
Abstract

The variations of the current seismicity rate on the North Anatolian Fault Zone in the beginning of 2009 have been analyzed based 

on the phenomenon of precursory seismic sequence before crustal main shocks. For this purpose, a statistical assessment is made 

to detect the seismic quiescence situation by using the standard normal deviate Z-value. Eight seismic quiescence regions are ob-

served and quiescence anomalies in these regions have been observed since the beginning of 2005. On the Marmara part of the 

North Anatolian Fault Zone, four quiescence areas have been found on Silivri, in the Black Sea, around Izmit region and Çanakkale, 

Saros Gulf. On the Anatolian part of the North Anatolian Fault Zone, two quiescence areas have been observed on the Düzce fault 

and around the city of Amasya. Other anomalies have been observed around Erzincan, Elazığ and Bingöl regions on the eastern 

part of the North Anatolian Fault Zone.

Due to the occurrences of the last strong earthquakes “M  = 6.0 - Elazığ earthquake, 2010 March 08; M  = 5.2 - Çanakkale W W

(Saros Gulf) earthquake, 2010 November 03; M  = 5.5 - Erzincan earthquake, 2011 September 22 and M  = 5.1 - Marmara Ereğ-W W

lisi (Tekirdağ) earthquake, 2012 June 07”, other seismic quiescence regions may contribute to the forecasting of impending main 

shocks. Spatial and temporal estimates of the future seismic hazard of the North Anatolian Fault Zone are provided based on the 

results.

__________________________________________________________________________
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1. Introduction

In recent years, a number of studies have been made on the 

variation of seismicity before the occurrence of large earth-

quakes, including the phenomenon of precursory quiescence, 

as important tools for understanding seismo-tectonic processes 

(Murru et al., 1999). Though precursory seismic anomalies are 

important, they are controversial subjects. Among most of the 

reported precursory anomalies, seismic quiescence is defined 

as a significant decrease of the mean seismicity compared to 

the preceding background seismicity (Wu and Chiao, 2006). 

Several papers reported that precursory seismic quiescence 

occurred in and around focal areas several years before main 

shocks, e.g. Tokachi-Oki (Mogi, 1969), Tonga-Kermadec (Wyss 

et al., 1984), Morgan Hill (Habermann and Wyss, 1984), San 

Andreas (Wyss and Burford, 1987), Izu-Oshima (Wyss et al., 

1996), Kurile (Katsumata and Kasahara, 1999), Colfiorito 

(Console et al., 2000), Kefalonia (Chouliaras and Stavrakakis, 

2001).

Mogi (1969) proposed on the basis of visual inspection of 

seismicity maps that precursory seismic quiescence is the 

inner part of the doughnut pattern. In comparison with the 

preceding declustered background rate within all or a major 

part of the source volume, seismic quiescence is defined as 

a significant decrease in mean seismicity rate (Wyss and 

Martirosyan, 1998). The decrease in rate, which may last bet-

ween one and several years, must precede and lead up to the 

main shock time, or may be separated from it by a relative

short period of an increased seismic activity rate (Murru et 

al., 1999). It is still not well established if the time dependence 

of the precursory quiescence on the expected main shock 

magnitude and the quiescence dimensions are in accordance 

with those of the source volume of the likely main shock. This 

may also be a function of the tectonic environment. There-

fore, it is difficult to ascertain what characteristics of quies-

cence to expect, and it is not certain whether or not the quies-

cence occurs in all possible tectonic settings.

Considering the temporal and spatial properties of the most 

important seismic activity variations, seismic quiescence has 

provided additional insight into the problem of finding pre-

cursory anomalies related to the crustal main shock. From 

this point of view, the main goal of this work is to put forward 

statistical records concerning the intermediateterm earth-

quake prediction along the North Anatolian Fault Zone (NAFZ), 

by making a statistical analysis to detect the changes in the 

seismic activity in the beginning of 2009. For this purpose, 

the gridding method of Wiemer and Wyss (1994) and the 

ZMAP software (Wiemer, 2001) are used to map the pre-

cursory changes in the seismic activity along the NAFZ. Such 

studies show the recent seismic quiescence situation before 

several intermediate crustal events which have taken place in 

different parts of the world. Therefore, this analysis can give 

an important aspect to earthquake forecast research, and 

also allows to make a statistical assessment in detecting fu-

_____________
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ture episodes of quiescence in real time at the NAFZ.

A part of the database used in this study is taken from Öztürk 

(2009), who developed some relationships between different 

magnitude scales (m -body wave magnitude, M -surface wave b S

magnitude, M -local magnitude, and M -duration magnitude) L D

to prepare a homogenous and complete earthquake catalogue 

from different data sets. For this purpose, Öztürk (2009) used 

the catalogue data from the website of the International Seis-

mological Centre (ISC) during the period 1970 to 1973, and 

Bogazici University, Kandilli Observatory and Research Insti-

tute (KOERI), TURKNET, Incorporated Research Institutions 

for Seismology (IRIS) and TUBITAK from 1974 to 2005. Öztürk 

(2009) prepared a homogenous and complete instrumental da-

ta catalogue for M  magnitude using these relationships. This D

catalogue for the duration magnitude includes 73,530 earth-

quakes whose magnitudes are equal to or are larger than 1.4, 

which occurred in Turkey between 1970 and 2005. Since Öztürk 

(2009) used the empirical relations to get a homogenous cata-

logue from 1970 to 2005, this magnitude level (M >1.4) is ob-D

tained. The KOERI catalogue is also used between 2006 and 

______

2. Data Analysis

2.1 Data Preparation and Seismic 

Source Zones

2009. The Seismological Observatory of KOERI, computed 

the size of all earthquakes with M  (in general M >3.0), which D D

provides real time data with the modern on-line and dial-up 

seismic stations in Turkey. In general, KOERI gives M  mag-L

nitude for the local earthquakes with missing M  magnitudes. D

In the situation that M  is unknown in the KOERI catalogue D

between 2006 and 2009, M  magnitudes were calculated D

using the M -M  relationships (Table 1) from Öztürk (2009) D L

and 12,068 earthquakes were obtained for this time interval in 

and around Turkey. The same relationships for M -M  scales D L

are also given in detailed in Bayrak et al. (2009).

