dominant structural feature in the areas of increased complexity in the active fault system and it
may be resulted from clusters. So, this property may be an indication of stress changes on fault
planes of smaller surface area [1, 11].

3.3. Standard Normal Deviate (Z-value)

The phenomenon of precursory seismic quiescence was originally proposed by Wyss and
Habermann [12]. Wiemer and Wyss [2] introduced a methodology that can be performed in ZMAP
software and the recognizing of the seismic quiescence for different parts of the world has been
reported in many papers. A continuous image of rate changes in the earthquake activity and plotting
the areas showing seismic quiescence in space and time can be provided by ZMAP by plotting in
geographical coordinates. This software package is a tool for investigation of seismic quiescence
and artificial seismic rate changes. The standard normal deviate Z-test is one of the most common
technique generally used for detecting of precursory seismic quiescence. In this study, Z-test is
applied to detect the anomaly regions of precursory quiescence and Log Term Average (LTA)
function is generated for the statistical assessment of confidence level in standard deviation units:

Z=(R,-R,)/ \/(szz I N+ (Sv2vl /'N,,) (6)

Where Ran is the mean rate in the overall background period, Rwi is the average earthquake activity
rate in the foreground window, Sai and Swi are the standard deviations in these periods, and Nai and
Ny are the number of samples with a measured earthquake activity rate. Z-value is estimated as a
function of time and named LTA.
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4. Results and Discussions

In the scope of this study, space-time assessments of the earthquake distributions in the East
Anatolian part of Turkey are achieved by considering the main sesimotectonic parameters such as
seismotectonic b-value, fractal dimension Dc-value, seismic quiescence Z-value, annual
probabilities and recurrence times of the earthquakes. Since some occurrences such as foreshocks,
aftershocks or swarms generally masks temporal changes of the earthquake numbers, removing the
dependent earthquakes from catalog is an important stage in these types of statistics. In order to
achieve a quality assessment of earthquake rate changes and to remove the dependent events from
the catalog, Reasenberg’s [23] algorithm can be preferred. This algorithm “declusters” or
decomposes an earthquake catalogue into main and secondary events [24]. It removes all the
dependent events from each cluster, and define them as a unique earthquake.

In this study, earthquake catalogue was declustered with the Reasenberg’s [23] algorithm to
provide a quantitative evaluation of the precursory seismic quiescence. There are totally 44,359
shallow events with magnitudes larger than or equal to 1.0. By using declustering technique, 11,565
earthquakes are removed from the catalog and 32,794 earthquakes remained. Mc-value for study
region is taken as 2.8, and the number of events exceeding this magnitude level is 18,257. After
declustering and the excluding My<2.8 events, approximately 67.23% of the catalog is removed in
total and the number of events for Z-test is reduced to 14,537. The cumulative number of
earthquakes versus time for the original catalog, for the declustered catalog and for the declustered
catalogs with M4>2.8 is shown in Figure 2. Any significant seismic activity is not observed from
1970 to 1995 and there is a little variation between 1995 and 2000. Conversely, there is a significant
earthquake activity after 2000. However, it can be said that the database is separately homogeneous
between 1970 and 1995, between 1995 and 2002, and between 2002 and 2018. As shown in Figure
2, the slope of cumulative number curve of the declustered data is smoother than that of the original
catalog. It is a remarkable fact that these two processes removed the dependent events from the
original data set and, after these two process, a more reliable, homogeneous and robust database
was obtained for the imaging of seismic quiescence.

4; 000 1 1 1 1 1 1 1 1 L
i = QOriginal catalog (Mz=1.0 and 44.359 earthquakes)

40.000+ == Declustered catalog (My=1.0 and 32.794 earthquakes)
w== Declustered catalog (Mg=2.8 and 14.537 earthquakes)

