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Abstract
We present the results of a systematic search for the identification of accelerating seismic crustal deformation in the broader
northern Aegean area and in northwestern Turkey. We found that accelerating seismic deformation release, expressed by the
generation of intermediate magnitude earthquakes, is currently observed in NW Turkey. On the basis of the critical earthquake
model and by applying certain constraints which hold between the basic quantities involved in this phenomenon, it can be
expected that this accelerating seismic activity may culminate in the generation of two strong earthquakes in this area during the
next few years. The estimated epicenter coordinates of the larger of these probably impending earthquakes are 39.7jN – 28.8jE,
its magnitude is 7.0 and its occurrence time tc=2003.5. The second strong event is expected to occur at tc=2002.5 with a
magnitude equal to 6.4 and epicenter coordinates 40.0jN – 27.4jE. The uncertainties in the calculated focal parameters for these
expected events are of the order of 100 km for the epicenter, F0.5 for their magnitude and F1.5 years for their occurrence time.
D 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
The westernmost part of the North Anatolian Fault
Zone, which is investigated in the present paper,
includes the Marmara Sea area and the northern part
of the Aegean Sea (Fig. 1) and is defined by the
38.5jN, 42.0jN parallels and the 24.0jE, 30.0jE
meridians. Historical data show that earthquakes with
magnitudes up to about 7.5 repeatedly occurred in this
area and caused considerable destructions and loss of
life (Ambraseys and Finkel, 1995; Papazachos and
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Papazachou, 1997). During the 20th century only, 15
mainshocks with magnitudes ranging between 6.0 and
7.6 have occurred in this area.
Due to the fact that a large part of this zone is a
densely populated area where the Istanbul urban area
of more than 10 million people is located and because
of the well known westward migration of the seismic
activity along the North Anatolian Fault (Allen, 1969;
Dewey, 1976; Toksoz et al., 1979; Stein et al., 1997),
the generation of the very destructive Izmit earthquake
(17.8.1999, M=7.6, 40.76jN, 29.97jE) east of Marmara stimulated a series of studies on the future
evolution of seismic activity in this region (Parsons
et al., 2000; Hubert-Ferrari et al., 2000; Ambraseys
and Jackson, 2000; Papadimitriou et al., 2001). In
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Fig. 1. The investigated area of NW Turkey and North Aegean. The epicenters of all strong (Mz6.0) mainshocks which occurred in this area
during the 20th century are shown.

these papers, estimation of long-term evaluation of
seismicity is made on the basis of historical information, studies on stress changes induced by previous
earthquakes and GPS measurements of crustal deformation. Some results on the anticipated intermediateterm effects of the Izmit 1999 earthquake on the
seismicity of the Aegean area have also been published (Papazachos et al., 2000a).
The purpose of the present work is to investigate
the evolution of the seismic activity in this region
during the next few years by the application of a
recently developed methodology concerning accelerating seismic deformation before strong mainshocks
and, in particular, to make a specific prediction of the
evolution of this activity.
Accelerating intermediate magnitude seismicity
before large earthquakes in relatively broad regions

has been observed during the last four decades
(Tocher, 1959; Mogi, 1969; Sykes and Jaume, 1990;
Knopoff et al., 1996; Jaume and Sykes, 1996, 1999),
while studies on cellular automaton models indicate
that the largest events tend to be preceded by a power
law increase in seismicity associated with a clustering
of intermediate-sized events (Huang et al., 1998;
Sammis and Smith, 1999).
This work has been intensified during the last
decade. It has been shown that the time variation of
measures of seismic deformation (seismic moment,
Benioff strain, etc.) follows a power law predicted by
Statistical Physics, if we consider the process of
generation of these moderate magnitude shocks (preshocks) as a critical phenomenon and the large earthquake (mainshock) as a critical point (Sornette and
Sornette, 1990; Allegre and Le Mouel, 1994; Ander-
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sen et al., 1997). This power law is usually expressed
by the following relation proposed by Bufe and
Varnes (1993):
SðtÞ ¼ A þ Bðtc  tÞ