The bounds of the region analyzed in this study are provi-

ded from Öztürk (2009), who divided Turkey into different 24 

source regions, and made a detailed zonation considering 

different previous zonation studies for modeling of seismic 

hazard in Turkey. Öztürk (2009) plotted the existing tectonic 

structure with the epicenter distribution of earthquakes, and 

the solution of focal mechanism given by TUBITAK for the 

great earthquakes occurred in Turkey between 1977 and 

2002. Thus, a part of these seismic source zones is consi-

dered as the study region. The North Anatolian Fault Zone 

(regions 20, 21 and 24 in Öztürk, 2009) is selected as the 

area of investigation in this study. According to Öztürk (2009), 

region 20 (region 1 in this study) covers the Marmara part in 

the North Anatolian Fault Zone (MNAFZ), region 21 (region 2

__________
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Figure 1: a) Active fault systems and seismic source zones in the North Anatolian Fault Zone. All tectonics were modified from Şaroğlu et al. 

(1992) while the seismic regions from Öztürk (2009). Several major faults are shown on the map. (1: Marmara part of the North Anatolian Fault Zone, 

2: Anatolian part of the North Anatolian Fault Zone, 3: Eastern part of the North Anatolian Fault Zone, A: the Ismetpaşa segment, B: Erbaa city of 

Tokat province, IS: Ismetpasa segment, EF: Ercis Fault, DBFZ: Dogu Beyazıt Fault Zone, NEAFZ: North East Anatolian Fault Zone, MTZ: Mus Thrust 

Zone, KF: Kagızman Fault, SF: Sultandagı Fault, SFZ: Simav Fault Zone, SGF: Saros-Gazikoy Fault, IDFZ: Inonu-Dodurga Fault Zone, MF: Malatya 

Fault, YGF: Yenice-Gonen Fault, MSF: Manyas Fault, GG: Gediz Graben, DF: Duzce Fault, TLF: Tuz Lake Fault, OF: Ovacık Fault, EF: Ezinepazarı 

Fault). b) Seismicity map of the North Anatolian Fault Zone for all earthquakes with M ≥1.4 and depth<70 km between February 1970 and December D

2008. Stars indicate the principal main shocks with M ≥5.5.D ________________________________________________________________________



magnitude relationship and plot the seismic quiescence.  

is estimated for samples of 30 events/window for the MNAFZ 

by using the earthquake catalogue containing all 9,498 earth-

quakes of M ≥1.4, 75 events/window for the ANAFZ by usingD

the earthquake catalogue containing all 4,363 earthquakes of 

M ≥1.4, and 30 events/window for the ENAFZ by using the D

earthquake catalogue containing all 2,434 earthquakes of 

M ≥2.0. Figure 3 shows the variations of Mc versus time for D

all parts of the NAFZ. In the MNAFZ, Mc value is rather large 

and varies from 3.5 to 4.0 between 1975 and 1980, while Mc 

decreases to about 2.3 and 2.5 between 1980 and 1985 (Fi-

gure 3a). Then, it decreases to about 2.7 in the beginning of 

1987. However, there are two maximum values of 4.0 and 

Mc

A statistical assessment of current seismic quiescence along the North Anatolian Fault Zone: Earthquake precursors

Table 1: Magnitude conversion relationships between M  and M  scales for 24 different source D L

regions of Turkey. The values in the parentheses show the uncertainties (from Öztürk, 2009)_______

Figure 2: Historical surface ruptures with their dates along the North Anatolian Fault Zone and major earthquakes ( 5.5) given in Table 2. Place 

of surface ruptures were modified from Langridge et al. (2002). Ge: Gelibolu, Is: Istanbul, Iz:Izmit, Bo: Bolu, Eb: Erbaa, Er: Erzincan, Ka: Karlıova.

M ≥D
___

in this study) is the Anatolian part of the North Anatolian Fault 

Zone (ANAFZ), and region 24 (region 3 in this study) covers 

the eastern part of the North Anatolian Fault Zone (ENAFZ). 

The major tectonic structures of the region are adopted from 

Şaroğlu et al. (1992) and the zones based on Öztürk (2009) 

are shown in Figure 1a. Additionally, the Ismetpaşa segment 

(A) and Erbaa city of Tokat province (B) are located in Figure 

1a. (For details on the relationships of MS with the other magni-

tude types and all seismic zonations see Bayrak et al., 2009).

After the selection of the study region along the North Anato-

lian Fault Zone, the earthquake data in this region was prepa-

red. In this stage, earthquakes between the time interval 2006 

and 2009 for regions 1, 2 and 3 are selected from the whole

catalogue. There have been totally 

1,900 events in these three regions 

between 2006 and 2009. The time 

interval considered for the present 

work is from 1970 to 2009. M -du-D

ration magnitude is used. Thus, the 

prepared data catalogue for regions 

1, 2 and 3 consists of 16,295 earth-

quakes (depth<70 km) with magnitu-

des greater than or equal to 1.4. Epi-

center distributions of whole earth-

quakes (M ≥1.4) and the strong D

main shocks (M ≥5.5) in the study D

region are shown in Figure 1b. All 

details of M ≥5.5 earthquakes are D

also given in Table 2. Also, a surface 

ruptures map along the NAFZ with 

the location of large earthquakes gi-

ven in Table 2 are shown in Figure 2. 

