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1. INTRODUCTION 
 

The Armutlu Peninsula is positioned in the high pop-
ulated and industrialized Middle Marmara Region, be-
tween northern and middle branches of the North 
Anatolian Fault Zone (NAFZ), one of the active fault 
zones in Turkey. The expected large Istanbul earthquake 
have led to researches in and around the peninsula. In-
vestigating the seismic wave attenuation is important in 
order to determine the medium structure of the region. 

The energy of seismic waves decreases while propa-
gating through the anelastic and heterogenic medium 
due to intrinsic attenuation, geometrical spreading and 
multipathing [Stein and Wysession, 2009]. The dimen-
sionless quality factor-Q characterizes the decay rate of 
the seismic waves [Knopoff and MacDonald, 1958]. After 
the arrival of direct-S wave phase, the tail of a seismo-
gram can be identified as coda wave generated by scat-
tered waves within the lithosphere. The frequency 
dependent coda wave quality factor, Qc, is a measure of 
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ABSTRACT 
 

The Armutlu Peninsula, is located in a geologically complex system on the North Anatolian Fault Zone and inside the high populated Mar-

mara Region. Due to its location and importance, the Marmara Region has been subject to various studies in the past; now, this study is aimed 

to determine the local attenuation characteristic of the Armutlu Peninsula. In this study, 75 earthquake data that were recorded between 2013-

2014, were analyzed by 9 seismic stations. The magnitudes (Ml) and the focal depths of the earthquakes vary from 1.5 to 3.3 and 0.9 to 16.9 

km, respectively. A single back-scattering model was used for calculation of the coda wave quality factor. The lapse times were determined 

between 20 and 40 s at intervals of 5 s and they were filtered at central frequencies of 1.5, 3, 6, 9 and 12 Hz band-pass designed filter. Min-

imum 5 signal/noise ratio and 0.7 correlation coefficient data used to obtain reliable results. The CODAQ subroutine integrated in the SEISAN 

software was used for data processing. For each station, low values of the quality factor at 1 Hz (Qo) and high values of the frequency de-

pendent parameter (n) were determined. In the Armutlu Peninsula and its surroundings, Qc=51f0.91 for 20 s and Qc=112f0.72 for 40 s window 

lengths were calculated by using 9 stations. There is a tendency between increasing Qo and decreasing n parameters. Otherwise, for station 

TRML, located near the geothermal hotspot, these parameters are in direct proportion with each other, as Qc=46f0.97 for 20 s and Qc=74f1.06 

for 40 s window lengths. These parameter changes are directly connected with the geothermal activity.



the rate of coda wave attenuation [Aki, 1969]. Local/re-
gional recorded coda waves (up to 100 km epicentral dis-
tance) and their power spectra as well as coda duration 
are relatively independent from the focal distance [Aki 
and Chouet, 1975]. Qc determination studies are gener-
ally performed in tectonically active fields, active volcanic 
regions, earthquake swarm areas, magmatic flows and ge-
othermal areas [Del Pezzo et al., 2006; Mohamed et al., 
2010; Dobrynina, 2011; Dasovi et al., 2013; Akinci et al., 
2014; Akyol, 2015; Hasemi et al., 2015; Bachura and Fis-
cher, 2016; Prudencio et al., 2017]. 

Focusing on the previous literature studies; on the 
Eastern Marmara region, Qc=115f0.90 was calculated for 
25 s coda window length [Barış et al., 1992]. In and 
around Bursa (southern side of the Peninsula), Akyol et al. 
[2002] obtained Qs=46.59f0.67 with using accelerometers. 
Qc=(41±1.07)f(1.08±0.03) was determined for a 50 s win-
dow length in the whole Marmara Region [Horasan et al., 
1998]. On the Marmara Region, Kaşlılar-Özcan [1999] 
obtained Qc=(26±1.09)f(1.18±0.04) for a 40 s window 
length. The studies of S wave attenuation in the whole 
Marmara Sea and the Middle-East Marmara Region pro-
vided Qs=(40±5)f(1.03±0.06) and Qs=(54±18)f(1.05±0.19), re-
spectively [Horasan and Boztepe-Güney, 2004]. For the 
Adapazarı-Yalova line (in and western side of the Penin-
sula) and Marmara Sea-Saros Bay line (eastern side of 
the Peninsula), average Qc=(280±28)f(0.79±0.021) and 
Qc=(252±26)f(0.81±0.022) from 20, 30 and 40 s lapse times 
were derived, respectively [Sertcelik and Guleroglu, 
2017]. Preliminary results of this study were obtained 
by Yavuz et al. [2016]. 

