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ANALYSIS OF DENiZLi EARTHQUAKES ACCORDING TO THEIR ACTIVITY AND
CUMULATIVE ACTIVITY TERMS

Mehmet UTKU*

ABSTRACT.- In this study spatial behavior of local earthquake activity regime of Denizli and its surrounding
areas, outlined by the coordinates (37.26-38.30N; 28.39-29.75E), has been investigated. It has not been met
an earthquake of magnitude 7.0 and greater in the region having historical earthquake records since 60 AD.
According to earthquake databank of Bogazici University Kandilli Observatory and Earthquake Research
Institute, 1485 earthquakes of magnitude M3.0 have occurred in the region until December 31, 2006. During
the instrumental period starting with the year of 1900, two different earthquake activities of which one has a
more calm outlook probably due to lack of data, and the other one has a dense activity in the NW-SE direction,
have been observed. On the basis of both the most active years and the activity periods, it is shown that the
earthquake activity between 1971-2006 has occurred at the two ends of a fault zone in NW-SE direction and
by in succession. Although the faulting progress is not pure periodical process, it may be said that it shows an
activity in a specific order and periods. By this harmony, the next activity can be observed in the SE end of the
fault zone. The faults in the region may produce earthquakes with a magnitude equal to 6.7 (10=IX) or greater.
The earthquake activity in the region has 5 different subperiods. These subperiods are the processes showing
the changes in the seismic activity. From two analyses performed according to activity and cumulative activity
terms, it has been inferred that the subperiod of 1992-2001, which is termed as 4th activity term in this study,
is the most active term. The 5th activity term has still continued with the similar attributes as in the 4th activity
term. The earthquake activity in Denizli and its surroundings has a recurrence period of 24 years for a magni-
tude of 5.5 earthquake which is a destructive earthquake for Turkey. This regime has been very good example
of the earthquake phenomenon defined as a faulting progress.
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INTRODUCTION guency relation which is known as the
Gutenberg-Richter (1942) equation. In this
equation, a linear variation is observed which

expresses that the earthquake occurrence num-

Denizli is an important industrial city in
Turkey, a country of earthquakes, and it is one of

the essential arteries of the Western Anatolian
economy. The variations, which have some-
times been observed in earthquake activity
throughout historic and instrumental earthquake
history, have appeared on the agenda with a
striking and new activity particularly since the
end of 1999. With these characteristics, it is sim-
ilar to the Gulf Region, which was the scene of
Kocaeli earthquake (M,,=7.4) dated August 17,
1999 and Dizce earthquake (M,,=7.2) dated
November 12, 1999 in terms of its economic
location.

One of the important seismological indica-
tions of earthquake activity is the magnitude-fre-

ber decreases with magnitude. The slope of the
line (b value) and amplitude (a value) are relat-
ed to the earthquake activity of the region exam-
ined. It is observed from recent studies that b
value ranges between 0.2 and 2.5 (Guo and
Ogata, 1997; Utku, 2003; 2004). Furthermore,
various b values in any place at this interval and
b value intervals were discussed by being calcu-
lated between 0.8 and 1.2 by Evernden (1970),
as 0.95 for California earthquakes by Shi and
Bolt (1982), as 0.84 for the Swedish earth-
quakes by Bath (1983), between 0.5 and 1.5 by
Turcotte (1986) and as greater than 1.5 for the
Chinese earthquakes in the 1966-1969 period
by Wang (1994). The fact that this value is high
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is interpreted as lowness of stress (Urbancic et
al., 1992), high slip rate on the fault surface
(Wiemer and Katsumata, 1999; Sobiesiak,
2000), extensional regime (Frochlich and Davis,
1998), high pore liquid pressure (Gupta, 2002),
creep in fault zone (Amelung and King, 1997),
volcanic earthquake activities (Wyss et al,,
1997), high heat flow (Warren and Latham,
1970) and the effect of roughness on the fault
surface (Wiemer and Wyss, 1997; Oncel and
Wyss, 2000). The fact that b value has a tecton-
ic origin is accepted by many other researchers
(Miyamura, 1962; Allen et al., 1965; Scholz,
1968; Mogi, 1967; Hatzidimitriou et al, 1985;
Wang, 1988; Tsapanos, 1990; Mori and
Abercrombie, 1997; Olsson, 1999; Manakou
and Tsapanos, 2000). The a value, however,
relates to the frequency of earthquake occur-
rence in the region. Both parameters are affect-
ed by the areal width and examination duration
of the region examined.

Tabban (1970a) considered the distributions
of the occurrence and recurrence numbers of
earthquakes with intensities VII, VI, IX and X
between 1900 and 1964 as the basis and
formed the largest intensity zones for Turkey by
using them. On the empirical energy map, which
was prepared according to the earthquakes with
magnitudes ranging between 5.7 and 8.5 that
occurred between 1900 and 1969 by Tabban
(1970a), energy release for Denizli and its vicin-
ity ranged between 0.5x1024 and 4.0x1024 erg.
The a value of the Southwestern Anatolia, called
region Il in the study concerned which covered a
great majority of the Aegean Region and also
included Denizli by Tabban and Gencoglu
(1975), was calculated as 4.986 and 5.433 and
the b value as 0.616 and 0.640 by two different
methods such as the Least Squares and
Likelihood Calculation. These values are
according to the earthquakes with minimum
magnitude 4.3 between 1900 and 1970. In his
studies where he examined seismicity in Turkey,
Tabban (1970b) calculated the largest relative
displacements likely to be created by 27 earth-
gquakes with minimum magnitude 6.0 (M=6.0)
between 1900 and 1969 at specific distances

and, accordingly, found possible values for
Denizli ranging between 0.012 and 6.5 cm. The
total largest relative displacement at the time
interval considered by the researcher is around
55 cm in Denizli and its vicinity (Tabban, 1970a).
In his study where he used the earthquakes with
magnitudes equal to and greater than M=4.0
that occurred in and around Turkey between
1900 and 1971, Alptekin (1978) examined the
variation in magnitude-frequency equations and
deformation release for Turkey and its vicinity,
which he examined in 14 earthquake zones.
Accordingly, he stated that b values vary
between 0.93 and 0.56. He expressed that the
greatest deformation release was generated in
the eastern section of the North Anatolian Fault
Zone whereas the smallest deformations were
generated in the Eastern Anatolian Fault Zone,
the Middle Anatolia and Cyprus Arc Belt. In their
study on earthquake hazard in Turkey, Gencoglu
et al., (1990) gave the earthquake hazards of
provinces under the conditions of the year when
the study was conducted. Consequently, the
earthquake hazard in Denizli and in its towns
and villages are largely given as 1St degree
earthquake zone by considering 479 earth-
gquakes of equal to and greater than Mg=4.2
between 1881 and 1986, for which a catalogue
is provided.