The change of magnitude comp-

leteness, Mc, as a function of time is 

determined for all sub-regions by us-

ing a moving time window approach 

in order to analyze the frequency-

2.2 Magnitude Complete-

ness Analysis and Declus-

tering of Data
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Figure 3: Magnitude completeness, Mc, as a function of time for (a) MNAFZ, (b) ANAFZ, and (c) 

ENAFZ. Standard deviation (δMc) of the completeness (dashed lines) is also given. Mc is calculated 

for overlapping samples, each containing 30 events for MNAFZ, 75 events for ANAFZ and 30 events 

for ENAFZ.________________________________________________________________________

and 3.3. These large values in region 1 are observed after the 

1999 Izmit earthquake sequence. In the ANAFZ, Mc has a value 

between 3.0 and 3.5 until 1985 and around 3.0 between 1985 

and 2000 (Fig. 3b). This Mc value is smaller than 3.0 after 2000, 

i.e. around 2.9. A large Mc value of 3.9 is observed in the 1999 

Duzce aftershock sequence. In these two parts of the NAFZ, as 

stated in Wiemer and Katsumata (1999), some high Mc values 

may be higher in the early part of the aftershock sequence be-

cause the small shocks may not be located. In the ENAFZ, Mc 

value is rather large and exceeds 4.0 until 1995, and decreases 

from 4.0 to 3.1 between 1995 and 

2003 (Fig. 3c). After 2003, Mc value 

varies between 2.8 and 3.1. There-

fore, it can be inferred that Mc ge-

nerally shows a non-stable value in 

the different parts of the NAFZ. How-

ever, Mc value varies between 2.7 

and 2.9 in the NAFZ, and this result 

is consistent with the completeness 

analysis made by Huang et al. (2002).

There are 9,498 earthquakes with 

magnitudes greater than or equal 

to 1.4 in region 1. For this region, 

Mc value is 2.7 and the number of 

events exceeding this magnitude le-

vel is 6,242. Declustering algorithm 

subtracted 251 (about 4%) events 

and 37% of the events were totally 

removed from whole data set. Con-

sequently, the number of earthqua-

kes in the MNAFZ for Z-value calcu-

lations was reduced to 5,991. In re-

gion 2, there are 4,363 earthquakes 

with magnitudes larger than or equal 

to 1.4. For this region, the Mc value 

is 2.9 and the number of events ex-

ceeding this magnitude level is 3,048. 

Declustering algorithm subtracted 

272 (about 9%) events and 36% of 

the events in total were removed 

from whole data set. Thus, the num-

ber of events in the ANAFZ for Z-

value assessment was reduced to 

2,776. There are 2,434 earthqua-

kes with magnitudes greater than or 

equal to 2.0 in region 3. For this re-

gion, Mc value is 2.9 and the num-

ber of events exceeding this magni-

tude level is 1,847. Declustering al-

gorithm subtracted 393 (about 21%) 

events and 40% of the events in to-

tal were removed from the entire da-

ta set. In conclusion, in the ANAFZ 

the number of events for Z-value 

analysis was reduced to 1,454. After

completing the declustering processes, a more reliable, homo-

geneous and robust seismicity data has been obtained for all 

sub-regions of the NAFZ.

The NAFZ is one of the best-known strike-slip faults in the

world because of its remarkable seismic activity and extremely 

well developed surface expression (Bozkurt, 2001). The NAFZ 

is a very active structure, and according to geodesy it accom-

_____________________________

______________________

3. Tectonics and Seismicity of the North 

Anatolian Fault Zone



modates 24-30 mm/yr of dextral motion (Reilinger et al., 1997). 

The NAFZ is an approximately 1,500 km-long, broadly arc-

shaped, dextral strike-slip fault system that extends from eas-

tern Turkey in the east to the north Aegean in the west. It is 

predominantly a single zone ranging from a few hundred me-

ters to 40 km wide. Along much of its length, this fault zone 

consists of a few shorter subparallel fault strands that some-

times display an anastomosing pattern (Bozkurt, 2001). The 

NAFZ forms a typical triple-junction to the east, and joins with 

the sinistral East Anatolian Fault Zone (EAFZ) at Karlıova. The 

NAFZ does not terminate at the Karlıova triple junction but 

continues towards south east. This 

section ruptured during two succes-

sive earthquakes on August 19 and 

20, 1966 (M=6.8 and M=6.2), respec-

tively (Ambraseys, 1988). During the 

past 60 years, the NAFZ has produ-

ced earthquakes along different sec-

tions in a system manner that is aty-

pical of long faults. Beginning with 

the 1939 Erzincan earthquake (M= 

7.9 to 8.0), which produced about 

350 km of ground rupture, the NAFZ 

ruptured by nine moderate to large 

earthquakes (M>6.7), and formed 

more than 1,000 km surface rupture 

along the fault. Most of the earth-

quakes occurred sequentially in a 

westward progression. These include 

9 August 1912 Marmara (M=7.4), 26

December 1939 Erzincan ( =7.9 to 8.0), 20 December 1942 

Erbaa-Niksar (M=7.1), 26 November 1943 Tosya (M=7.6), 1 

February 1944 Bolu-Gerede (M=7.3), 17 August 1949 Elma-

lıdere-Bingöl (M=7.1), 13 August 1951 Kurşunlu-Çankırı (M= 

6.9), 26 May 1957 Abant (M=7.0), 22 July 1967 Mudurnu 

valley (M=7.1), 22 May 1971 Bingöl (M=6.7), 13 March 1992 

Erzincan (M=6.8), 17 August 1999 Izmit (M=7.4), and 12 No-

vember 1999 Düzce earthquakes (Bozkurt, 2001).