In this study, a detailed local coda wave quality factor 
determination for the Armutlu Peninsula and its vicinity 
was obtained for the first time. 
 

2. TECTONIC AND GEOLOGICAL STRUCTURE OF 
THE ARMUTLU PENINSULA 
 
The Marmara Region, which has the highest popula-

tion density and industrialization in the country, is lo-
cated in northwestern Turkey. The Armutlu Peninsula is in 
the central part of the Marmara Region and it still con-
tinues to receive migration from other cities. 

The dextral NAFZ is one of the significant fault system 
in Turkey. The tectonic structure of Armutlu Peninsula is 
controlled by the western realm of this fault zone. 24±1 
mm/yr movement of the main fault system and its strands 
generate the crackled inner-structure and complex crustal 
regime [Reilinger et al., 1997, 2006; McClusky et al., 
2003]. This feature produces micro-seismic events in and 
around the peninsula (Figure 1). 

The August 17, 1999 Kocaeli (Mw=7.4) and the No-
vember 12, 1999 Düzce (Mw=7.2) earthquakes occurred 
very close to the eastern part of the peninsula and they 
disastrously affected east and middle parts of the Mar-
mara Region [Erdik, 2001]. After these large right lateral 
strike-slip mechanism earthquakes, some moderate shakes 
(the 2016 Gemlik earthquake – Mw=5.2  is the largest 
one) were recorded on the peninsula and influenced the 
local people. A major earthquake has not been recorded 
in the last century along the southern segment of the 
peninsula [Caka, 2012]. 

The Armutlu Peninsula which is located between two 
branches of NAFZ, consists of Lower Paleozoic-Upper Cre-
taceous metamorphic rocks and Paleozoic aged slightly 
metamorphosed rocks as basement. Those rocks are overlaid 
by Upper Cretaceous-Eocene volcanic and sedimentary 
rocks. A granite emplacement occurred in Middle Eocene 
and from Miocene to present day aged sedimentary rocks 
covers the whole northern part of the peninsula [Yilmaz et 
al., 1995]. 

The geothermal activity is presumedly under controlled 
by NAFZ and geothermal sources are widely spread over the 
peninsula. The hottest point, Termal, is located on the 
northern realm of the peninsula and its average temperature 
is 60-70oC; otherwise along the southern part, the thermal 
regions have 20-30oC water temperature [Eisenlohr, 1997] 
(Figure 1). The seismic activity of the region is associated 
with both fault systems and the geothermal activity. E.g. in 
2014, the Termal geothermal reservoir caused a seismic 
swarm [KOERI press release, 2015; Yavuz et al., 2015]. 
 

3. METHOD 
 
Coda waves that are generated by local earthquakes 

can be interpreted as backscattered S waves from the het-
erogeneities of Earth’s crust and upper mantle. Aki and 
Chouet [1975] developed the theory of the single back-
scattering model and in this study this model was used for 
estimation of coda wave quality factor (Qc). The coda 
wave amplitude decay can be defined as a function of 
time, t, and frequency, f, as 

 
𝐴(𝑓,𝑡)=𝑐(𝑓)𝑡–α exp(–π𝑓𝑡⁄𝑄𝑐) (1) 

 
where A(f,t) is the coda wave amplitude filtered at a spe-
cific central frequency (f); t is the lapse time, Qc is the 
coda wave quality factor, c is the source function at fre-
quency (f) and α is the geometrical spreading factor that 
is here chosen equal to 1 for body waves [Sato and Fehler, 
1998]. Considering α=1 and taking a logarithm of Equa-
tion 1, we obtain 
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ln[𝐴(𝑓,𝑡)]=ln 𝑐(𝑓) – ln(𝑡) –π𝑓𝑡⁄𝑄𝑐(𝑓) (2) 