Denizli and its vicinity are located in the east-
ern boundary of Blylk Menderes Graben, one
of the members of the largely-fractured tectonic
system of Western Anatolia. Western Anatolia is
a region, where current tectonism is developed
by graben- and horst-type structures and the
structures with lateral movement regulating
them and where the extensional regime seems
to be dominant. While discussing the tectonic
evolution of Gediz graben, one of the important
tectonic structures that direct the current tecton-
ism of Western Anatolia, Kogyigit et. al. (1999)
and Bozkurt and Sdzbilir (2004) dwell on an
extension developed in a period from the Late
Oligocene — Early Miocene to Quaternary period
or a two-step extension, the two steps being oro-
genic collapse and rifting. In their study in the
Menderes Massive, Zhu et al. (2006) describe
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that the region is under an extensional regime
with NNE-SSW direction as well as a dominant
compression regime with WNW-ESE direction
under the supervision of right-lateral Beyler
Fault, which borders in the west the Gediz
Graben in the north of the middle section of the
massive and Blylk Menderes Graben in its
south, and left-lateral Derbent Fault, which bor-
ders them in the east. Kogyigit (2005) explains
the evolution of Denizli graben-horst system
rather with an episodic evolution instead of with
a continuous tectonic development. According to
Kogyigit (2005), the strike-slip faults in the
region are the preparers of the second step
extension that began in the late Pliocene. In
their studies, where they examined the seismic-
ity of Western Anatolia by means of GPS meas-
urements, Aydan et al., (2000) point out that one
of the zones, where stress rates in the region
are concentrated, is Gediz-Denizli-Antalya line.
Aydan et al., (2001) investigated the relationship
of the temperature changes in Denizli Fault
Zone with the changes in the crust. With this
purpose, they related the relative changes in the
data obtained from five thermal observation sta-
tions in Denizli with regional earthquakes. Utku
(2005) discussed the earthquake activity terms
in Denizli and its vicinity and related periodical
activities with regional tectonics.

This study deals with the geographical area
with the largest radius located in latitudes
between 37.26° and 38.30°N and longitudes
between 28.39° and 29.75°E. In historic and
instrumental seismological records, no major
(M=7.0) earthquakes in seismological sense
exist in this study area (Pinar and Lahn, 1952;
Ergin et al., 1967; Eyidodan et al., 1991;
http://koeri.boun.edu tr/). At least, there is no
clear information to this end. This is also related
to safety of transfer of information and resolution
of information from history up to the present.
However, there are catalogues and sources that
touch upon serious damages (Pinar and Lahn,
1952; Ergin et al., 1967; Ambraseys and Finkel,
1995). Although Ambraseys and Finkel (1995)
mention about great damages for the earth-
quakes dated March 20, 1765, November 19,

1717 (13:00 UTC) and February 25, 1702 (08:30
UTC) that occurred in this region, they cannot
provide any intensities or magnitudes to meas-
ure earthquake. UTC (Coordinated Universal
Time) is the international time. At this point, it
has to be stressed that earthquakes, which are
not major, may also cause serious damages.
Every seismotectonic region displays a different
earthquake activity in certain periods. This activ-
ity is sometimes high and sometimes still. The
seismological behavior of high activity terms
during the examination period concerned is
examined with this study. On the grounds of the
behavior of data used in time and space and by
taking earthquake activity terms (sub-process-
es) and cumulative activity terms as the basis,
earthquake activity and, depending on this,
activity regime are studied. In such studies con-
ducted so far, earthquake activity in a region has
not been considered according to activity and
cumulative activity terms in the way it is men-
tioned here. Since this approach enables the
estimation of b value at short time intervals, it
further reinforces the direct relationship of the
obtained results with tectonism by the very
nature of the b value. In this way, both the haz-
ard trend and the possible future behavior of the
earthquake activity in Denizli and its vicinity can
be monitored with a new approach. Besides this,
the fact that the data used also include recent
years also provides an opportunity for monitor-
ing the variation in the seismic characteristic of
the study area.

METHOD AND DATA

The earthquake activity was examined at two
stages. At the first stage, the distributions of
earthquakes occurring with a specific magnitude
and at a specific time interval in time and dis-
tance dimensions were created. The earthquake
magnitudes concerned were transformed into
the same type of magnitude with the equation

My 0.404 + 0.876 M|, r=097) (1)

estimated during this study. This estimation
rests upon the data of 827 earthquakes that
occurred between 11.07.2003 and 31.12.2006.
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My and M express duration and local magni-
tude, respectively. r is the correlation coefficient.
figure 1 gives the My = f(M,) distribution of earth-
quakes in Turkey. As it is also observed from fig-
ure 1, equation (1) represents the distribution,
with which it is estimated, well. Activity terms
and the most active years of each term were
determined from the time distribution of earth-
quake data. Spatial distributions of high activity
years were obtained. The equivalent magni-
tudes of the earthquakes, only intensity values
of which were known, were calculated from
Gutenberg-Richter magnitude-intensity equation
(Gutenberg and Richter, 1942) expressed as

M =13+06]1, @)

M demonstrates magnitude and Iy demonstrates

intensity at the damage center. Equation (2) is
convenient for the earthquakes in Turkey since it
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remains within the same error limits with the
equation estimated from the earthquakes in
Turkey (Utku and Ozyalin, 2002). The second
stage is the stage of calculating magnitude-fre-
quency equations. With this purpose, the equa-
tion called Gutenberg-Richter magnitude-fre-
quency equation and expressed as

logN(M)=a—b M 3)

was used (Gutenberg and Richter, 1942 and
1944). N is the number of earthquakes with min-
imum magnitude M in the observation term T
while a and b are regression coefficients.
Equation (3) was calculated annually by the
Method of the Least Squares depending on the
least cumulative occurrence frequencies of the
earthquakes that occurred in the study area in
the examination term on the grounds of exami-
nation magnitude. Through the analysis, which
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Figure 1- My distribution versus M, for Turkish earthquakes. My and M, are duration and local magnitudes,

respectively. r is the correlation coefficient. Earthquake data is from the databank of the Bogazici
University Kandilli Observatory and Earthquake Research Institute.
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is based on this calculation method, a and b val-
ues of both activity terms and cumulative activi-
ty terms were estimated with a different tech-
nique-approach. So, equation (3) can be
arranged as

fi;j(Mi) = |Og Nl,j(M|) = aj — bj MI :
i=1,....,n,j=1,...,m (4)

where n shows magnitude number and m shows
term number. Equation (4) was used for each
examination term with the same calculation
approach. Examination terms are determined by
the variation in the number of earthquake occur-
rence according to years. The examination
terms are dealt with both individually and cumu-
latively.

For other calculations of earthquake statis-
tics in the study, the data were converged to
Type | (Gumbel) extreme value distribution
defined as

GM)=exp[-aexp(-pM)] , M>0 (5

(Gumbel, 1958) and are Gumbel regression
coefficients. From equation (5), the likelihood of
occurrence of an earthquake with magnitude M
in T years can be expressed as

R(M=1-GM,T) (6)

Equation (6) is the probability of exceedance
or seismic risk of an earthquake with magnitude
M in T years. In this case, the return period of
probable magnitudes in a region is the opposite
of annual risk. The earthquake catalogue of the
databank of Bogazigi University Kandilli
Observatory and Earthquake Research Institute
was used in this study (App-1).