Temporal variations of the earthquake numbers and the rela-

ted statistics are generally marked by aftershock activity. For 

the good-quality analysis of seismic activity variations, it is ne-

cessary to eliminate the dependent events from the catalogue. 

The earthquake catalogue is declustered using the Reasen-

berg (1985) algorithm in order to separate the dependent 

events from the independent ones. This cluster analysis algo-

rithm “declusters” or decomposes a regional earthquake ca-

talogue into main and secondary events (Arabasz and Hill, 

1996). This algorithm removes all the dependent events from 

each cluster, and substitutes them with a unique event, equi-

valent in energy to that of the whole cluster.

In recent years, ZMAP has been used to investigate seismic 

quiescence phenomena (e.g. Murru et al., 1999; Console et 

al., 2000; Chouliaras and Stavrakakis, 2001; Wu and Chen, 

2007; Polat et al., 2008; Gentili, 2010; Rudolf-Navaro et al., 

2010; Wang et al., 2010; Kumazawa et al., 2010). The new 

release of ZMAP (version 6-freely available on the web page,

http://www.seismo.ethz.ch/prod/software/zmap/index_EN) in-

cludes most of the routines adapted for Matlab and used for 

statistical analyses.

One of the statistical methods frequently used for analyzing 

seismicity rate changes is the standard normal deviate Z-test 

(Wyss, 1986; Habermann, 1988; Wiemer and Wyss, 1994; Wu 

and Chiao, 2006). ZMAP produces a continuous image of seis-

micity rate changes in space and time by creating a grid of geo-

M

_________

______________

_________________________________

4. Method of Analysis
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Figure 4: Schematic explanation of how to calculate Z-value. The 

Z-value is calculated for all times t between t  and te to T  and is sta-0 W

tistically appropriate for estimating seismicity rate change in a time 

window T  in contrast with background seismicity. T  is the length of W W

the time window in year and t is the “current time” (t <t<t ).0 e _________

Table 2: General information of earthquakes occurred in study region with magnitude M ≥5.5D ___



graphical coordinates, and associating to each grid node a se-

lected number of nearest events. The subset of events belon-

ging to each grid node is sampled in short time windows (usu-

ally a few weeks), so that the average number of events oc-

curred in a time period of several consecutive samples (fore-

ground) can be compared with that of all the remaining samp-

les (background). The ZMAP method is applied for imaging 

the areas exhibiting a seismic quiescence (for details see Wie-
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Figure 5: Plots of cumulative number of events versus time for original and declustered earth-

quake catalogues for all sub-regions of the North Anatolian Fault Zone: (a) for MNAFZ, (b) for ANAFZ 

and (c) for ENAFZ.__________________________________________________________________

Z(t)=
R -Rall wl

2σ all
+

2σ wl

nall nwl

mer and Wyss, 1994). In order to 

rank the importance of quiescence, 

the standard deviate Z-test is used, 

generating the LTA(t) (Long Term 

Average) function for the statistical 

evaluation of the confidence level in 

units of standard deviations (Wiemer 

and Wyss, 1994)

(1)

where R  is the mean rate in the all

overall period including T  (from t  W 0

to t ), R  the mean rate in the con-e wl

sidered time window (from t to t+T ), W

σ  and σ  are the standard devia-all wl

tions in these periods, and n  and n  all wl

the number of samples and t is the 

“current time” (t <t<t ) (Katsumata 0 e

and Kasahara, 1999). The Z-value, 

computed for all times t between t0

and t -T  (Figure 4), by the equation e W

is statistically appropriate for estima-

ting seismicity rate change in a time 

window T  (also indicated as iwl) in W

contrast with background seismicity. 

The Z-value calculated as a function 

of time, letting the foreground win-

dow slide along the time duration of 

catalogue, is called LTA(t). The shape 

of the LTA(t) function strongly de-

pends on the choice of the length of 

the foreground window (iwl). While 

the statistical robustness of the LTA 

(t) function increases with the size of 

iwl, its shape becomes increasingly 

smooth, if the iwl length exceeds the 

duration of the anomaly. Moreover, if 

one evaluates the statistical signifi-

cance of an anomaly, it is not only 

necessary to decide the threshold le-

vel for the Z-value (in terms of stan-

dard deviations unit), but it is also 

necessary to decide the maximum 

time length allowed after the end of 

the anomaly, before the occurrence

_______________

of the main shock. The duration of quiescence is a significant 

parameter to be determined and its importance is maximized 

when T  is equal to that value and for meaningful results it is W

demanded that they do not depend on the choice of T . Since W

it is not known how long quiescence may last, the window 

length was changed from 1.5 to 5.5 years, because this is in 

the range of reported seismic quiescence prior to crustal main 

shocks (Wyss, 1997a; 1997b)._________________________



calculated Z-values are contoured and mapped.

Figure 5 shows the cumulative number of earthquakes against 

time in all regions for original catalogue and for declustered 

events (excluding dependent events from the original cata-

logue). For region 1, there is no significant seismic change of 

reporting as a function of time between 1970 and 1975 (Fig. 