 
Regarding the ray paths that propagate from each 

scattered heterogeneity, the frequency dependent coda 
wave quality factor can be calculated from the slope 
π𝑓⁄𝑄𝑐 

The general dependence of Qc on f can be described as 
 
𝑄𝑐(𝑓)=𝑄𝑜[𝑓/𝑓𝑜]𝑛 (3) 
 
where, Qo is the value of Qc at 1 Hz, fo is the reference fre-
quency, here assumed as 1 Hz and n is the frequency de-
pendence parameter. The Qo and n values represent the 
general geological structure of the region. Low values of 
Qo (<200) characterize the region with high tectonic ac-
tivity; otherwise, high values of Qo (>600) describe stable 
seismic activity [Aki and Chouet, 1975; Mak et al., 2004; 
Sertçelik, 2012]. At the same time, if n is higher than 0.8, 

the crust and upper mantle are tectonically active; while 
n values lower than 0.5, characterize an inactive region 
[Atkinson, 2004; Dasovic et al., 2012; Ranasinghe et al., 
2014; Dobrynina et al., 2017; Banerjee and Kumar, 2017]. 

 

4. DATA AND PROCESS 
 
The ARmutlu NETwork (ARNET) was installed at the end 

of 2005 with currently 27 active seismic stations operating 
by Kocaeli University Earth and Space Sciences Research 
Center and Helmholtz-Zentrum Potsdam DeutschesGeo-
ForschungsZentrum (GFZ) [Tunç et al., 2011]. To determine 
attenuation features, 75 earthquake data recorded by 9 
ARNET three components seismic stations (Table 1) be-
tween 2013-2014 are used (Figure 2). The sampling rate 
for all stations is set as 100 samples per second. The local 
magnitude range of the events is from 1.5 to 3.3 and the 
depths are between 0.9-16.9 km (Appendix 1). The events 

3

FIGURE 1. The tectonic features of the middle and eastern Marmara Region and its seismic activity in last two decades. Red lines 
indicate the North Anatolian Fault Zone, its branches and the micro−fractures [Eisenlohr 1997; Kuşçu et al. 2009; Pınar 
et al. 2003; Caka 2012].
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are located within 0.6-75.6 km epicentral distances; how-
ever, the majority of the distances distributes within 40 km. 

The first locations of the earthquakes were determined 
by using the SEISAN software [Havskov and Ottemoller, 
1999] with the HYPOCENTER algorithm. To this aim, all 
ARNET stations and the Özalaybey et al. [2002] 1-D ve-
locity model are used (Table 2). Minimum five azimuthally 
well-distributed stations and up to 0.5 root mean square 
(RMS) values are the criteria used for obtaining first lo-
cations.  

Higher than 5 signal-to-noise ratio (S/N) of the seis-
mograms allow us to obtain reasonable Qc calculations 
[Ottemoller et al., 2014]. The elimination of direct S-wave 
phases is important to determine the beginning of the 
coda wave [Rautian and Khalturin, 1978]. The start of the 
coda (tstart) as measured from the origin time should be 
placed at 1.5, 2 or 2.5 time the S-wave travel time (ts) 
[Havskov et al., 1989]. It is called the lapse time. 2ts is 
generally acceptable for local earthquakes [Spudich and 
Bostwick, 1987; Mukhopadhyay et al., 2010] and we de-
cided to assume tstart =2ts for all seismograms analyzed in 
the present study. Minimum 20 s coda window length is 
acceptable while larger windows could be served for more 
stabilized solutions [Gupta et al., 2012; Ottemoller et al., 
2014]. According to the epicentral distances and magni-
tude of earthquakes, we have tried longer window lengths 
with 5 s step increases, but smaller than 40 s in order to 
analyze a sufficient number of data with ≥5 S/N ratio [Ot-

temoller et al., 2014; personal communication with Lars 
Ottemoller, 2015].  