SEISMICITY OF DENIZLi AND ITS VICINITY

Denizli and its vicinity are located in the east-
ern boundary of Bliyiik Menderes Graben which
maintains its activity within a largely-fractured
tectonic system in terms of its location (Saroglu
et al., 1992; Kogyigit, 2005). Depending on this
location, Denizli is located on the geography
where there is also sometimes a high earth-

quake activity depending on the earthquake
regime in Turkey and where Blylk Menderes
Graben is located. Figure 2 is the epicenter map
of the graben-horst system of Denizli and its
vicinity that shows the graben-horst system in
Denizli and its vicinity as well as the earthquake
activity within this system. In figure 2, there are
969 earthquakes with minimum magnitude 3.0
(My=3.0). By the very nature of seismological
studies, it has to be stressed that the number of
earthquakes given here or to be given here-
inafter should be perceived as minimum. From
figure 2, it is observed that the epicenters of
small earthquakes are not so harmonious with
graben boundaries. At this point, primarily the
size of map scale and then the fact that the data
rest upon a national observation network play an
important role. Moreover, this point will be dealt
with again in the discussion section of this study.
Despite this partial harmony, the earthquakes
with minimum magnitude 4.0 are more harmo-
nious with the tectonic elements concerned. In
order to consider the earthquake regime of
Denizli and its vicinity, first, it is required to deal
with earthquake activity within a wide geography
and to examine the problem considering its role
in this geography. So, when Denizli and its vicin-
ity are considered within an area of approxi-
mately 250 km in diameter —and this geographi-
cal area is a circle with the largest diameter bor-
dered by latitudes between 36.67° and 38.93°N
and longitudes between 27.65° and 30.47°E- it
is a geography where 4832 earthquakes with
minimum magnitude 3.0 occurred between 26
B.C. and 31.12.2006. The chronological list of
4832 earthquakes used with minimum magni-
tude 3.0 is given in appendix 1. The earthquake
activity of Denizli and its vicinity, included within
the distribution of epicenters of 4832 earth-
quakes, interacts with the effect of Blyik
Menderes Graben (Figure 2), Gediz Graben and
the Aegean Trench on the Anatolian Plate. The
effect of the Aegean Trench on the Anatolian
Plate is a fault system composed of Ula-Oren
Fault Zone, which can be characterized by an
earthquake activity continuing in the Gulf of
Gokova today, and Golhisar-Cameli Fault Zone
with close tectonism and Burdur, Tatarli and
Kumandanli Faults in its extension. As it is



@ ®

. o [elielye]

HORST

9 n

o

O O 0 O

W&‘@VoGRABEN
@ TN ©00OOCwWOO 00 00

@ocococoo ooo
0co0oo o 00

._QQ( raben margm Sab-grabere ©

BAFA?A? Hl()ﬁSlTo |

411 L

o8
“(\?~‘>‘Q°SRRAYK0Y o orentENK

o ° o : KUQUKMALIDAGOHORST
COKELEZDAGo
6 oo HORST
o) o o Subfgrabgn rg%e[)e oo0o0
.o o
.BABADAGO IﬁCipierﬁ Dgnlzll

[ 1 Modern graben fill
[ 1 Ancient graben fill

@ 5.0<m<6.0

@ 4.0<M<5.0

0 4 km
o 3.0sM<4.0 |

[ITI] Basement rocks

—~— Normal faults (hachures in hanging wall block)
\{> 1,2,3,4,5,6: Extension directions based on
= fissure ridge

° 4 Paben Marai Vd 1,2,3,4,5,6: Extension directions based on
?S/,‘EO geZPe MM 3 main fault slip-plane data
\&O . ° @KoY Y Compression directions based on

fold and sinistral strike-slip fault

e EXxtension directions based on
\ fault population

cl

NXLN wwWysiy

Figure 2- Map showing the Denizli horst-graben system and its epicenter distribution in the period 60AD-2006 according to earth-
quakes with magnitude 3.0(My) and greater, from the databank of the Bogazi¢i University Kandilli Observatory and
Earthquake Research Institute. Tectonics is modified from Kogyigit (2005).
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observed from this earthquake potential and fig-
ure 2, a high earthquake activity has sometimes
occurred recently according to the normal condi-
tions of the region. In figure 2, this activity is
observed to be bordered only by graben sys-
tems. The study area, which determines the
boundaries of this recent activity from the distri-
bution of epicenters of 4832 earthquakes, is the
geography defined by a circular area with the
largest radius between latitudes 37.26° and
38.30°N and longitudes between 28.39° and
29.75°E. This area, with a radius of 60 km, is
referred to as Denizli and its vicinity in this study.

13

Denizli and its vicinity constitute an important
region in terms of earthquake risk, which can be
related to earthquake since 60 A.D. according to
seismological records. This region generated
1485 earthquakes with minimum magnitude
M=3.0 until 31.12.2006 according to the cata-
logue used. In this period, two earthquakes with
minimum magnitude M=6.0 occurred in the
region and one of them occurred in 60 A.D.
(M=6.7, 15=IX) whereas the other one occurred
on 16.03.1926 (17:53:00 UTC; My=6.3). Figure
3 demonstrates the relationship between the
distribution of epicenters of 1485 earthquakes
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Figure 3- The map of epicenter distribution of Denizli and its surroundings in the period
B80AD-2006 according to earthquakes with magnitude 3.0(My) and greater, from the
databank of the Bogazici University Kandilli Observatory and Earthquake Research
Institute, and its relation with simplified fault system of the region. Active faults are

modified from Kogyigit (2005).
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with minimum magnitude M=3.0 in the period
between 60 A.D. and 2006 and the fault system
in the region. On the grounds of the relationship
of Blylik Menderes Graben with regional tecton-
ics, clustering is developed more along with a
fracture zone with NW-SE direction. This zone
includes both Glrlksu Graben, the main tecton-
ic structure in the region, and Bozburun and
Denizli grabens, the secondary grabens in the
region, as well as Babadag and Honaz horsts
(Kogyigit, 2005). Buylik Menderes Graben
changes its direction, which is approximately E-
W until this region, in this region and it gets a
more complex shape and progresses with the
mentioned structures. The activity in 2003
occurred in the NW boundary of this zone with
NW-SE direction and, as a result of this, shocks,
the epicenters of which were largely Buldan,
were recorded (Figure 3). The epicenter of the
earthquake that occurred in historic period cor-
responds to the north of Honaz according to
available records (Figure 3) whereas the earth-
quake with magnitude 6.3 (M) that occurred in
instrumental period corresponds to the south-
west of Tavas or west of Acipayam (Figure 3).

EARTHQUAKE ACTIVITY

In the instrumental period (1900-2006), 1484
earthquakes with minimum magnitude M=3.0
occurred in Denizli and its vicinity. The stillness
monitored prior to 1900, which is called the his-
toric period, is just the graphical image of the
data and is probably due to lack of data. It is on
this basis understood that 1900-2006 will be the
time interval that will constitute the basis for the
examination.

When Denizli and its vicinity are examined
for this period, it is encountered with the varia-
tion in figure 4. Figure 4 shows the earthquake
occurrence frequencies of the earthquakes with
minimum magnitude 3.0 that occurred in Denizli
and its vicinity during 1900-2006 period accord-
ing to years as well as their distribution of epi-
centers at specific periods. It is observed that 1
earthquake with minimum magnitude M=6.0, 6
earthquakes with minimum magnitude M=5.5,
20 earthquakes with minimum magnitude M=5.0

and 106 earthquakes with minimum magnitude
M=4.0 occurred in this period. According to fig-
ure 4, two different activities are monitored in
this period. One of them is between 1900 and
1970 while the other one is between 1971 and
2006. The first main term, when a total of 54
earthquakes with minimum magnitude M=3.0
occurred, displays a rather still image than the
latter. Nevertheless, this is likely to be due to
lack of data. It is observed from figure 4a that
the greatest activity in this period was in 1965
with 8 earthquakes. The 54 earthquakes con-
cerned demonstrate a scattered distribution of
epicenters in Denizli and its vicinity. Figure 4b
shows the distribution of epicenters of earth-
quakes with minimum magnitude M=3.0 in
1900-1970 period. The scattering in the figure
relates to tectonic scattering in the region and
this strengthens the possibility of lack of data.
Actually, if adequate seismological observation
could have been made for such a largely-frac-
tured tectonic system prior to 1970 as well, the
main tectonic system could at least be observed
in figure 4b. However, it is impossible to make
any comments in tectonic sense from this
image. The second main term between 1971
and 2006 has a gradually increasing activity in
Denizli and its vicinity. 1430 earthquakes with
minimum magnitude M=3.0 occurred in this term
and their epicenters are given in figure 4c. In this
distribution, the clustering with NW-SE direction
in Denizli and its vicinity is seen very well.
Corresponding to the general extension of
Cirlksu graben and other nearby tectonic struc-
tures, some of which are secondary, this direc-
tion is composed of the composition of a number
of normal fault segments (Kogyigit, 2005).