5a). As shown in the cumulative number of earthquakes as a 

function of time for regions 2 (Fig. 5b) and 3 (Fig. 5c), little 

change is observed in the seismic activity after 1970 until 

1995 but further on, great changes are obvious in the studied 

area, especially after 2000. Because many stations have been

___________

5. Results

built in this area in recent years, es-

pecially after the great earthquakes 

in Izmit and Düzcein 1999, other ob-

servatories and mainly KOERI pro-

vides the real time data with the mo-

dern on-line and dial-up seismic sta-

tions in Turkey. Since this evaluation 

deals with the seismicity rate change 

and not energy or moment release, 

the magnitude of completeness of 

the catalogue used to detect the 

quiescence is an important parame-

ter because this varies regionally de-

pending on the seismic activity of 

the area under investigation and the 

detectability of the network.

The b-value in Gutenberg and Rich-

ter (1944) relationship is calculated 

by the maximum likelihood method 

using ZMAP software, because it 

yields a more robust estimate than 

the least-square regression method 

(Aki, 1965). Gutenberg-Richter (G-

R) law describes the power-law of 

size distribution of earthquakes. Fi-

gure 6 shows the plots of cumulative 

number of the earthquakes versus 

the magnitude for all regions. The ca-

talogue includes 9,498 earthquakes 

(M ≥1.4) for epicentral depths less D

than 70 km for region 1. Mc value 

is calculated as 2.7 and the b-value 

is calculated as 1.13±0.01 using this 

Mc value for region 1 (Fig. 6a). The 

catalogue includes 4,363 events 

(M ≥1.4) for epicentral depths less D

than 70 km for region 2. Mc value is 

computed as 2.9 and using this value

the b-value is found as 0.99±0.02 

for region 2 (Fig. 6b). For region 3, 

the catalogue includes 2,434 events 

(M ≥2.0) for epicentral depths lessD

_______
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Figure 6: Magnitude-frequency distribution for all original catalogues between 1970 and 2009 

for all sub-regions of the North Anatolian Fault Zone. The b-value and its standard deviation, as well 

as the a-value in the Gutenberg-Richter relation are given on the plots (a) for MNAFZ, (b) for ANAFZ 

and (c) for ENAFZ.__________________________________________________________________

To establish the regional distribution of the seismic quie-

scence mentioned above, the Reasenberg (1985) method is 

applied to decluster the data. Details of the method are des-

cribed, e.g., in Wiemer and Wyss (1994). Therefore, only a 

brief summary is provided in this study. The Z-maps based on 

the declustered catalogue represents a choice obtained after 

numerous tests, carried out trying different T  values (indica-W

ted as iwl in the respective figures) such as 1.5, 2.5, 3.5, 4.5 

and 5.5 years and different starting times for the foreground 

windows. Each Z-value is represented by a different color: the 

scale spans from the lowest Z-values, indicating no significant 

changes in seismicity rate, shown in black, and the highest 

ones (decrease in seismicity rate), shown in grey. Then, the



than 70 km. Mc value is taken as 2.9 and using this complete-

ness value the b-value is calculated as 0.98±0.02 for region 3 

(Fig. 6c). For all regions, the b-value and its standard deviation 

is determined with the maximum likelihood method, as well   

as the a-value of the Gutenberg-Richter relation. The tectonic 

earthquakes are characterized by the b-value from 0.5 to 1.5 

and are more frequently around 1.0. It is clearly seen that the 

earthquake catalogue matches the general property of events 

such that magnitude-frequency distribution of the earthquakes 

is well represented by the Gutenberg-Richter law with a b-value 

typically close to 1.0 (Reasenberg and Jones, 1989).

The areas under analysis were divided into rectangular cells 

spacing 0.02º in longitude and latitude because this is related 

to the accuracy of epicentral determinations of the catalogue, 

and it also provides a dense coverage in space. The nearest 

earthquakes N=50 for regions 1 and 2 and N=25 for region 3 

at each node are considered after some preliminary tests, and 

the seismicity rate changes are searched within a maximum 

radius changes by a moving time window T , stepping forward W

through the time series by a sampling interval as described 

by Wiemer and Wyss (1994). The shape of the LTA function 

strongly depends on the choice of the length of the foreground 

window (iwl). While the statistical robustness of the LTA func-

tion increases with the size of iwl, its shape becomes more and 

smoother, if the iwl length exceeds the duration of the anomaly. 

The time window, equal to 5.5 years is used as the window 

length because the quiescence regions are better visible for 

a window of 5.5 years. Because the quiescence anomalies 

found in Figures 7, 9 and 11 are the best revealed at the epi-

central areas for T  equal to 5.5 years, this time window length W

is used in order to image the geographical distribution of the 

seismicity rate changes. The N and T  values are usually se-W

lected accordingly to enhance the quiescence signal, and this 

choice does not influence the results in any way. For each 

grid point the earthquake population is binned into many bin-

ning spans of 28 days for all regions in order to have a conti-

nuous and dense coverage in time. Thus, spatial distributions 

of Z-values are presented for the beginning of 2009. All de-

tails for input parameters, some information about the study 

regions and the earthquake catalogues are given in Table 3.