The overall variation of the Qc in different frequencies 
is an important indication of the heterogeneity of the 
medium [Calvet and Margerin, 2013]. All coda records were 
band-pass filtered with 1.5, 3, 6, 9, 12 Hz central frequen-
cies. The bandwidth of each central frequency fc is crucial 
to get an equal amount of energy. All designed filters 
should have the same value (fh-fl)/fc; where fh and fl are 
the high corner and low corner frequencies, respectively 
[Aki and Richards, 2002; Ottemoller et al., 2014]. The fil-
ters are designed with the following central frequency (cor-
responding bandwidth) values: 1.5 Hz (1-2), 3 Hz (2-4), 6 
Hz (4-8), 9 Hz (6-12) and 12 Hz (8-16). The purpose of 
using a central frequency as 1.5 Hz is to prevent the loss 
of long-period waves that can be recorded at distant sta-
tions; but, 12 Hz is also required to consider short-period 
waves that will be seen in the stations at close epicentral 
distances. 

In order to calculate the quality factor, the CODAQ sub-
routine contained in the SEISAN software package was 
used [Havskov and Ottemoller, 1999]. Both the three com-
ponents recorded at each station and their average were 
chosen for Qc calculation, assuming a minimum correla-
tion coefficient of 0.7 [personal communication with Lars 
Ottemoller, 2015]. As an example, in Figure 3, the coda 
wave analysis obtained from the SEISAN software for a ver-
tical component at station AVDN is shown. 

Station code Station Location Sensor and type Latitude (oN) Longitude (oE) Elevation (m)

ALTN Altintas/Bursa CMG-40T / BB 40.35783 28.96383 30

AVDN Avdancik/Bursa CMG-40T / BB 40.29327 29.16459 476

DLMC Delmece/Yalova L-4C / SP 40.56256 29.00388 728

HYDR Haydariye/Bursa L-4C / SP 40.51317 29.12700 390

KRSK Karsak/Bursa CMG-3TDE / BB 40.40500 29.25817 170

SDSN Sudusen/Yalova L-4C / SP 40.57531 29.14996 204

SLMY Selimiye/Yalova CMG-3TDE / BB 40.51757 28.98584 460

TRML Termal/Yalova L-4C / SP 40.60950 29.17350 204

TSVK Tesvikiye/Yalova CMG-40T / BB 40.62667 29.08733 70

TABLE 1. The information of seismic stations of ARNET that are used for coda wave attenuation analysis. Abbreviations; BB: broad-
band, SP: short-period.
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Depth (km) Vp (km/s) Vs (km/s)

0.0 2.90 1.68

1.0 5.70 3.29

6.0 6.10 3.53

20.0 6.80 3.93

33.0 8.05 4.65

TABLE 2. 1-D velocity model for locating earthquakes in the study area [Özalaybey et al. 2002]. 

FIGURE 2. Map of the studied area. Red circles and blue triangles depict the epicenters of the earthquakes and seismic stations, re−
spectively. White lines are the minimum−distance paths between epicenter and seismic station that are recorded. The or−
ange rectangle indicates the study area.



5. RESULTS AND DISCUSSION 
 

In the computation of the quality factor for the inves-
tigated area, the stations’ location and the distributions of 
the earthquakes are important parameters. These parame-
ters refer to the ray path, followed by the earthquake waves 
that depend on the physical structure of the crust through 
which they travel and the energy loss due to friction, poros-
ity, fluid content, etc. [Barton, 2007].  

Qo and n values at different time window lengths for 
each station were determined (Table 3). The Qc values vari-
ation with different lapse time windows and frequencies 
was calculated for each stations and also all stations to-
gether (Figure 4).  

Each station exhibits relatively low values of quality fac-
tor (Q) and high n values. These values are comparable to 
the ones evaluated in other regions with high tectonic ac-
tivity such as Aswan Reservoir area Egypt [Mohamed et al., 
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FIGURE 3. Example of coda wave analysis with different central frequencies on the vertical (Z) component of station AVDN for the 
16.05.2014 15:17:40 earthquake. The red curves indicate the coda wave decay slopes. Abbreviations; H: focal depth (km), 
M: magnitude (Ml), TP: P wave travel time, TC: start time of coda window relative to origin time, WIN: coda window 
length (s), START: start time in coda window in terms of S travel times, F: central frequency (Hz), Q: average quality 
factor, CO: correlation coefficient and S/N: signal/noise ratio. The origin time, the beginning and the end of the coda 
window are marked by green arrows.