m

ð1Þ

where tc is the origin time of the mainshock, t is the
time before this shock, A, B, m are parameters and S(t)
is the cumulative Benioff strain, which is used as a
measure of seismic deformation (or of seismicity) and
can be calculated by the relation:
SðtÞ ¼

nðtÞ
X

Ei ðtÞ1=2

ð2Þ

i¼1

where Ei is the seismic energy of the ith preshock and
n(t) is the number of events which have occurred up to
time t. The seismic energy is easily calculated from
the moment magnitude of the shocks.
Relation (1) has already been used in some
attempts to predict the time and magnitude of several
mainshocks (Varnes, 1989; Bufe et al., 1994; Sormette and Sammis, 1995). These attempts, however,
have not been based on a systematic way of identifying preshock (critical) regions. A step toward this
goal has been made by Bowman et al. (1998) who
applied a procedure to identify circular regions approaching criticality before mainshocks of Mz6.5,
which occurred mainly along the San Andreas fault
system since 1950, by minimizing a curvature parameter, C, which quantifies the degree of acceleration of
the Benioff strain. They defined this parameter as the
ratio of the root mean square error of the power law
fit (relation (1)) to the corresponding linear fit error.
Observations on accelerating seismicity in the
broader Aegean area have been made by several
seismologists (Papadopoulos, 1986; Karakaisis et al.,
1991; Tzanis et al., 2000). A systematic work on this
problem has been carried out during the last 3 years,
by using data from this area, which led to the
definition of several important properties of the critical earthquake model and to the development of a
method for earthquake prediction which is based on
this model and on observations of preshock accelerating seismic deformation (Papazachos and Papazachos,
2000a,b; 2001). In the following, this method is
briefly presented and is then applied in order to
examine the evolution of the intermediate magnitude
seismicity in this region.
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2. Method and data
The method applied in this paper to predict the
epicenter, magnitude and occurrence time of an earthquake is based on the critical earthquake concept
(Sornette and Sornette, 1990), on the time-to-failure
power law (Bufe and Varnes, 1993) expressed by
relation (1), on the quantification of the accelerating
deformation by the curvature parameter (Bowman
et al., 1998) and on several properties of this model
which are expressed by appropriate relations. These
relations are the results of an extensive research on
accelerated deformation before strong earthquakes
(Mz6.0) which occurred in the broader Aegean area
since 1948 and are described in detail in the following.
Papazachos and Papazachos (2000a) considered
elliptical areas around the epicenters of several of
these strong earthquakes instead of circular ones used
by Bowman et al. (1998). After fitting the cumulative
Benioff strain released by the preshocks within each
ellipse by the power law and the linear model, they
calculated the curvature parameter C for various
combinations of the geometrical features of the ellipses (length of the major ellipse axis, its azimuth and
ellipticity) and different durations of the preshock
period. They found that the magnitude of the ensuing
mainshock, M, is correlated to the radius, R (in km), of
the circle with area equal to the elliptical region,
through the relation:
logR ¼ 0:41M  0:64

r ¼ 0:05:

ð3Þ

They also found that the duration of the preshock
period, tp (in years) is inversely related to the seismicity of the area, sr (mean Benioff strain rate in J1/2/
year/104 km2 calculated from all shocks with Mz5.2
during the whole instrumental period 1911– 1999):
logtp ¼ 5:81  0:75logsr

r ¼ 0:17:

ð4Þ

In subsequent works, Papazachos and Papazachos
(2000b, 2001) used data from 52 cases of mainshocks
in the Aegean area which were preceded by accelerated seismicity, in order to define relations between
the mainshock magnitude M and the parameter B of
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relation (1), as well as between M and the mean
magnitude, M13, of the three largest preshocks:
logB ¼ 0:64M þ 3:27

r ¼ 0:16

ð5Þ

M ¼ 0:85M13 þ 1:52

r ¼ 0:21:

ð6Þ

Parameter A of relation (1), which is the total cumulative Benioff strain including the strain of the mainshock, can be given as the product of the long-term
Benioff strain rate Sr (in J1/2/year) in the whole
preshock critical region and the duration tp of the
preshock activity:
A ¼ Sr tp :