A more detailed examination of the high
earthquake activity in the period of 1971-2006 is
of importance within the context of signifying the
activity concerned. With the approach used to
this end, it is provided to monitor the variations
in the activity level and activity location accord-
ing to years. Figure 5 presents the variation in
the number of earthquake occurrence with mini-
mum magnitude M=3.0 that occurred in 1971-
2006 period in Denizli and its vicinity according
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Figure 5- Distribution of earthquakes versus years in Denizli and its surroundings in the period 1970-2006

according to earthquakes with magnitude 3.0(My) and greater. N is the number of earthquakes. (a)
The number of earthquakes versus years. (b), (c), (d), (e), (f), (g) and (h) are the epicenter distribu-
tions for 1971, 1984, 1989, 1995, 1997, 2000 and 2003, respectively. The symbols and conventions
are the same as in figure 3.

to years as well as their epicenter clusterings.
Hence, the earthquake clustering activities in
the years having high activity after 1970 are
observed. When the numbers of earthquake
occurrence between 1971 and 2006 are consid-
ered, it is observed from figure 5a that there was
high activity in 1971, 1984, 1989, 1995, 1997,

2000 and 2003 than in the other years. The clus-
tering variations in the distributions of epicenters
of these years are given in figures 5b-h. When
figures 5b-h is considered within a process, it is
understood that this variation is a development
movement that displays a fracture development
very well. The activity in 1971, observed from
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figure 5b, rather exhibits a scattered-dispersed
appearance. It is observed from figure 5a that 70
earthquakes (My=3.0) occurred throughout this
year. 9 of them have magnitudes 4.0<=°M<5.0
whereas 2 of them have magnitudes
5.0=°M<6.0. The distribution of epicenters of 50
earthquakes (My = 3.0) in 1984 is observed in
figure 5¢, where it is observed that it is a west-
oriented distribution and is clustered slightly
more. It can be stated from figure 5¢ that the
fracture system around Babadag was active in
1984 (Figure 3). The elementary fracture this
was related to could be answered with the infor-
mation to be obtained from a local earthquake
observation network established only in 1984.
The 4 earthquakes that occurred in 1984 had
magnitudes 4.0=°M<5.0. In figure 5d, the distri-
bution of epicenters of 65 earthquakes (My=3.0),
which constituted the activity in 1989, is
observed. In this year, 1 earthquake had magni-
tude 5.0=°M<6.0 while 4 earthquakes had mag-
nitudes 4.0=°M<5.0. An interesting clustering is
striking in figure 5d. This is the further activation
of the SE boundary of the fracture zone with
NW-SE direction in 1989 (Figure 3). This means
that the fracture status prior to 1989 progressed
in SE direction as much as the total energy
released in 1989. In other words, with the earth-
quakes in 1989, the fracture progressed in SE
direction. Figure 5e shows the distribution of epi-
centers of the 1995 earthquake activity caused
by 89 earthquakes (My=3.0). Only 2 earth-
quakes had magnitudes 4.0=°M<5.0 in the year
concerned. It is observed that the activity pre-
vailed in the SE boundary of the system with
NW-SE direction also in 1995 and even slightly
in E-W direction, but there was a NW-oriented
development in the activity on the zone con-
cerned. By this development, the presence of
new epicenter points in comparison to the NW
boundary of figure 5d of 1989 is meant. So, itis
clear from the epicenter movement in 1989 and
1995 that the seismic activity is rising again
towards the NW boundary. Figure 5f is related to
the earthquake activity in 1997. Throughout the
year concerned as well, there were a total of 78
earthquakes (My=3.0), 2 of which had magni-
tude 4.0=°M<5.0. From the epicenter clustering

in figure 5f, it is observed that the development
in the NW boundary of the fracture system with
NW-SE direction in 1995 rose to a high level.
Figure 59 includes the 2000 activity composed
of 271 earthquakes (M4=3.0), where the highest
activity in the instrumental period for Denizli and
its vicinity occurred. Only two of these earth-
quakes had magnitude 4.0 = M<5.0. In figure 5g,
it is observed that the activity again moved to the
SE boundary of the fracture system with NW-SE
direction and prevailed here on a wide area for 1
year (Figure 3). Likewise, the activity moved to
NW boundary again in figure 5h. In 2003, 164
earthquakes (My=3.0) occurred in this boundary,
which corresponds to the location of Buldan. 2 of
them had magnitudes 5.0=sM<6.0 whereas 10 of
them had magnitudes 4.0 = M <5.0. Having con-
tinued throughout 2003, this activity occurred
with 12 earthquakes with minimum magnitude
4.0, 152 earthquakes with magnitudes
3.0=M<4.0 and many earthquakes smaller than
3.0. The earthquakes with minimum magnitude
4.0 are given in table 1. The activity concerned
continued for a long period of time in the year.
Provided that this order is maintained, it is pos-
sible that a following new high activity will occur
again in the SE boundary of the fracture system
concerned.

When the clustering movements in figure 5
are considered as a whole, the earthquake
activity in Denizli and its vicinity particularly
since 1989 have been occurring respectively in
both boundaries of the fracture system with NW-
SE direction in this region. These images
(Figures 5d-h) are examples of the seismotec-
tondefinition of the earthquake event or, in a
more general expression, its geological defini-
tion. Earthquake is an event of a fault progress
in tectonic sense. On the basis of this, it can be
stated that this fracture zone (Figure 3) with NW-
SE direction in Denizli and its vicinity becomes
active at specific intervals in a certain order,
although not fully periodical, and that the frac-
ture development progresses in such a regime.

However, if attention is paid to the time inter-
vals observed in figure 5a, the periods between
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Table 1 - Chronology of earthquakes with magnitude 4.0 and greater occured in 2003 in Denizli and its
surroundings. My and M_ are quration and local magnitudes, respectively. Earthquake data is

from the databank of the Bogazi¢i University Kandilli Observatory and Earthquake Research

institute.

i Date Origin Time Magnitude
(Day/Month/Year) (Hour:Min.:Sec., UTC) M M
d L

1 02.07.2003 01:43:35 4.0 -
2 23.07.2003 04 :56: 02 5.0 5.2
3 26.07.2003 01:00:56 4.8 5.0
4 26.07.2003 01:15:37 4.0 4.1
5 26.07.2003 08:36:49 5.8 5.6
6 26.07.2003 13:31:36 4.7 4.9
7 26.07.2003 18:24:10 4.1 4.2
8 27.07.2003 16:38:49 4.0 4.1
9 28.07.2003 15:54:17 42 4.3
10 28.07.2003 17:19:05 4.2 4.3
11 28.07.2003 22 :36:54 4.1 4.2
12 12.08.2003 08:21:50 4.2 4.3

* Calculated Values

active years concerned vary as 13, 5, 6,5 and 3
years as of 1971 in approximately gradually
descending periods. Considering the fact that
the sum of stresses in the boundaries will
appear on the agenda as the interval narrows
and that new heterogeneity-origin stress accu-
mulation points within the zone may be
attached, the highest activity after 2003 may
occur with great energy provided that the exist-
ing trend is preserved.