2010], Saurashtra Region Gujarat (India) [Sharma et al., 
2012], Kumaun Himalaya [Singh et al., 2012], Baikal Rift 
System [Dobrynina et al., 2016], Northwestern Himalayan 
(India) Region [Kumar et al., 2016], Northern Morocco 
[Boulanouar et al., 2018]. Then our results suggest that the 
Armutlu Peninsula has high tectonic and seismic activity. 

The stations ALTN, AVDN and KRSK are located in the 

southern side of the peninsula, northern part of Bursa 
and so close to the middle and southern branch of the 
North Anatolian Fault Zone. Hence the Qo and n values 
are conformable with each other due to the fact that the 
coda waves arriving at very close stations spread from 
similar scatters in the region. The low Qo values could in-
dicate the plate movements on the NAFZ. 
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TABLE 3. The Qo and n values variation with different time window lengths for each station. Abbreviations; N: number of data, σ: stan-
dard deviation. 

Window 
Length (s)

ALTN AVDN DLMC

Qo±σ n±σ N Qo±σ n±σ N Qo±σ n±σ N

20 54±5 0.94±0.04 237 54±8 0.90±0.06 327 55±2 0.85±0.02 242

25 68±8 0.89±0.06 204 64±9 0.86±0.06 255 67±3 0.78±0.02 207

30 95±9 0.79±0.05 168 79±12 0.81±0.07 199 88±5 0.71±0.03 172

35 112±8 0.74±0.04 137 89±12 0.79±0.07 143 104±8 0.68±0.04 147

40 126±18 0.75±0.07 105 119±22 0.70±0.09 105 129±22 0.63±0.08 116

Window 
Length (s)

HYDR KRSK SDSN

Qo±σ n±σ N Qo±σ n±σ N Qo±σ n±σ N

20 47±2 0.96±0.02 358 53±8 0.89±0.07 319 46±6 0.91±0.06 157

25 53±5 0.91±0.04 315 69±9 0.83±0.06 243 52±9 0.89±0.07 137

30 64±6 0.85±0.04 269 79±16 0.80±0.09 195 79±9 0.74±0.05 109

35 81±10 0.80±0.06 225 92±23 0.78±0.11 130 100±15 0.69±0.07 97

40 101±9 0.74±0.04 177 111±29 0.75±0.12 98 123±21 0.65±0.08 62

Window 
Length (s)

SLMY TRML TSVK

Qo±σ n±σ N Qo±σ n±σ N Qo±σ n±σ N

20 64±5 0.82±0.04 196 46±3 0.97±0.04 137 48±8 0.94±0.07 181

25 74±9 0.76±0.06 165 51±3 1.03±0.04 123 62±6 0.88±0.05 131

30 86±12 0.74±0.06 138 61±6 1.03±0.06 90 70±8 0.87±0.05 85

35 106±11 0.69±0.05 129 71±6 1.02±0.06 64 79±11 0.84±0.07 48

40 110±9 0.67±0.04 110 74±6 1.06±0.05 45 118±9 0.70±0.04 37



YAVUZ ET AL.

8

FIGURE 4. The Qc values alteration with increasing lapse time windows and different central frequencies for each station and all 
stations together.



The stations located inside the peninsula, except the 
station TRML, reveal a proportional trend between Qo and 
lapse times. These values suggest the region is dominated 
by local faults and fractures due to the connectivity be-
tween the north and middle branches of the NAFZ. For 
instance, in the Kopili Fault Zone (India), the coda Q 
study performed by Bora et al. [2018] demonstrates that 
the seismic activity is in correlation with the low values of 
coda wave decay. Additionally, in NW Himalayan Region, 
Kumar et al. [2005] evaluated low Qo values through the 
whole main boundary thrusts and other fault segments. 