ð7Þ

Experience gained through the study of the cases
mentioned above showed that the initial values of the
parameter m of relation (1) and of the curvature
parameter C must be smaller than 0.7, since for higher
values of these parameters the accelerating behavior
of the seismicity expressed in terms of the cumulative
Benioff strain is rather weak and practically indistinguishable from a linear time variation. Hence:
m < 0:7,

C < 0:7:

ð8Þ

To quantify the compatibility of the values of the
parameters R, tp, B, M, and A calculated for a preshock
sequence of an expected mainshock with those determined by relations (3) –(7), which have been derived
through the study of the past preshock sequences
mentioned above, a parameter P was defined (Papazachos and Papazachos, 2001). This parameter is the
average value of the probabilities that each of these
five parameters attains a value close to its expected
one from these relations, assuming that the deviations
of each parameter follow a Gaussian distribution. For
example, for the equivalent radius, R, the quantity ZR
¼ ðlogR  logRÞ=rlogR is used (logR is given by
relation (3)) as the normalized variable and the corresponding Gaussian probability PlogR=erf(ZR) was
determined, with erf() being the error function.
Moreover, a quality index q(=P/Cm) has been
suggested (Papazachos et al., 2001a) which incorporates all the constraints posed by relations (3) – (7) on
the behavior of the accelerated seismic activity in an
area, in order this activity to be considered as a

preshock sequence that may lead to the generation of
a mainshock. This index reaches its peak value at
that geographical point which is the center of the
elliptical region that corresponds to the best solution:
high P value means that the calculated parameters R,
tp, B, M, and A have values close to the expected
ones from relations (3) – (7), whereas low C value
indicates strong deviation of the cumulative Benioff
strain from the linear behavior and low m value
expresses the degree of this non-linear behavior. To
sum up: the study of all the cases of past strong
mainshocks in the Aegean area showed that in
elliptical regions with centers the epicenters of these
mainshocks (or close to them), the following cut-off
values hold:
CV0:60,

mV0:35,

Pz0:45,

qz3:0

ð9Þ

while their average values and the corresponding
standard deviations are:
C ¼ 0:44F0:12,

m ¼ 0:29F0:06,

P ¼ 0:53F0:07, q ¼ 4:9F2:1:
Accelerating deformation which follows all relations mentioned above cannot be identified (in accordance with the constraints of relation (8)) till a time, ti
(identification time), when this phenomenon is more
pronounced due to a precursory seismic excitation that
occurs within the preshock region at a time correlated
to the mainshock origin time (Papazachos et al.,
2001b). The difference Dtci=tcti between the identification time and the origin time of the mainshock is
of the order of several years (3.6F1.6 years) and is
given by the relation:
logðtc  ti Þ ¼ 5:04  0:75logsr

r ¼ 0:18:

ð10Þ

The curvature parameter C is large ( > 0.60) at the
identification time and gradually decreases as the
origin time of the mainshock is approached. The time
difference between the origin time of the mainshock
and the identification time, deduced from relations (4)
and (10), is about 17% of the duration of the preshock
sequence. That is:
tc  ti ¼ ð0:17F0:05Þtp :

ð11Þ

It is worth mentioning that Yang et al. (2001) independently found that only in the final 1/6 (f17%) of
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the preshock time period can the preshock region be
identified. Relations (10) and (11) can be used for
estimating the origin time of the oncoming mainshock
if the identification time is known. It must be noted
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that sr and tp are estimated by the available data at the
identification time.
To apply this method, a grid of points 0.25j apart
is defined for the examined area and an algorithm