From the information provided so far, it is
striking that Denizli and its vicinity have not gen-
erated any major earthquakes, in other words,
the major earthquakes in this region are not
included in the information originating from the
existing seismology archive, but it experienced 2
earthquakes, one of which had magnitude 6.7
(Ip=1X, M.S.60) whereas the other of which had
magnitude 6.3 (My, 16.03.1926; 17:53:00,
GMT). The earthquakes with minimum magni-
tude M=4.0 are few in the distributions in figure
5, too. According to the earthquakes with mini-
mum magnitude M=4.0 in the instrumental peri-
od, 1965 (5 earthquakes), 1971 (11 earth-

guakes), 1976 (5 earthquakes), 1989 (5 earth-
guakes) and 2003 (12 earthquakes) are years
which appear as the most active. The other
years, however, generated 4 and fewer earth-
quakes with minimum magnitude M=4.0. What
is striking here is that 2003 was the most active
year. Even under this condition, for instance, it
considerably exceeds the activity in 2000 in
terms of magnitude value.

Figure 6 presents the variations of the great-
est earthquakes of years between 1900 and
2006 depending on their magnitudes. No char-
acteristic behavior can be observed in this vari-
ation. In addition, when attention is paid, it is
observed that the energy released all at once in
Denizli and its vicinity rose as of 1900, peaked in
1926 (M4=6.3) and progressed by descending in
the following years. After 1960, it rose again and
peaked again in 1965 (My=5.7). Then it has
reached up to the present again by a similar
mean descending behavior. Accordingly, it
means that approximately a 100-year process
has passed without generating any major earth-
quakes. Even if these magnitude values, being
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the basis for this evaluation, will likely require
corrections depending on the technological
opportunities of their time, this is not a case that
will change the main axis of the evaluation con-
cerned so much. Likewise, these are both in fact
the extreme values of the process and will cause
variations in these values in numerical sense
only and there are no other cases than relativity
since the variation mentioned is also valid for the
other known or unknown earthquakes of the
process. Furthermore, figure 6 is not an indica-
tor of activity but it shows the greatest earth-
quake in each year. In other words, since activi-
ty is an indicator of earthquake occurrence
intensity, the fact that few (Figure 4) but greater
earthquakes occurred (Figure 6) prior to 1970 is
a factor that rises the damage risk in this period
depending on the lowness of the quality of build-
ing stock in the region. However, it does not
mean a high activity when it is considered
according to the post-1970 period. This can be
explained with the following example: when a
region, where only one main shock with magni-
tude 7.5 occurs in 250 years and 30000 after-
shocks with various magnitudes spread in 2
years, and another region, which generates 20
small earthquakes (and several moderate earth-
quakes in some years) daily on average, are
compared, it appears that one of them is a
region with a high damage risk whereas the
other is a region with a high earthquake activity
or activity. These regions may even be close to
each other in terms of total energy release.
Nevertheless, one of them is an active region

while the other one is a region with high damage
risk. This is an absolute meaning reflected by
the available data. The tectonic deficiencies per-
taining to the seismological observation of the
region prior to 1970 remain potentially in the
analyses made not only for the region con-
cerned but also for all regions around the world.

If these data are assumed as an example of
a similar type of behavior in the following years,
it can be stated, considering magnitude-frequen-
cy variation calculated as

logN=382-092M (r=-099) (7)

depending on the data of 107 years with mini-
mum magnitude 4.0 for the study area, that the
region is active, that it is not under a consider-
ably great tectonic development and, in parallel
to this behavior, that the occurrence likelihoods
of some probable magnitudes at specific periods
(for 10, 20 and 30 years) and their recurrence
periods may be like in table 2 according to
Gumbel-l distribution. As it is also observed from
table 2, earthquakes with magnitude 4.0 can
always occur in Denizli and its vicinity.
Magnitude 5.5 can occur at least once in 24
years at the most. The probability of exceedance
of this magnitude in 20 years is 57% (Table 2).
Due to the characteristic of construction in
Turkey, magnitude 5.5 is still classified as dam-
age-causing for Turkey. Via this analysis, the
modal maximum for Denizli and its vicinity was
calculated as 4.1 and the greatest earthquake
likely to occur in 100 years as magnitude 6.1.

Table 2 - Exceedance probabilities and return periods of earthquakes for Denizli and its surroundings.

Specific Exceedance Probabilities (%) Return
ID Magnitudes Periods
(M) 10 years 20 years 30 years (years)
1 4.0 100 100 100 1
2 5.0 7 92 98 8
3 55 34 56 71 24
4 6.0 13 24 34 73
5 6.5 4 9 13 221
6 7.0 2 3 4 666
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Furthermore, the recurrence period of an earth-
quake with magnitude 7.0 in table 1 may be con-
sidered very high for social life. Nevertheless,
the region seems to have never encountered
with an earthquake with such magnitude accord-
ing to available data.

VARIATION IN a AND b VALUES

The calculation of magnitude-frequency
equation for Denizli and its vicinity is based on
the examination of the behavior of the estimated
a and b values in the region concerned in the
period dealt with beyond the estimation of ordi-
nary magnitude-frequency relation in seismolo-
gy. Accordingly, calculations were made accord-
ing to the earthquakes with minimum magnitude
4.0 between 1900 and 2006. In this study, two
approaches were followed while examining the
above-mentioned behavior of a and b values.

1) Variation in a and b values according to
activity terms

2) Variation in a and b values according to
cumulative activity terms

The real purpose of this analysis, made
according to both activity term and cumulative
activity term, in this study is to examine the sec-
ond main term defined as between 1971 and
2006. The calculations of the first main term are
based on forming relations.

In the first approach, the active terms (sub-
processes) in the 107-year examination process

were determined on the basis of the years, when
earthquake activity reached the lowest and the
highest values from the variations in figures 4
and 5. Consequently, 1961-1971: 1st Activity
Term, 1973-1987: 2nd Activity Term, 1988-1991:
3rd Activity Term, 1992-2001: 4th Activity Term
and 2002-2006: 5t Activity Term were defined
as the activity terms used in the first approach.
Each activity term was dealt with as an energy
accumulation process on its own and the magni-
tude-frequency relation was calculated for each
activity term. The a and b values and correlation
coefficients (r) of these activity terms are given
in table 3. As it is also observed from the corre-
lation coefficients in table 3, the a and b values
obtained are in harmony with high reliability with
the data used. Figure 7 demonstrates the activ-
ity terms constituting the time interval 1970-
2006 and the magnitude-frequency relations of
activity terms. On the basis of figure 4, a more
different behavior of the earthquake activity par-
ticularly as of 1970 has been a determinant for
the examination process of figure 7. When the
geometry of magnitude-frequency relation for
each term depending on a former term is consid-
ered from figure 7, the line slope has risen in the
3rd activity term (Figures 7b, c), fallen in the 4th
activity term (Figures 7b-d) and risen again in
the 5th activity term (Figures 7b-e). The a values
corresponding to them also display a similar
behavior (Table 3). In other words, the tectonic
movement followed a multi-segment process.
Furthermore, it is probable that the 5t activity
term will become longer and this is of impor-
tance in terms of the appearance of the definite

Table 3 - a and b values for the earthquake activity and the cumulative activity terms of Denizli and its
surroundings, and their correation coefficients (r).