The Termal district of Yalova, which has a geothermal 
spot inside the peninsula, houses the station TRML that 
works very close to this source. The obtained Qo values of 
station TRML are lower in comparison with the other sta-
tions. According to the 20 to 40 s time windows, the Qo 
values are increasing from 46 to 74 and the n values are 
also rising from 0.97 to 1.06. Naghavi et al. [2017] ob-
tained high attenuation for the region with thermal 
springs and volcanic structure in North West of Iranian 
plateau. Canas et al. [1995] found low Qo values near the 
Canary Islands that have high magmatic activity. 

Seismic waves attenuate due to the scatters caused by 
heterogeneities or an intrinsic phenomenon attributed to 
the anelastic behavior of the medium through which they 
propagate. Intrinsic attenuation is very sensitive to the 
physical condition of the underlying medium, while scat-
tering attenuation indicates the degree of heterogeneity 
[Dainty, 1981; Sato and Sacks, 1989]. The scattering char-
acteristic could express heterogeneities of the NAFZ and 
micro-fractures; otherwise, the intrinsic effect may be the 
dominant one for a geothermal region. 

After determining the individual quality factor for each 
station, a single calculation was performed for all sta-

tions. It identifies an average attenuation characteristic 
for the Armutlu Peninsula and its vicinity. The number of 
high-quality data is low on long-periodic waves, such as 
1.5 Hz central frequency, and increasing lapse times 
owing to the localized area of study. Hence, more reliable 
and useful results could be obtained from lower lapse 
times and higher frequency content data. These two pa-
rameters affect the standard deviation value directly 
(Table 4).  

From Table 5 results the coda wave attenuation can 
be estimated as Qc=(51±4)f(0.91±0.04) for 20 s lapse time 
through 2154 number of data. This function could be 
identified as the general attenuation law of the Armutlu 
Peninsula and its surroundings. Also, it is in a correla-
tion with individual quality factor calculations for each 
station. 
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Window 
Length (s)

1.5 Hz 
(1-2) 
Qc±σ

N
3 Hz 
(2-4) 
Qc±σ

N
6 Hz 
(4-8) 
Qc±σ

N
9 Hz 

(6-12) 
Qc±σ

N
12 Hz 
(8-16) 
Qc±σ

N

20 83±40 146 153±55 358 302±97 458 427±132 449 540±171 425

25 94±45 116 178±69 313 336±115 403 461±154 403 553±164 352

30 115±55 85 208±83 268 382±132 370 493±143 329 580±152 267

35 128±63 59 240±86 241 412±115 319 527±143 264 615±149 187

40 141±62 43 288±97 199 454±124 254 563±143 210 662±165 123

TABLE 4. The Qc values alteration with lapse times and different central frequencies with using all stations. Abbreviations; N: number 
of data, σ: standard deviation. 

TABLE 5. The Qo and n values variation for all stations together. 
Abbreviations; N: number of data, σ: standard deviation. 

Window 
Length (s)

All Stations

Qo±σ n±σ N

20 51±4 0.91±0.04 2154

25 62±5 0.86±0.04 1170

30 77±7 0.80±0.04 1425

35 92±9 0.76±0.05 1120

40 112±13 0.72±0.06 855



The attenuation rate difference between eastern and 
western side of the peninsula attracts the attention (Table 
3). Each side is exposed to a different extension regime. 
It is known that both thermal sources and local fractures 
are dominant in the west [personal communication with 
A.M. Celal Şengör, 2018]. The sharp variation of Qo val-
ues is interpreted as the result of different inner struc-
tures which diversify according to the rarity of local 
micro-fractures and faults at the eastern side, on the con-
trary of the western side. According to increasing time 
window lengths, it is determined that the inner structures 
of the regions, except for the thermal area, resembles each 
other. We can interpret these results considering that 

structural deformation is dominant near the surface be-
cause of the local faults, while it is reduced as well as 
medium heterogeneity at larger depth. 