Fig. 2. The spatial distribution of the curvature parameter C (upper) and the quality index q (lower). Dark grey tones correspond to grid points
for which local best solutions have been found, whereas blank areas correspond to grid points where the respective solutions are found to be
outside the limits of relation (9).
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developed by Papazachos (2001) is used for each
point to identify regions of accelerating seismic deformation (Benioff strain). According to this algorithm, shocks (preshocks) with epicenters in an
elliptical region centered at a certain point of the grid
are considered and values for the parameters of relation (1) as well as the curvature parameter C are calculated. Calculations are repeated for several values of
the azimuth, z, of the large ellipse axis, of the length, a,
of this axis, of the ellipticity, e, and of the time, ts
(=tctp), since when accelerating seismic deformation
started. These calculations are also repeated for several magnitudes (typically ranging between Mmin=5.8
and the magnitude of the largest known earthquake in

the area, Mmax), and for several assumed values of the
origin time, tc, of the mainshock and solutions which
fulfill relation (9) are kept. From these solutions, we
choose as the ‘‘local’’ best solution the solution with
the highest q value. Then, the procedure is repeated
for other points of the grid. After examining all the
solutions obtained for all the grid points, we calculate
the geometrical mean of these solutions (which satisfy
relation (9)) and this point is considered as the epicenter of the oncoming mainshock. From all solutions
which ful- fill relation (9) the one for which q has the
highest value is considered as the best solution and the
time corresponding to this solution is considered as a
tentative value for the origin time of the oncoming

Fig. 3. The elliptical critical regions and the epicenters of preshocks. The stars correspond to the epicenters of the expected mainshocks.
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mainshock. The average of the three M values calculated by relations (3), (5), and (6) for the best
solution is considered as the magnitude of this mainshock. Using this procedure, the origin time is very
roughly estimated because this time is quite sensitive
to errors introduced in the performed calculations. For
this reason, a second step of calculations is applied,
based on an additional technique (see below) that gives
a better estimation of the parameters of the expected
mainshock and particularly of its origin time.
The technique which is used for a more accurate
calculation of the origin time, tc, of an expected
mainshock is based on a change in the relation
Ti=f(Tc) between the assumed origin time, Tc, and
the calculated identification time, Ti, when Tc becomes equal to tc (Papazachos et al., 2001b), bearing
in mind that the time of observation is always
considered as equal to Ti, i.e. the real data used in
the calculations concern only preshocks which occur
up to the time Ti.
For several assumed origin times, Tc , of the
expected mainshock, the corresponding identification
times, Ti, are calculated. The change mentioned before
is usually an abrupt increase of Ti at Tc=tc. A decrease
of C (implying a growing deviation from linearity) is
also observed at Tc=tc. This precursory phenomenon
gives the possibility for estimating the origin time as
well as the identification time, ti (Ti=ti at Tc=tc)
which can be used in relations (10) and (11) for
alternative estimation of tc. Thus, having a more
accurate origin time we repeat the calculation for a
more accurate epicenter and magnitude. An example
of such a graph is presented later in the text.
It has also been observed (Papazachos et al.,
2001b) that this increase of the calculated identification time Ti is associated with strong variations of
several relevant parameters: the number, n, of the
preshocks increases (seismic excitation), whereas the
values of the parameters C, m and t13 (difference of
the mean origin time of the three largest preshocks
and the mainshock origin time) decrease. The increase
of the number of preshocks may be attributed to a
swarm-like activity (Evison and Rhoades, 1997). On
the other hand, C and m decrease since the cumulative
Benioff strain exhibits stronger deviation from linearity. The decrease of t13 is attributed to the occurrence of at least one of the largest preshocks during
this swarm. If we consider the relative rate for each
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parameter, i.e. the ratio of its rate to the maximum
absolute value of the rate observed during the whole
period examined, then a measure of the seismic
excitation expressed in terms of these five ratios (ri,
rn, rc, rm, rt) can be calculated for each time interval in
which the examined period is separated. Therefore,
the average of these five relative values is considered
as a measure of this precursory phenomenon and is
called Preshock Excitation Indicator (PEI). PEI varies
between 0 and 1 in the case of a relative increase of
the seismic activity (seismic excitation) with respect