_______

_

As shown by the Z-value distribu-

tion along the MNAFZ (Fig. 7), four 

areas (A, B, C and D) exhibit signi-

ficant seismic quiescence. Cumula-

tive number plots of events and the 

correspondent LTA(t) function in a 

circular area including these regions 

are given in Figures 8a to 8d, respec-

tively (Fig. 8a plotted for a circle of 

13.77 km radius centered at region 

A with Z =6.5, Fig. 8b for a circle of max

51.24 km radius centered at region 

B with Z =6.8, Fig. 8c for a circle max

of 10.54 km radius centered at re-

gion C with Z =6.0 and Fig. 8d for max

a circle of 16.03 km radius centered at region D with Z =4.4) max

Seismic quiescence changes started in the beginning of 2005 

in these four anomaly regions.

Two areas (E and F) exhibit seismic quiescence anomaly 

based on Z-value distribution along the ANAFZ (Fig. 9). Cumu-

lative number plots for anomaly areas covering the regions E 

and F (Fig. 10a shows the cumulative earthquake number 

against time for a circle of 15.91 km radius centered at region 

E with Z =3.3, and Fig. 10b the cumulative earthquake num-max

ber against time for a circle of 13.13 km radius centered at re-

gion F with Z =2.4) shows the onset of seismic quiescence max

at nearly the beginning of 2005 in these two quiescence areas.

Figure 11 shows the Z-value distribution in the ENAFZ with 

two areas (G and H) exhibiting seismic quiescence anomaly. 

Cumulative number plots for anomalies areas covering the re-

gions G and H are given in Figures 12a and 12b, respectively.

Figure 12a shows the cumulative earthquake number against 

time for a circle of 9.70 km radius centered at region G with 

Z =2.3 and Figure 12b shows the cumulative earthquake max

number against time for a circle of 12.88 km radius centered

at region H with Z =2.6. The onset of seismic quiescence is max

again observed in the beginning of 2005.

For all cumulative number figures, the length of time window 

is determined by adding T  value in years to the chosen time W

as the beginning of the time cut (indicated in the correspon-

ding figures). So, all figures present the Z-value variations for 

the same time for all regions, the beginning of 2009. In the Z-

value maps for all part of the NAFZ, eight areas exhibit signi-

ficant seismic quiescence. In the MNAFZ, the first anomaly is 

found centered at 41.08ºN-28.58ºE (region A, around Silivri) 

and the second one is found centered at 41.47ºN-29.51ºE (re-

gion B, in the Black Sea). The third quiescence anomaly is 

observed centered at 40.69ºN-29.78ºE (region C, including 

Izmit) and the fourth one is observed centered at 40.26ºN-

26.46ºE (region D, around Çanakkale, Saros Gulf). For all 

areas in the MNAFZ, anomalies in duration have been seen 

since the beginning of 2005 as shown in Figures 8a to 8d. In 

the ANAFZ, the first anomaly is found centered at 40.59ºN-

31.03ºE (region E, including Düzce fault) and the second quie-

scence area is found centered at 40.86ºN-35.30ºE (region F,

_________________________

________________
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Figure 7: Spatial variability of Z-value for the Marmara part of the North Anatolian Fault Zone in 

the beginning of 2009 with T  (iwl)=5.5 years. Calculations are made by using the declustered earth-W

quakes with  2.7 for this region.M ≥D ____________________________________________________
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around Amasya). While the anomalies in duration in the first 

quiescence for region E have been seen since the beginning 

of 2005, the second quiescence anomaly in region F has star-

ted in the beginning of 2003 as shown in Figures 10a to 10b. 

In the ENAFZ, the first anomaly is found centered at 39.48ºN-

39.74ºE (region G, around Erzincan) and the second anomaly

is found centered at 39.06ºN-40.50ºE (region H, including Elzığ 

and Bingöl). For the ENAFZ, the anomalies in duration have 

been seen since the beginning of 2005 as seen in Figures 

12a to 12b.

There are some small quiescence areas in the ANAFZ aside 

from these eight significant areas mentioned above. One of

them is observed on the Ismetpaşa segment (arrow 1 in Fig. 

9) and the others (arrows 2 and 3 in Fig. 9) in the southwest 

of this segment. However, since these small quiescence areas 

are unclear, it is considered they are not as significant as the 

other eight quiescence regions. Also, since there are fewer 

earthquakes in some edges (especially in Bleak Sea region, 

or the other regions that have no fault system), these values 

in the abovementioned regions can be interpreted as artificial 

results from contouring and interpolations. Joswing (2001) 

stated that characterizing the null hypothesis must be made 

before the interpretation of seismic quiescence maps. For 

earthquake predictions, this means the fraction of success 

which is achieved by pure chance. Such kind of quiescence 

maps do not issue any alert but should help to relate quies-

cence spots to pending earthquakes. Thus, the null hypothe-

sis describes how many quiescence anomalies would precede

________________________________________

a real event, even if the distribution is completely random. Al-

so, in some regions the small scale quiescence anomalies 

can be interpreted as false alarms exceeding in significance 

the precursors. This randomness could be derived from the 

given catalogue by arbitrarily altering the event times, but 

keeping their locations for the spatial clustering (Joswing, 

2001). Consequently, such kind of heterogeneous reporting 

as a function of time can generate false alarms and impede 

reliable measurement of natural seismicity rate changes.

In order to present the temporal and spatial implications of 

earthquake hazard in different parts of Turkey, especially in 

the North Anatolian Fault Zone, in recent years, many authors 

have used many different methods and made a large number 

of statistical analyses (e.g., Kutoglu and Akcin, 2006; Bektas 

et al., 2007; Kutoglu et al., 2008; Öztürk et al., 2008; Turk 

and Gumusay, 2008).