Among the earlier studies on the neighboring areas of 
Turkey, Eck [1988] found Qo=65±5 and n=1.05±0.04 for 
up to 60 s lapse time in Dead Sea Region around Israel;  
Hatzidimitriou [1993] calculated Qo and n values as 33 
and 1.01, respectively for 10 to 20 s lapse time windows 
in Northern Greece; Ma’hood and Hamzehloo [2009] ob-
tained Qc=(101±6)f(0.94±0.11) for 30 s in East Central Iran; 
before and after 2006 Darb-e Astane Earthquake (M=6.1) 
that located in Southwestern Iran, Qc=(121±55)f(0.97±0.26) 
for aftershocks and Qc=(144±24)f(0.42±0.23) for foreshocks 
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Window 
Length (s)

Qo±σ n±σ Area Reference

25 115 0.90 Eastern Marmara Region Barış et al. (1992)

- Qs=46.59f0.97 Bursa Akyol et al. (2002)

50 41±1.07 1.08±0.03 Marmara Region Horasan et al. (1998)

40 26±1.09 1.18±0.04 Marmara Region Kaşlılar-Özcan (1999)

- Qs=40±5f(1.03±0.06) Marmara Sea
Horasan and  

Boztepe-Güney (2004)

- Qs=54±18f(1.05±0.19) Middle-East  
Marmara Region

Horasan and  
Boztepe-Güney (2004)

20-40 280±28 0.79±0.021 Adapazarı-Yalova line
Sertcelik and  

Guleroglu (2017)

20-40 252±26 0.81±0.022 Marmara Sea-Saros Bay line
Sertcelik and  

Guleroglu (2017)

<60 65±5 1.05±0.04 Dead Sea Region Eck (1988)

10-20 33 1.01 Northern Greece Hatzidimitriou (1993)

30 101±6 0.94±0.11 East Central Iran
Ma'hood and  

Hamzehloo (2009)

25 121±55 0.97±0.26 Southwestern Iran
Rahimi and  

Hamzehloo (2008)

- 79±2 1.07±0.08 Central Iran Rahimi et al. (2010)

- 126 1.05 Israel
Meirova and  
Pinsky (2004)

20 51±4 0.91±0.04 Armutlu Peninsula This study

TABLE 6. Q studies in the Marmara Region and the neighbors of Turkey.



at 25 s were calculated by Rahimi and Hamzehloo [2008]; 
the average frequency relation for Central Iran was de-
termined as Qc=(79±2)f(1.07±0.08) by Rahimi et al. [2010]; 
a regional Qc=126f1.05 relation was approximated by 
Meirova and Pinsky [2004] based on S wave coda decay 
rate for Israel.  

The discrepancies between the present results and 
those ones obtained in previous studies of Marmara Re-
gion reported in “Introduction” section and in Table 6 
might be due to the differences in the considered window 
lengths and kind of quality factor vary from one author 
to another [Barış et al., 1992; Horasan et al., 1998; 
Kaşlılar-Özcan, 1999; Akyol et al., 2002; Horasan and 
Boztepe-Güney, 2004; Sertcelik and Guleroglu, 2017]. 
Generally, most of the studies demonstrate <200 of Q val-
ues and this suggest an active tectonic settings. 

 

6. CONCLUSION 
 

In and around the Armutlu Peninsula, nine seismic 
stations from the ARmutlu NETwork (ARNET) were used 
to estimate the quality factor (Q) through a single back-
scattering model with 75 earthquake data that were 
recorded between 2013-2014. The values of Qo and n 
expressing the frequency dependence of the quality fac-
tor vary from 51 to 112 and 0.91 to 0.72 for 20 and 40 
s lapse times, respectively. These variations indicate a 
highly complex and tectonically active medium in agree-
ment with the presence of the NAFZ and widespread 
micro-fractures in the study. In this localized area, the 
general coda wave quality factor relation results as 
Qc=(51±4)f(0.91±0.04) for 20 s lapse time. This function is 
indicative of the general attenuation characteristic of 
the region. 

The geothermal activity around the station TRML is 
remarkably recognized in this study. The Qo and n val-
ues vary from 46 to 74 and 0.97 to 1.06 for 20 and 40 
s lapse times, respectively. The direct proportion of Qo 
and n values is in agreement with the presence of ther-
mal springs and thermal fluidity even depth. 

The quality factor results obtained in this study sug-
gest dominant and active tectonics for the region in 
agreement with the presence of the NAFZ, local frac-
tures and thermal sources. 
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