Fig. 4. Time variation of the cumulative Benioff strain, S(t), for the
elliptical areas A and B shown in Fig. 3. The dashed curve corresponds to the fit of relation (1), while the solid line to the linear fit.
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to the activity predicted by the relation (1) and between 1 and 0 for relative decrease of the seismic
activity (seismic quiescence).
The data used to calculate the Benioff strain have
been taken from a catalogue compiled by Papazachos
et al. (2000b) and belong to one of the following three
complete sets of data: 1911– 1949 M z5.2, 1950 –1964
M z5.0, 1965 –2001 M z4.5. The errors in the epicenters are of the order of 15 km for earthquakes which
occurred after 1965 (when the first network of seismic
stations was established in Greece) and 25 km for older
earthquakes. All magnitudes are equivalent moment
magnitudes and their errors are up to 0.3. The formula:
logE ¼ 1:5M þ 4:7

ð12Þ

derived by Papazachos and Papazachos (2000a), has
been used to calculate the seismic energy (in Joules)
from the moment magnitude and then the Benioff strain
is calculated by relation (2).

3. Results
Fig. 2 shows the spatial distribution of the C and q
values which have been derived following the previously described approach and satisfy the constraints
of relation (9). Blank areas correspond to grid points
where the ‘‘local’’ best solutions have either C values
larger than 0.60 or q values smaller than 3.0. It is
observed that most of the smallest values of Cmin
(<0.4) are distributed in a region which starts from the
west Marmara Sea and trends in a SSW direction
(dark grey color in Fig. 2). Specifically, there is an
area roughly bounded by 26.5jE – 27.8jE and
39.2jN – 40.7jN where particularly low C and high

q values are observed. In this region, the method
described in the previous section has been applied to
determine the epicenter, the magnitude and the origin
time of the expected mainshock as well as the best
solution parameters (z, a, e, m, etc.). The best solution
in this region, which coincides with the geometrical
center of the area where q reaches its largest value,
suggests that the expected earthquake will have the
following basic focal parameters: M=6.4, tc=2002.5,
u=40.0jN, k=27.4jE.
In Fig. 2, another broader area can be identified,
where the curvature parameter has also relatively
small C and high q values. This area (38.2jN –
40.8jN, 28.00jE – 30.0jE), which is located east of
the already investigated region and has an about NW –
SE trend, has also been examined. We found that
another strong earthquake can be expected to occur in
this area. The epicenter of the expected earthquake is
close to that grid point which corresponds to the best
solution (highest q value).
Fig. 3 shows the elliptical (preshock) regions
which correspond to the best solutions for the expected mainshocks, along with the epicenters of the
preshocks. Comparison of Fig. 3 with Fig. 2 shows
that the regions of accelerating deformation defined
for the expected mainshocks (Fig. 3) have a similar
orientation and spatial extent with the areas of very
low and relatively low C values, respectively (Fig. 2).
The magnitudes of the preshocks within the elliptical regions were used to calculate the cumulative
Benioff strain, S(t), which is shown in Fig. 4 as a
function of time. The dashed line is the fit of relation
(1) to the data while the solid line corresponds to the
linear fit. It is observed that the data are clearly best
fitted by the power law model. The examination
shows that the region A is at a seismic excitation

Table 1
Parameters of the best solutions of the two expected mainshocks
uN0 , k0E

M

tc

C

m

q

a (km)

z

e

Mmin

n

tp

ts

40.0jN, 27.4jE
39.2jN, 29.2jE

6.4
7.0

2002.5
2003.5

0.29
0.40

0.22
0.19

9.87
7.18

130
273

0j
150j

0.90
0.90

4.5
5.0

32
50

17.5
25.5

1985
1978

The first three columns show the geographic centers of the elliptical regions A and B, the magnitudes, M, of these mainshocks and their origin
times, tc. The values of parameters C, m and q are given in the next six columns along with the geometrical characteristics of the elliptical areas
for these solutions (length, a [in km], of the major ellipse axis, its azimuth, z, and ellipticity, e). The last four columns give information on the
cut-off magnitudes, Mmin, of the preshocks considered, their numbers, n, the durations of the preshock period, tp, and the years, ts, since when
the accelerating preshock deformation started.
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observed acceleration. If we accept the interpretation
that this is a preshock activity of an oncoming mainshock, the following basic focal parameters of this
mainshock can be determined: M=7.0, tc=2003.5,
u=39.7jN, k=28.8jE.
The complete solution vectors for the best solutions of the two expected strong earthquakes are listed
in Table 1. In the first three columns of this table, the

Fig. 5. Variation of the calculated identification time, Ti, (a), and of
the Preshock Excitation Indicator (PEI) (b), as a function of the
assumed origin time, Tc, for the broader Canakkale region (ellipse A
in Fig. 3). An abrupt increase of Ti as well as of PEI is observed at
Tc=2002.5 years. The arrows show the predicted origin time, tc.