0 T i ; r : : : 1 i
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Time (years)
Figure 2. Cumulative number of earthquakes versus time for the original with M¢>1.0 (black line), for the
declustered (blue line) catalogs with M¢>1.0, and for the declustered catalog with M¢>2.8 (red line).
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b-value in Gutenberg-Richter [10] relationship is estimated by the maximum likelihood method,
because it gives a more robust estimation than the least square method. This power law defines the
statistical characteristics of seismic zones in energy domain using the frequency-magnitude of
earthquakes. Figure 3a shows the plot of cumulative number of the earthquakes against the
magnitude for study region. Mc value is calculated as 2.8 and using this value the b-value is
calculated as 1.124+0.07. b-value for tectonic earthquakes changes between 0.3 and 2.0 depending
on region [19] and is more frequently equal to 1.0 on average [20]. Both the Mc and b-value
estimations in this study are similar to the results of the analyses by Oztiirk and Bayrak [25] and
Oztiirk [26]. Thus, the magnitude-frequency distribution of the earthquakes in the East Anatolia is
well represented by the Gutenberg-Richter power law distribution with the b-value close to 1.0.
Fractal dimension Dc-value is estimated by fitting a straight line to the curve of mean correlation
integral versus the earthquake distance, R (km). Dc-value is calculated as 1.874+0.03 with 95%
confidence limit by linear regression (Figure 3b). This log-log correlation function exhibits a clear
linear range and scale invariance in the cumulative statistics between 5.03 and 59.44 km. The areas
of increased complexity in active fault systems show higher Dc-value and seismicity is more
clustered at larger scales (or in smaller areas) in these areas [5, 11]. The higher Dc-value is also
quite sensitive to the heterogeneity in magnitude distribution [25]. As an important result, it can be
assumed that this large Dc-value is the dominant structural properties in the East Anatolia and it
may result from the earthquake clusters.

Annual probabilities and recurrence times for different magnitudes were given in Figure 4. As seen
in Figure 4a, annual probabilities for different magnitude sizes show relatively higher (30 and
above) values between 3.5 and 4.0 magnitude sizes, intermediate values (between 1 and 10) from
4.5 to 5.5 magnitude sizes, and quite smaller values (<1.0) between 5.5 and 7.0 magnitude sizes.
Recurrence times for different magnitude ranges were also shown in Figure 4b. Relatively smaller
(<1.0) years were observed for magnitude levels between 3.5 and 5.7. For magnitude size between
5.7 and 6.0, the values between 1.0 and 2.0 years are estimated whereas the values between 2.0 and
9.0 years are estimated for magnitude sizes between 6.0 and 7.0. The occurrences of earthquakes
between 4.0 and 5.5 magnitude level are more likely than those of the others, and an earthquake
occurrence for a magnitude size 6.5 can be expected in every decade. These results can also be
seen from the earthquake catalog, and the recurrence times analyses support the existing earthquake
potential [26] in the East Anatolia. Thus, these types of analyses on the probabilities and recurrence
times of earthquake occurrences for different magnitude sizes present that the East Anatolia has a
significant potential for the possibility of strong earthquake occurrence in the near future.

bt
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Cumulative Number

20 25 30 35 40 45 50 55 60 65 7.0 10° 10° 10" 10’ 10’ 10
Magnitude Distance R (km)

Figure 3. a) Gutenberg-Richter relation and b-value with its standard deviation. b) Fractal dimension Dc-value. The
slope of the blue lines gives the Dc-values. Standard deviations of the Dc-values are also given in green lines.
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Figure 4. a) Annual probability, b) Recurrence time of the earthquakes for different magnitude levels.

Regional distribution of b -value is mapped at every node of the 0.1° grid (Figure 5a). Original
earthquake catalogue with M¢>1.0 is included in the estimation of b-value with samples of 1250
events/windows. Regional variations of b-value are between 0.4 and 1.8. The largest b-values
(>1.2) are observed on the NAFZ, on NEAFZ including AKF and EZF, among the MLF, OF and
PF, between KKF and GFZ, among SF, MTZ and KBF, in the south of KEZ. However, the lowest
b-values (<0.9) are estimated in the east, southeast and northeast parts of the study region including
CFZ, KF, IF, DFZ, BFZ, CF, HTF, BF, YSFZ, BZF, in the eastern part of KEZ, among CAFZ,
SRF and MLF, on the junction of EAFZ and DSFZ (the southwestern part of the region). Regional
changes of Z-value are mapped by using declustered catalog M¢>2.8 and shown in Figure 5b. The
area under analysis is divided into rectangular cells spacing 0.1°. The nearest earthquakes, », at
each node are taken as 50 events. 7p=>5.5 years is used as the window length because the quiescence
areas are better visible for a window of 5.5 years. At the beginning of 2018, there are several
regions exhibiting seismic quiescence: on the NAFZ, CAFZ, MLF, OF, PF, between MTZ and MF,
around AKF, north part of the Lake Van, between BZF and KEZ, on the southwestern tip of EAFZ
(junction of EAFZ and DSFZ). There are clear decreases in b-value and increases in Z-value in the
several same areas: between CAFZ and MLF, between MF and MTZ, the southwestern part of the
EAFZ, and the junction of the EAFZ and DSFZ. These regions can be considered to be the most
likely areas for future strong earthquakes, and this can be explained with most promising
environment in which b-value show a decrease with an increase in mean stress [5, 25, 26]. Also,
these results are quite similar with those of Oztiirk and Bayrak [25], and Oztiirk [26].