. Cumulative
ID ATgtr'r‘gg a b r Activity a b r
Terms
1 1961-1971 3.698 -0.788 -0.97 1900-1971 3.196 -0.786 -0.99
2 1973-1987 3.706 -0.883 -0.99 1973-1987 3.706  -0.883 -0.99
3 1988-1991 5.441 -1.197  -0.99 1973-1991 4.401 -1.025 -0.99
4 1992-2001 2490 -0.652 -0.98 1973-2001 4639 -1.100 -0.99
5 2002-2006 3.851 -0.853 -0.99 1973-2006 4746 -1.112 -0.98
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Figure 7- The activity terms of Denizli and its surroundings in the period 1970-2006, and their magnitude-fre-
quency relations. M is magnitude, N is the number of earthquakes=M, and r is correlation coefficient.
(a) The number of the earthquakes versus years for earthquakes=3.0(My), and the activity terms.

(b),...,(€) The magnitude-frequency relations in activity terms for earthquakes=4.0(My).

behavior of the sub-term. When the post-2003
activities are considered only, it is observed that
the seismic activity continues to fall (Figures 4a
and 5a).

In the second approach, however, the activi-
ty terms dealt with in the first approach were not
used as individual sub-processes like in the first
approach, but cumulatively. In this way, as each

sub-process was attached to the final cumula-
tive process, how it affected the earthquake
regime in the region or how it directed the exist-
ing regime was investigated. 5 cumulative activ-
ity terms were used in this approach as well.
These are the 1st, 2nd, 3rd, 4th gnd 5th cumula-
tive activity terms respectively being 1900-1971,
1973-1987, 1973-1991, 1973-2001 and 1973-
2006. However, since this study focuses on



ANALYSIS OF DENIZLi EARTHQUAKES 23

studying the post-1970 characteristic activity
within the development of the analysis made,
the accumulation operation was applied to the
2nd main activity term after 1970. The inclusion
of 1900-1971 process to the operation is for
inter-term connection. In addition, the com-
mencement of accumulation operation from
prior to 1970, in other words, from the 18t main
term and the fact that it is not used although it is
one of the alternatives, are for avoiding the
effect of possible lack of data prior to 1970.
Thus, the a and b values and correlation coeffi-
cients of 5 cumulative activity terms calculated
are in table 3. It is understood from the correla-
tion coefficients of magnitude-frequency equa-
tions of cumulative activity terms in table 3 that
the equations obtained have high reliability for
representing the data used. Figure 8 shows the
cumulative activity terms in the process of 1970-
2006 and their magnitude-frequency relations.
When the variations of magnitude-frequency
equations of cumulative activity terms in the
processes concerned are observed, the slope of
the line in the 3rd cumulative activity term rises
in comparison to the 2nd activity term (Figures
8b, c). This rise partially continues in the 4t and
5t cumulative activity terms as well in compari-
son to the 2nd and a former clustered activity
terms (Figures 8b-e).

While examining the variations in a and b val-
ues, qualitative evaluations were made on the
obtained results. This stage of the study relates
to the behavior of the results altogether. With
this purpose, the collective trends of magnitude-
frequency functions, their activity and cumula-
tive activity terms, being individual, and the col-
lective variations of a and b values depending
on the same kind of terms were formed. Figure
9 presents the variation in magnitude-frequency
relation for Denizli and its vicinity according to
activity and cumulative activity terms. In other
words, figure 9 displays the mathematical phe-
nomena constituting this relation altogether. So,
figure 9 also enables a comparison of two types
of terms. Therefore, figure 9a, b explains the for-
mation of these two types of terms. When figure
9 c,d is considered, it is observed, as the first

impression, that both rise and decline occurred
in the slopes of the line functions in the activity
terms (Figure 9c) but only rise in activity terms
(Figure 9d). a values display an oscillatory vari-
ation depending on the activity degree of the
term according to figure 9e whereas they display
an ascending function behavior according to fig-
ure 9f. Likewise, b values also have similar
behavior (Figures 9g, h). The characteristic of
ascending function is a consequence of the
accumulation operation. Thus, the fact that the
lines in figure 9d continuously get perpendicular
from the 1St term towards the 5t term is anoth-
er visual expression of accumulation operation.
The image in figure 9d varied as a rise/decline in
the analysis made according to activity terms
(Figure 9¢). What can be striking here is that the
terms are not equal in length. At this point, it has
to be stressed that such a preference was made
in this study in order not to make a standard
examination, in other words, in order to under-
stand the regime processes.

Depending on the analysis made according
to activity terms, it can be stated that the most
active term in tectonic sense is the 4t term
(1992-2001) (Figures 9c, e, g). Nevertheless,
this does not show any indications in figure 9f, h.
On the basis of this, it may be stated that this
behavior complies with the regime. The behav-
ior of the 5th activity term is similar to the gener-
al behavior of the region given by equation (7).
According to the analysis made according to
cumulative activity terms, however, each
attached data contributes to the earthquake
regime of the study area to be defined more
properly. Whether the region has a decisive
regime cannot be shown with the available
quantity of data. It is obvious that the behavior
will continue at least for half a century more as
an ascending function. Whether the variation in
figures 9f and 9h will become steady can be
revealed in this period. In addition, it can of
course be explained in tectonic sense whether it
is steady or not.

In the event that the variations in figure 9
continue with the same characteristic, it is likely
that the upcoming years will have earthquakes
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Figure 8- The cumulative activity terms of Denizli and its surroundings in the period 1970-2006, and their mag-
nitude-frequency relations. M is magnitude, N is the number of earthquakes=M, and r is correlation
coefficient. (a) The number of the earthquakes versus years for earthquakes=3.0(M), and the cumu-
lative activity terms. (b),...,(e) The magnitude-frequency relations in cumulative activity terms for

earthquakes = 4.0(My).

that will not cause any great tectonic formations
but are high in number. With respect to the 4th
activity term, if it is assumed that the 5th activity
term still continues, it can be either stated that
the earthquake regime in the region indicates
that it has entered into a decisive term or evalu-

ated that the desired observation level has only
been reached since 1992.

DISCUSSION

With this study, the periodical variation of the
magnitude-frequency relation was applied to the
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earthquake data of an active region. Each activ-
ity term means the release of the accumulated
deformation energy. So, for the first time in seis-
mology, the movement of the magnitude-fre-
quency relation in the period considered is
examined for a region and the earthquake
regime of the region is analyzed. Thus, what has
been done is a seismological analysis based on
the earthquake catalogue data. The data used is
also a data which still has no alternatives for
such an analysis. It naturally has a unique error
limit. Nevertheless, it is within the error limits of
current seismology technology as much as the
seismological observation opportunities it is
based on enable. The formation of an alternative
with the existing opportunities requires adequate
time. This at least means a period of decades. It
is not possible for the requirement of time con-
cerned to disappear immediately upon the bet-
terment of opportunities. With this purpose, it
has to be waited for adequate time to pass.

During analysis, 4832 earthquakes with min-
imum magnitude 3.0 were used. Depending on
this, the boundaries of the study area were
determined. The map of distribution of epicen-
ters of this could not be included here although
it is within the scope of the study. The reason
why the lower limit of the interval of earthquake
magnitudes used was chosen as 3 is the inten-
tion of examining the earthquake regime in the
study area. The microearthquake, if available, or
at least small earthquake activity has to be
observed to this end. Magnitudes equal to or
greater than 3 are far more reliable in terms of
seismogram reading and catalogue contents
than magnitudes smaller than 3 for the national
observation network data used.