(acceleration) since 1985, whereas the preshock activity in region B started in 1978. The excitation in the
region B can be a part of the seismic activity which
led to the generation of the large Izmit, 1999 earthquake or is a preshock activity which will lead to the
generation of a new oncoming mainshock. The resolution of this ambiguity is a difficult problem. It is
probable that more data need to be accumulated
before we can finally resolve the character of the

Fig. 6. Time variation of the C value for the two elliptical areas (see
text for explanation).
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geographic coordinates of the points which correspond to the best solutions (uNj, kEj), the magnitude,
M, and the origin time tc are given. In the same table
the other parameters of the best solutions are given.
These are the curvature parameter, C, the parameter,
m, the quality index, q, the length of the large ellipse
axis, a (in km), its azimuth, z, and the ellipticity, e.
The minimum magnitude for the preshocks, Mmin, the
number of observations, n (number of preshocks plus
the mainshock), the duration, tp, of the preshock
sequence and the year, ts, since when the accelerating
preshock deformation started, are also shown.
Fig. 5a shows a plot of the calculated identification
time, Ti, as a function of the assumed origin time, Tc,
for the expected mainshock in the region A and Fig.

5b shows the plot of the Preshock Excitation Indicator
(PEI) as a function of Tc. It is clear that at Tc=2002.5,
an abrupt increase of the calculated identification time
Ti is observed (from 1998.7 to 1999.8), as well as an
increase of PEI which reaches its highest value in the
whole interval examined, and therefore the origin time
of the expected mainshock is tc=2002.5 according to
this method. Similar graphs have been examined for
the expected mainshock in the region B.
We have also examined the time variation of the C
parameter in the two regions, since it is expected that
as we approach the time of the mainshock, the
accelerating behavior of the seismic activity is more
pronounced. The time variation of the parameter C,
calculated without considering the mainshock magni-

Fig. 7. Time variation of the b values of the Gutenberg – Richter recurrence law for the earthquakes in the ellipses A and B of Fig. 3. A moving
window of at least 40 events has been used, while the magnitude range, DM, is always larger than or equal to 1.5.
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tude, is shown in Fig. 6. The first six preshocks of
each critical region were considered and all parameters of relation (1), as well as the curvature parameter
C, were calculated. Then, the number of preshocks
was increased until the total number of preshocks
within the critical region (excluding the mainshock)
was reached. It is observed that the C values decrease
as the expected mainshock origin time is approached.
Such decreasing trend of the C parameter with time
has already been observed before past strong earthquakes in the broader Aegean area (Karakaisis et al.,
2002a), as well as in several elliptical regions in this
area where accelerating seismic activity is currently
observed (Papazachos et al., 2001a,c; Karakaisis et al.,
2002b).
The systematic increase in intermediate-level seismicity prior to strong earthquakes which has been
proposed by several authors (Varnes, 1989; Bufe
et al., 1994; Jaume and Sykes, 1999) is also frequently
reflected in the frequency – magnitude distribution.
For this reason we studied the time variation of the
values of the parameter b of the Gutenberg and
Richter recurrence law (1944) and we consider not
only the preshocks used to determine the Benioff
strain in these elliptical areas but all the complete
data above a certain cut-off magnitude (4.0 for area A
and 4.4 for area B). For each ellipse, we first calculated the bell value for the whole preshock period.
Then, b values were calculated for a moving window
of at least 40 events, with a step of one event, under
the constraint that the magnitude range was at least
1.5 (Papazachos, 1974). Both constraints (minimum
number of 40 events and magnitude range) were used
to avoid instabilities in estimating the b values. These
b values have been plotted, after division by bell,
against time and are shown in Fig. 7. Decreasing b
values can be observed for both cases, in accordance
to similar results for several past strong earthquakes in
the Aegean area (Karakaisis et al., 2002a).
Regarding the uncertainties of the basic focal
parameters of the expected mainshock (epicenter,
magnitude, origin time), Papazachos et al. (2001d)
estimated such uncertainties by applying the same
method to make retrospective predictions for 18
recent strong earthquakes in the broader Aegean area
and compared the results with the observed parameters. Based on their results we can conclude that there
is a high probability (>90% confidence) for the epi-
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centers of the expected mainshocks to be within a
distance of less than 100 km from the given ones. The
corresponding uncertainties are F0.5 for the magnitude and F1.5 years for the origin times of the
expected mainshocks.