42 1.8 (LTA); 1970.3031 to 2017.9989 - cut at 2012.4989; Tw = 5.5 yr
42 . "
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Figure 5. Regional maps of a) b-value, b) Z-value at the beginning of 2018. White dots in both figures represent the
earthquakes used in the calculation.
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Conclusions

The Eastern Anatolian part of Turkey is one of the most seismically and tectonically active regions
due to the frequent occurrence of strong earthquakes. The main purpose of this study is to make a
statistical assessment of earthquake activity in the Eastern Anatolia part of Turkey at the beginning
of 2018. For this purpose, a region-time assessment based on the recent changes in b-value, Dc-
value, Z-value, annual probability and recurrence time of earthquakes is carried out. The catalog
of the KOERI including 44,359 earthquakes with magnitude equal to and larger than 1.0 from 1970
until 2018 is used. The catalogue has a time interval of 47.70 years and is homogeneous for duration
magnitude, Mq. This analysis is limited in the rectangular area covered by the co-ordinates 36°N
and 42°N in latitude and by the co-ordinates 36°E and 45°E in longitude. In order to separate the
dependent events, Reasenberg’s algorithm is used and the earthquake catalogue is declustered for
the standard deviate Z-test. After declustering process and the excluding My<2.8 events,
approximately 67.23% of the catalog is removed in total and the number of events for Z-test is
reduced to 14,537. Mc-value is calculated as 2.8 and b-value is estimated as 1.12+0.07. This b-
value is well represented by the Gutenberg-Richter relation for the East Anatolian earthquakes. Dc-
value is calculated as 1.87£0.03 and this high Dc-value indicates that seismicity in the East
Anatolian region is more clustered at larger scales or in smaller areas. Analyses of probability and
recurrence time of the earthquakes suggest that the East Anatolian part of Turkey has an earthquake
potential for the probability of strong earthquake occurrence in the intermediate-term. Significant
low b-values and large Z-values regions are observed at the beginning of 2018. Thus, a combination
of these seismotectonic variables may supply significant clues for the seismic potential in the East
Anatolia and so, special interest needs to be given to these anomaly areas.

Acknowledgements

The author would like to thank to Prof. Dr. Stefan Wiemer for providing ZMAP software and to
KOERI for providing free earthquake database via internet.

References

[1] Hirata T. Correlation between the h-value and the fractal dimension of earthquakes. Journal of
Geophysical Research 1989; 94: 7507-7514.

[2] Wiemer S, Wyss M. Seismic quiescence before the Landers (M=7.5) and Big Bear (6.5) 1992
earthquakes. Bulletin of the Seismological Society of America 1994; 84: 900-916.

[3] Wyss M, Martirosyan AH. Seismic quiescence before the M7, 1988, Spitak earthquake,
Armenia. Geophysical Journal International 1998; 134: 329-340.

[4] Cao A, Gao SS. Temporal variation of seismic b-values beneath northeastern Japan island arc.
Geophysical Research Letters 2002; 29(9): 10.1029/2001GL013775.

[5] Polat O, Gok E, Yilmaz D. Earthquake hazard of the Aegean Extension region (West Turkey).
Turkish Journal of Earth Sciences 2008; 17: 593-614.