Kutoglu and Akcin (2006) and Kutoglu et al. (2008) determi-

ned the surface creep on the Ismetpaşa segment of the NAFZ 

after the Izmit and Duzce earthquakes in 1999 occurred in the 

near west of the Ismetpaşa segment based on the periodical 

observations of an old trilateration network. Their evaluation 

of the observations revealed a creepof 0.78 cm/year for the 

period 1992-2002 and this new observation campaign of the 

Ismetpaşa geodetic network shows that the Ismetpaşa seg-

ment has ceased the slowing trend and started to gain speed. 

They interpreted that the Ismetpaşa segment of the NAFZ is

____

________________________________

6. Discussions

Figure 8: Cumulative number and Z-value plots versus time for the anomaly areas detected in in the Marmara part of North Anatolian Fault Zone 

in Figure 7 for (a) region A, (b) region B, (c) region C and (d) region D.________________________________________________________________
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Table 3: Input parameters used in ZMAP computer program and some properties of study regions.

Figure 9: Spatial variability of Z-value for the Anatolian part of the North Anatolian Fault Zone in 

the beginning of 2009 with T  (iwl)=5.5 years. Calculations are made by using the declustered earth-W

quakes with  2.9 for this region.M ≥D _____________________________________________________

under an increasing earthquake risk. 

Although the quiescence observed 

in this analyze on the Ismetpaşa 

segment (region A in Fig. 1a) is in a 

small region and is not very clear, 

this can be interpreted as an earth-

quake risk for this segment.

Turk and Gumusay (2008) desig-

ned a disaster information system 

infrastructure and implemented it to 

take measures against natural ha-

zards, especially earthquake on the 

NAFZ prior to natural disasters. They 

tested the system on the NAFZ in 

Erbaa city of Tokat province of Tur-

key. The created system performs 

processes such as determination of 

the risk for the city, taking the mea-

sures for probable dangerous earth-

quakes. They concluded that Erbaa 

is one of the riskiest cities on the 

NAFZ. However, any quiescence 

anomalies are not observed in the 

Erbaa region (region B in Fig. 1a)

______

in this analysis.

A quantitative appraisal of earthquake hazard parameters 

using Gumbel’s first asymptotic distribution for different regi-

ons in and around Turkey was made by Öztürk et al. (2008). 

They prepared a uniform catalogue of M  between 1900 and S

2005. They calculated the mean return periods, the most pro-

bable magnitude and the probability of earthquake occurrence 

for a given magnitude in a time period of 10, 25, 50 and 100 

years for different 24 regions in and around Turkey. Öztürk et 

al. (2008) found that the mean return period value for M ≥5.5 S

in region 20 covering the MNAFZ is equal to 11.22± 0.39 years. 

In addition, the probability of occurrence is equal to 60 percent 

in the next 10 years for the earthquakes with this magnitude le-

vel in region 1 according to their study. The last event of magni-

tude M ≥5.5 occurred in 1999 (see D

Table 2) in the MNAFZ. Thus, the 

next time with a probability of 60% 

for that size of earthquakes can be 

considered as 2010 in the MNAFZ. 

For the ANAFZ, the mean return 

period for M ≥5.5 is calculated as S

6.24±1.52 years and the probability 

of occurrence for the earthquakes 

in this magnitude range is compu-

ted as 80 percent for the next 10 

years by Öztürk et al. (2008). The 

last event with magnitude M ≥5.5 D

occurred in 2000 in the ANAFZ. 

The next time with a probability of 

80% for that size of earthquakes 

can be considered as 2006 in the

ANAFZ. Thus, the return periods have been exceeded for this 

size of main shocks. However, the mean return period for M ≥S

6.0 is found as 11.48± 1.59 years in the ANAFZ by Öztürk et 

al. (2008). Also, the probability of occurrence for this magni-

tude size is computed as 58%. Considering this magnitude 

range, the next time with a probability of 58% for M ≥6.0 can D

be considered as 2011 in the ANAFZ. In the ENAFZ, the mean 

return period for the earthquakes with M ≥5.5 is indicated by S

Öztürk et al. (2008) with a value of 7.50±0.09 years, and they 

estimated the probability of occurrence for the earthquakes 

having the same size as 74% in the next 10 years. The last 

event with magnitude M ≥5.5 occurred in 2005 in the ENAFZ. D

So, the next time with a probability of 58% for this magnitude



generally observed in and around historical main shock re-

gions. In the MNAFZ (region 1), two seismic quiescence ano-

malies (in region C and D) are observed around the rupture 

areas of 1912 and 1999. As stated above, the anomaly obser-

ved in Black Sea (region B), or the other regions that have no 

fault system, can be interpreted as false alarms. In the ANAFZ 

(region 2), while one of the quiescence areas (region E) is found 

around 1999 Düzce earthquake region, the second quiescence 

area (region F) is observed around 1996 and 1997 earthquake 

regions. In the ENAFZ, two seismic quiescence regions are 

related with the rupture areas between 1949 and 1992. Thus, 

it can be said that the connection of past earthquakes with 

seismic quiescence for predicting future earthquakes can help 

a better interpretation.

Based on these previous studies, it seems now possible to 

predict some, if not all, of the major earthquakes several years 

prior to the main shock by monitoring the seismicity rate. Un-

fortunately, almost all precursory seismicity rate changes were 

identified not before but after the main shock. The present 

work detects precursory seismicity anomalies and identifies 

them as possible precursors to a main shock before the occur-

rence of the main events. This provides an experiment in in-

________________________________
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Figure 10: Cumulative number and Z-value plots versus time for the anomaly areas detected in 

in the Anatolian part of North Anatolian Fault Zone in Figure 9 for (a) region E, (b) region F.________

termediate-term earthquake predic-

tion in the NAFZ. The conclusions 

in our study are in accordance with 

the results in the studies for the 

NAFZ by the authors mentioned 

above. Also, four strong earthqua-

kes have occurred in these areas in 

recent years. The first of them was 

08 March, 2010 Elazığ earthquake, 

which was observed in region H 

and the second one was 03 Novem-

ber, 2010 Çanakkale (Saros Gulf) 

earthquake, observed in region D.