The historic earthquakes in the catalogues
are mostly earthquakes with intensities equal to
or greater than IX. There are also earthquakes
with intensities VII-VIII, although few in number.
Within the scope of the study area defined in the
study, this has an intensity of IX and is a single
earthquake for Denizli and its vicinity, as also
explained in this article. This corresponds to the

minimum magnitude 6.7 today and with the
transformation operation used in this study and,
unless a newer technique is found, it should not
be taken smaller than this. Therefore, if it is
taken even as Mz5 as required in this case, it
becomes impossible to explain the seismic gap
characteristic of the active faults in Denizli basin
according to historic earthquakes with such
magnitude. In other words, the number of his-
toric earthquakes available is very scarce at
least for today. The determination of the seismic
gap characteristic on the active faults in Denizli
basin according to earthquakes with M=5 is
impossible since the earthquakes with M=5 are
few. The number of earthquakes with M=5 is 20,
which is given in the article.

While these are the data characteristics and
better characteristics are not available yet, no
new contributions should be expected by dis-
playing the data on a larger scale. Since data
resolution does not change, the magnification of
scale will cause spaces between epicenter
points to get larger and the image to dissolve.
While observing some geophysical data from
geophysical point, it would also be significant to
compact the data, if necessary, in order for the
data concerned to have a geophysical meaning
and in order to apply a sound geophysical eval-
uation to the data.

Not the formation of a new fault but a
progress in the fracture is meant by fault devel-
opment. Figure 5 shows this. The fact that earth-
quake means a fault development in tectonic
sense does not mean the formation of a new
fault. It means the progress/development/growth
of an existing fracture or fracture system at the
boundaries.

For such an analysis of Denizli and its vicini-
ty, these are the available earthquake data
opportunities today. One day, it will of course be
possible to reach the long-awaited point via new
projects. However, seismological and tectonic
studies are still going on and will go on although
science is still unable to estimate earthquakes in
terms of year, month, day, hour and magnitude.
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CONCLUSIONS AND SUGGESTIONS

The results, likely to be concluded from the
earthquake regime analysis of Denizli and its
vicinity made using earthquake data based on a
regional observation network and applying a dif-
ferent technique to the basic methods of seis-
mology, and suggestions are summarized as fol-
lows:

1) The earthquake regime in Denizli and its
vicinity is a very good example for a fault devel-
opment and, therefore, for the definition of earth-
quake.

2) It should be expected that the next activity
will occur more intensively in the SE boundary of
the fracture system with NW-SE direction in
Denizli and its vicinity. Not a major earthquake
but rather seismic activity is meant by intensive
activity. This is likely to be generated by the
boundary faults of Clriiksu Graben and of
Denizli Secondary Graben as well as by the
boundary faults of the vicinity of Honaz and in
the northeast of Honaz. Nevertheless, it is
impossible to mark an elementary fault for the
estimation of earthquake due to restrictions
unique to data. The process 1992-2001, which is
called the 4th activity term in the study, is the
most active tectonic period. The activity of the
5t term continues with signs similar to the 4th
term. At this stage, naturally it cannot be known
yet whether the 5t term is over.

3) If the post-1980 data are considered more
carefully, Denizli and its vicinity break continu-
ously by the earthquakes with around 3.0 (M)
from the ground until a depth of 35 km on aver-
age according to the depth information of the
databank concerned. This one and the multi-
segment tectonic development in the 2nd main
term are indications of a largely-fractured
region. This behavior in earthquake regime can
be interpreted as the insurance of major earth-
quakes.

4) According to both the general tectonics of
the region and the available data, the region
bears characteristics that do not generate major

earthquakes so much. In each activity term, it is
possible that the tectonic system occurs with
great energy by an extraordinary behavior and
as required by the fact that convergence is
unavoidable. With a descriptive approach, this
may be with minimum magnitude M=6.7 (I5=IX)
as required by the principle iif it has happened
before, it will also happen in the futurei, which is
the fixed rule of geology.

5) The fact that the data used are based on a
national observation network is significant in
examining the fracture zone with NW-SE direc-
tion, which constitutes the basis for the analysis
in this study, and other possible local zones in a
more detailed way. Therefore, accessing some
information that is superior to the information
produced with this study is possible only through
observing Denizli and its vicinity by a local geo-
dynamic observation network continuously. In
this way, local active tectonics can be clarified
better and will both constitute a basis for and be
a determinant in studies for estimating earth-
quakes beforehand.

6) The recurrence period for magnitude 5.5 is
calculated as 24 years. When the building stock
and living standards in the region are consid-
ered, this magnitude means an earthquake with
high damage risk for the region.

7) In construction, the engineering service
should comply with rules and regulations and an
efficient supervision system should be brought.
The construction of important buildings should
be directed by microzoning studies.

In this study, the seismicity of Denizli and its
vicinity was examined and its behavior was
intended to be estimated. The problem of earth-
quake estimation continues. This problem
awaits a solution either on the basis of hour and
magnitude or on the basis of tectonic process.
Estimation on the basis of tectonic process
would be a determinant in estimating magni-
tude; however, it remains on a generalized time
scale in estimating hour. This can at least be
scaled on year basis.
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In order to be able to state all these accurate-
ly, underground has to be known well. The
crustal structure of Turkey is not known well
except for the recent East Anatolian Earthquake
Project (Turkelli et al., 2008). Provided that
underground is known well, this will provide a
sound basis for the studies of modeling, inver-
sion and estimating earthquakes beforehand to
be made. Estimation of earthquakes is possible
through a good underground knowledge. Crust
in Turkey should be known well. A national
Turkish Crust Project should be developed to
this end.
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Appendix 1- Chronological list of earthquakes with magnitude 3.0 or greater (M=3.0) occured within a
radius of 125 kms from Denizli city center used in this study. H shows the focal depth. *
illustrates the transformed magnitude values. Origin time data is according to local Turkey
time for 2006 and UTC for residue dates. Data is from the earthquake catalog of Bogazigi
University Kandilli Observatory and Earthquake Research Institute. This appendix con-
sists of the first three and the last pages whereas the whole data are a total of 135 pages.
All the data can be downloaded from the website of mentioned institute above or from the
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author.
ID DATE ORIGIN TIME| LAT. LONG. H M
(Day.Month.Year)| (hr/min/sec) (°N) (°E) (km)

1 31.12.2006 17 023.00 37.79 29.64 125 | 33
2 28.12.2006 164436.00 37.03 28.23 54 [ 31
3 25.12.2006 215446.00 37.63 30.08 50 | 31
4 20.12.2006 123312.00 38.33 27.84 52 [ 31
5 18.12.2006 52557.00 37.22 28.11 85| 30
6 9.12.2006 154846.00 38.60 28.20 28 | 3.0
7 26.11.2006 2327 1.00 36.94 29.24 290 | 3.1
8 24.11.2006 225252.00 36.96 29.32 268 | 3.0
9 14.11.2006 164047.00 37.06 29.26 16.3 | 3.1
10 30.10.2006 18 845.00 37.13 28.64 169 | 34
11 24.10.2006 05546.00 37.93 29.22 50 [ 31
12 16.10.2006 204224.00 36.82 29.41 13.7 | 3.0
13 16.10.2006 03759.00 37.03 28.31 211 3.1
14 15.10.2006 215337.00 36.72 29.35 243 | 3.1
15 14.10.2006 232714.00 38.06 30.23 50 ] 33
16 12.10.2006 620 6.00 37.83 29.19 89 | 3.9
17 27.9.2006 22 539.00 38.00 29.01 40| 33
18 24.9.2006 44256.00 37.70 29.63 74 | 33
19 8. 9.2006 019 5.00 38.62 28.25 13.0 | 3.1
20 25.8.2006 01546.00 36.69 29.03 282 | 34
21 21.8.2006 24821.00 38.35 29.59 28.1 3.0
22 13. 8.2006 161241.00 37.97 28.83 293 | 3.0
23 12. 8.2006 202124.00 37.84 29.36 50 [ 31
24 9. 8.2006 132710.00 36.82 29.42 272 | 3.0
25 30. 7.2006 21 848.00 37.12 28.25 17.1 3.0
26 28.7.2006 5934.00 37.06 30.07 76 | 35
27 28.7.2006 22250.00 37.07 30.04 50 | 3.6°
28 25.7.2006 32625.00 37.10 28.97 189 | 3.0
29 21.7.2006 32332.00 37.00 28.09 183 | 3.0
30 20. 7.2006 835 7.00 38.08 28.77 50| 3.0
31 17.7.2006 123642.00 37.89 28.89 216 | 3.0
32 30. 6.2006 14140.00 37.02 28.10 213 | 3.0
33 27.6.2006 225757.00 37.13 28.78 85 | 3.6¢
34 27.6.2006 2248 2.00 37.14 28.80 195 | 3.0
35 22. 6.2006 110 4.00 36.81 28.99 105 | 34
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ID DATE ORIGIN TIME| LAT. LONG. H M
(Day.Month.Year) | (hr/min/sec) (°N) (°E) (km)