[6] Oztiirk S. Characteristics of seismic activity in the western, central and eastern parts of the
North Anatolian Fault Zone, Turkey: Temporal and spatial analysis Acta Geophysica 2011; 59 (2):
209-238.

Page 433

http://ww.ishad.info



Serkan Oztiirk
ASSESSING OF EARTHQUAKE ACTIVITY IN THE EAST ANATOLIAN PART OF TURKEY
A GENERAL OVERVIEW TO THE MAIN SEISMOTECTONIC PARAMETERS
ISHAD2018-page: 425-434

[7] Oztiirk S. A study on the correlations between seismotectonic b-value and Dc-value, and
seismic quiescence Z-value in the Western Anatolian region of Turkey. Austrian Journal of Earth
Sciences 2015; 108 (2): 172-184.

[8] Negi SS, Paul A. Space time clustering properties of seismicity in the Garhwal-Kumaun
Himalaya. India. Himalayan Geology 2015; 36 (1): 91-101.

[9] Singh C. Spatial variation of seismic b-values across the NW Himalaya, Geomatics. Natural
Hazards and Risk 2016; 7(2): 522-530.

[10]Gutenberg B, Richter CF. Frequency of earthquakes in California. Bulletin of the
Seismological Society of America 1944; 34: 185-188.

[11]Oncel AO, Alptekin O, Main IG. Temporal variations of the fractal properties of seismicity in
the western part of the North Anatolian fault zone: possible artifacts due to improvements in station
coverage. Nonlinear Processes in Geophysics 1995; 2(3/4): 147-157

[12] Wyss M, Habermann RE. Precursory seismic quiescence. Pure Applied Geophysics 1988; 126,
2-4;319-332.

[13]Wiemer S. A software package to analyze seismicity: ZMAP. Seismological Research Letters
2001; 72(2): 373-382.

[14] Westeway R. Present-day kinematics of the Middle East and Eastern Mediterranean. Journal
of Geophysical Research 1994; 99: 12,071-12,090.

[15]Sengdr AMC, Yilmaz Y. Tethyan evolution of Turkey: a plate tectonic approach.
Tectonophysics 1981; 75: 181-241.

[16]Bozkurt E. Neotectonics of Turkey-a synthesis. Geodinamica Acta 2001; 14: 3-30.
[17]Saroglu F, Emre O, Kuscu I. Active fault map of Turkey, General Directorate of Mineral
Research and Exploration 1992, Ankara, Turkey.

[18]Ulusay R, Tuncay E, Sonmez H, Gokg¢eoglu C. An attenuation relationship based on Turkish
strong motion data and iso-acceleration map of Turkey. Engineering Geology 2004; 74: 3-4, 265-
291.

[19]Utsu T. Aftershock and earthquake statistic (III): Analyses of the distribution of earthquakes
in magnitude, time and space with special consideration to clustering characteristics of earthquake
occurrence (1). Journal of Faculty of Science, Hokkaido University, Series VII (Geophysics); 1971;
3:379-441.

[20]Frohlich C, Davis S, Teleseismic b-values: Or, much ado about 1.0. Journal of Geophysical
Research 1993; 98 (B1): 631-644.

[21]Wiemer S, Wyss M. Minimum magnitude of completeness in earthquake catalogs: Examples
from Alaska, the Western United States, and Japan. Bulletin of the Seismological Society of
America 2000; 90 (3): 859-869.

[22] Grassberger P, Procaccia I. Measuring the strangeness of strange attractors. Physica 1983;
9(D): 189-208.

[23]Reasenberg PA. Second-order moment of Central California Seismicity, 1969-1982. Journal
of Geophysical Research 1985; 90 (B7): 5479-5495.

[24] Arabasz WJ, Wyss M. Significant precursory seismic quiescences in the extensional Wasatch
front region Utah. EOS, Trans. Am. Geophys. Un. 1996; 77: F455.

[25]Oztiirk S, Bayrak Y. Spatial variations of precursory seismic quiescence observed in recent
years in the eastern part of Turkey. Acta Geophysica 2012; 60 (1): 92-118.

[26] Oztiirk S. Space-time assessing of the earthquake potential in recent years in the Eastern
Anatolia region of Turkey. Earth Sciences Research Journal 2017; 21 (2); 67-75.

Page 434

http://ww.ishad.info