The third was the 22 September,

2011 Erzincan earthquake, which 

was observed around region G and 

the fourth one was 07 June, 2012 

Marmara Ereğlisi (Tekirdağ), which 

is observed in the vicinity of region 

A. Thus, anomalies of spatial and 

temporal variation on seismicity rates 

where the seismic quiescence is ob-

served can be regarded as indica-

tors of the next earthquake proces-

ses in the NAFZ between 2010 and 

2012.

In this study, a detailed statistical 

analysis is made to investigate the 

spatial and temporal variations of 

seismicity patterns along the North 

Anatolian Fault Zone. For this pur-

________________________

7. Conclusions

level can be considered as 2012 in the ENAFZ.

As shown in Figure 2, the Anatolian Block moves the west 

and south along the NAFZ and the EAFZ. The earthquakes 

migrate westward since 1939, and the surface ruptures cau-

sed by the earthquakes consist of many segments along the 

NAFZ (Langridge et al., 2002). While the 1912 Marmara earth-

quake produced 90 km surface rupture, the 1939 Erzincan 

earthquake produced 350 km surface rupture, the 1942 Erbaa-

Niksar (Tokat) earthquake 50 km, the 1943 Tosya earthquake 

265 km, the 1944 Gerede (Bolu) earthquake 180 km, the 1949

Elmalıdere (Bingöl) earthquake 76 km, the 1951 Kurşunlu (Çan-

kırı) earthquake 49 km, the 1957 Abant (Bolu) 40 km, the 1966 

Varto-Üstükran (Muş) earthquake 38 km, the 1967 Mudurnu 

(Bolu) earthquake 80 km, the 1971 Bingöl earthquake 38 km, 

the 1992 Erzincan earthquake 30 km, the 1999 Izmit earth-

quake 200 km and the 1999 Düzce earthquake 41 km. Since 

the study period covers the time interval between 1970 and 

2009, the epicenters of earthquakes before 1970 were not 

included. As discussed above, many authors used different 

statistical methods to characterize the seismic hazard or risk

for different parts of the NAFZ. As seen in Z-value maps for 

all parts of the fault zone, seismic quiescence anomalies are

___________
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Figure 11: Spatial variability of Z-value for the Eastern part of the North Anatolian Fault Zone in 

the beginning of 2009 with T  (iwl)=5.5 years. Calculations are made by using the declustered earth-W

quakes with  2.9 for this region.M ≥D _____________________________________________________

Figure 12: Cumulative number and Z-value plots versus time for the anomaly areas detected in 

in the Eastern part of North Anatolian Fault Zone in Figure 11 for (a) region G, (b) region H.________

pose, we focuse on the detection of 

the seismic quiescence situation in 

the beginning of 2009 at the fault 

zone. In the analyses, 16,295 crus-

tal earthquakes of magnitude equal 

and greater than 1.4, with depths 

less than 70 km are obtained. The 

final catalogue is complete for whole 

study period and for all magnitude 

levels and homogeneous for dura-

tion magnitude.

The b-values for all regions are 

close to 1 and typical for earthquake 

catalogues. The Reasenberg algor-

ithm is used to separate the depen-

dent events and the earthquake ca-

talogues for all regions are declus-

tered for Z-value calculations. There 

are eight regions showing the cur-

rent seismic quiescence on the North 

Anatolian Fault Zone in the begin-

ning of 2009. On the Marmara part 

of the North Anatolian Fault Zone, 

three anomalies are found centered 

at 41.08ºN-28.58ºE (around Silivri), 

41.47ºN-29.51ºE (in the Black Sea), 

40.69ºN-29.78ºE (including Izmit) 

and 40.26ºN-26.46ºE (around Çan-

akale, Saros Gulf). The other two 

quiescence areas are found cente-

red at 40.59ºN-31.03ºE (including 

Düzce fault) and 40.86ºN-35.30ºE 

(around Amasya) on the Anatolian 

part of the North Anatolian Fault 

Zone. The rest of the quiescence

anomalies are situated at 39.48º

N-39.74ºE (around Erzincan) and 

39.06ºN-40.50ºE (including Elazığ 

and Bingöl) on the Eastern part of 

the North Anatolian Fault Zone. 

These areas of seismic quiescence 

recently observed and starting in the 

beginning of 2005 in eight aforemen-

tioned regions can be considered as 

the most significant.

The last earthquakes “MW=6.0-

Elazığ earthquake, 2010 March 08, 

MW=5.2-Çanakkale (Saros Gulf) 

earthquake, 2010 November 03, 

MW=5.5-Erzincan earthquake, 2011 

September 22 and MW=5.1- Marma-

ra Ereğlisi (Tekirdağ), 2012 June 07” 

occurred where the seismic quies-

cence is observed among the inves-

tigated areas and an outstanding

________________

_____________
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seismic quiescence before these main shocks is observed. For 

this reason, organizations of such kind of spatial and temporal 

analysis of seismicity can be inferred as one of the symptomatic 

seismicity patterns for the “seismic quiescence” phenomenon 

before strong earthquakes in the NAFZ.
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