36 21.6.2006 1550 8.00 37.78 29.18 16.7 | 3.0
37 20.6.2006 2 650.00 37.08 30.08 726 | 34
38 13.6.2006 76 4.00 37.49 29.23 242 | 3.1
39 12.6.2006 201645.00 37.91 28.66 11.3 | 31
40 12.6.2006 173411.00 37.91 28.71 11.8 | 3.1
41 11.6.2006 42954.00 37.91 28.74 50 | 3.0
42 10.6.2006 235712.00 37.93 28.72 50 | 3.0
43 10.6.2006 1918 6.00 37.90 28.75 45 | 31
44 10.6.2006 6 928.00 37.89 29.39 6.3 | 3.1
45 10.6.2006 55527.00 37.93 28.68 48 | 31
46 8.6.2006 195343.00 37.13 29.03 220 | 3.0
47 5.6.2006 1916 5.00 37.91 28.68 6.6 | 3.0
48 5.6.2006 115020.00 37.88 28.78 287 | 3.2
49 5.6.2006 10 021.00 37.91 28.71 83 | 3.0
50 5.6.2005 94829.00 37.83 28.78 271 3.0
51 5.6.2006 94057.00 37.93 28.71 86 | 31
52 5.6.2006 93523.00 37.92 28.70 75 | 3.0
53 5.6.2006 73843.00 37.91 28.69 106 | 4.0*
54 5.6.2006 72329.00 37.93 28.67 50 | 4.3*
55 4.6.2006 14 743.00 37.83 28.81 293 | 3.1
56 4.6.2006 14 514.00 37.86 28.82 287 | 3.2
57 4.6.2006 9 652.00 37.83 28.84 268 | 3.2
58 4.6.2006 5 455.00 37.86 28.78 294 | 3.1
59 1.6.2006 224655.00 37.69 29.30 157 | 3.2
60 27.5.2006 194526.00 37.20 30.16 3.0 | 31
61 26.5.2006 4 534.00 37.83 27.74 140 | 3.1
62 25.5.2006 173242.00 36.85 28.91 146 | 3.0
63 21.5.2006 123311.00 37.90 29.17 122 | 3.0
64 18.5.2006 151059.00 36.98 28.30 3.0 | 3.0
65 15.5.2006 64546.00 36.72 28.90 277 | 3.0
66 13.5.2006 418 .00 37.11 28.55 11.0 | 3.1
67 13.5.2006 14413.00 37.10 28.06 20 | 3.4*
68 9.5.2006 191722.00 37.35 28.14 154 | 3.2
69 9.5.2006 712 8.00 37.71 29.27 38 | 34
70 6.5.2006 02542.00 36.97 28.32 212 | 3.0
71 1.5.2006 13 040.00 37.40 30.02 291 3.0
72 1.5.2006 35016.00 37.38 30.00 223 | 3.0
73 30.4.2006 195726.00 36.99 28.29 135 | 3.2
74 30.4.2006 31756.00 37.49 29.90 293 | 3.2
75 28.4.2006 848 1.00 37.05 28.58 6.1 3.1
76 26.4.2006 41952.00 37.75 27.69 228 | 3.2
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ID DATE ORIGIN TIME| LAT. LONG. H M I
(Day.Month.Year)| (hr/min/sec) (°N) (°E) (km)
77 24.4.2006 15822.00 38.80 29.34 5.3 3.5
78 23.4.2006 23 749.00 37.08 28.06 8.7 3.0
79 23.4.2006 1650 1.00 37.10 28.07 19.4 3.0
80 22.4.2006 73751.00 36.92 28.99 5.1 3.2
81 21.4.2006 31657.00 36.99 28.26 4.0 3.3
82 19.4.2006 25620.00 37.01 28.36 11.0 3.0
83 19.4.2006 11131.00 36.99 28.34 5.0 3.1
84 18.4.2006 232620.00 38.27 27.90 4.6 3.0
85 18.4.2006 44743.00 36.99 28.32 9.9 3.4
86 18.4.2006 42825.00 37.17 28.20 16.7 3.0
87 18.4.2006 42133.00 37.02 28.27 5.0 3.9
88 18.4.2006 31429.00 37.03 28.29 14.2 3.0
89 18.4.2006 23653.00 36.99 28.26 20.5 3.5
90 17.4.2006 233157.00 37.05 28.17 30.2 3.4
91 17.4.2006 2318 7.00 36.95 28.15 33.9 4.0
92 17.4.2006 2215 7.00 36.99 28.31 19.6 3.2
93 17.4.2006 221328.00 36.98 28.28 3.4 3.0
94 17.4.2006 2210 1.00 37.03 28.27 10.7 3.5
95 17.4.2006 17 2 9.00 37.00 28.35 22.7 3.1
96 17.4.2006 165959.00 36.96 28.32 225 3.0
97 17.4.2006 16 258.00 36.95 28.31 20.9 3.3
98 17.4.2006 15 939.00 36.97 28.28 20.6 3.0
99 17.4.2006 15 231.00 37.02 28.33 7.9 3.3
100 17.4.2006 145728.00 36.99 28.31 19.8 3.4
101 17.4.2006 145319.00 36.98 28.29 12.2 4.2*
102 17.4.2006 1332 5.00 36.97 28.32 225 3.0
103 17.4.2006 121523.00 37.01 28.32 22.6 3.2
4820 1.1.1904 1138 .00 37.80 29.10 20.0 4.8
4821 21.6.1902 00 .00 37.80 29.10 15.0 4.3
4822 0.5.1902 00 .00 37.80 27.90 12.0 4.0
4823 0.5.1901 00 .00 37.80 27.80 15.0 5.0
4824 0.4.1901 00 .00 38.20 29.60 .0 5.0
4825 | 23.2.1901 00 .00 37.90 27.90 15.0 4.6
4826 | 20.9.1900 00 .00 37.80 29.10 .0 5.0
4827 | 20.9.1899 1030 .00 37.90 28.10 .0 6.7* IX
4828 | 19.8.1895 00 .00 37.80 27.80 .0 6.7* IX
4829 3.5.1875 90 .00 38.10 30.10 .0 6.7* IX
4830 | 23.2.1653 00 .00 37.90 28.30 .0 6.7* IX
4831 0.0. 60 00 .00 37.90 29.20 .0 6.7* IX
4832 M.0.26 00 .00 37.85 27.85 .0 6.7* IX