Fig. 8. b values calculated for the first and second halves t1 and t2
into which the preshock catalogue of each ellipse (A and B) has
been divided. In both cases, it is observed that the b values of the
later period (t2, black circles) are smaller than the corresponding
values of the earlier period (t1, grey circles), in agreement with
independent observations in other areas (Jaume and Sykes, 1999).
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4. Discussion
It is not yet known whether accelerating seismicity
always leads to a mainshock generation, while some
cases have been reported in which no clearly distinguishable accelerating seismicity was observed before
some mainshocks (Bowman, 1992; Bufe et al., 1994).
However, recent relevant work for the Aegean area
(Papazachos and Papazachos, 2000a,b, 2001) shows
that all recent strong earthquakes for which reliable
data are available were preceded by accelerating
seismicity. Moreover, the fact that the procedure
followed throughout the present work resulted in the
identification of an elliptical region in the North
Aegean where a strong (M=6.3) shallow earthquake
occurred on 26 July 2001, that is, about 10 months
after the identification of the region (Karakaisis et al.,
2002b), is encouraging.
An additional observational evidence that seismic
activation takes place now in the elliptical regions of
Fig. 3 is based on the seismic activation hypothesis of
Rundle et al. (2000) who suggest that there is an
increase in the rate of occurrence of intermediatesized earthquakes prior to the generation of the mainshock, whereas the rates at which smaller earthquakes
occur during a seismic cycle are independent of time.
Jaume and Sykes (1999) tested this hypothesis by
examining the frequency– magnitude distribution of
earthquakes during earlier and later periods of four
preshock sequences and found that three of them fitted
this hypothesis. We have also tested this hypothesis
and for this reason, we split the complete preshock
catalogue of each elliptical region into two halves t1
and t2 and calculated the respective b values (Fig. 8).
In both cases we found that the b values of the second
half (black circles), which correspond to the later
periods of the preshock activity, are considerably
smaller than the b values of the first halves (grey
circles) that correspond to the earlier periods.
We can therefore conclude that the currently
observed accelerating seismic crustal deformation
(Benioff strain) in the westernmost part of North
Anatolian Fault Zone will very probably culminate
by the generation of at least one strong (M>6.0)
mainshock during the next few years. Simple calculations show that the probability of occurrence of a
main event within the specified space – time – magnitude range by random chance is about 9% for the

elliptical region (ellipse A) of Canakkale and 2% for
the elliptical region of Bursa (ellipse B).
The results presented in this study show that the
epicenter of the probably ensuing earthquake (40.0jN,
27.4jE) in the broader Canakkale region, as well as
the epicenter (39.7jN, 28.8jE) of the probably ensuing mainshock in the broader eastern Marmara area,
are located in the southern branch of the western part
of the North Anatolian Fault Zone (see Fig. 2). This
observation probably indicates that this branch will be
activated during the next few years. Independently of
the occurrence or not of these mainshocks, the accelerating seismic deformation in this area (manifested
by the generation of intermediated magnitude shocks)
is an observational fact (see Fig. 4). Some of these
shocks may be strong enough (Mf6.0) and capable
of producing damage in this densely populated area.
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