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Abstract In recent years, a large number of quarry
blasts have been detonated in the eastern Black Sea
region. When these blasts are recorded by seismic sta-
tions, they contaminate the regional earthquake catalog.
It is necessary to discriminate quarry blast records from
the earthquake catalogs in order to determine the real
seismicity of the region. Earthquakes and quarry blasts
can be separated through different methods. These
methods should be applied concurrently in order to
safely distinguish these events. In this study, we dis-
criminated quarry blasts from earthquakes in the eastern
Black Sea region of Turkey.We used 186 seismic events
recorded by the Karadeniz Technical University and
Bogaziçi University Kandilli Observatory Earthquake
Research Institute stations which are Trabzon, Espiye,
Pazar, Borçka, Aydıntepe, and Gümüşhane between
years of 2002 and 2010. For the discrimination of quarry
blasts from earthquakes, we used both, statistical meth-
ods (calculation of the maximum ratio of S to P waves
(S/P), complexity (C)) and spectral methods (spectro-
gram calculation). These methods included measuring

the maximum amplitude S/P, C, spectral ratio, and time-
frequency analysis. We especially relied on two-
dimensional time-frequency analysis methods to dis-
criminate quarry blasts from earthquakes in Turkey. As
a result of this study, 68 % of the examined seismic
events were determined to be quarry blasts and 32 % to
be earthquakes. The earthquakes occurring on land are
related to small faults and the blasts are concentrated in
large quarries. Nearly 40 % of the earthquakes occurred
in the Black Sea, most of them are related to the Black
Sea thrust belt, where the largest earthquake was ob-
served in the time period studied. The areas with the
largest earthquake potential in the eastern Black Sea
region are in the sea.
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1 Introduction

The eastern Black Sea region is related to the Eastern
Pontides, known as the eastern Black Sea mountain
belt. This belt takes part of the Alpine Himalayan
orogen and elongates for about 600 km from Samsun
in the W to Hopa in the E. The N-S extension from
Trabzon (N) to Erzincan (S) amounts to approximately
125 km. Active deformation zones in the eastern
Pontides create three different seismic belts from south
to north (Bektaş et al. 1995; Eyüboğlu et al. 2007).
These belts represent (1) a southern seismic zone
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covering the North Anatolian Fault, the North East
Anatolian Fault, and the region from Erzincan to
Erzurum; (2) a middle seismic zone related to the eastern
Black Sea region and coastal region; (3) a northern
seismic zone covering the Black Sea. Figure 1 shows
the generalized tectonic and geologic map showing
these main zones and lithological units of the eastern
Pontides. Chekunov et al. (1994) report that the seismic
activity, the focal depths and the magnitudes increase
from N to S depending on the thickness and properties
of the crust. Seismic activity has been observed
along fault lines such as the Bayburt–Gümüşhane–
Espiye Fault line and the Alucra–Torul–Trabzon
Fault line (Bektaş and Çapkınoğlu Bektaş and
Çapkinoğlu 1997). The southern margin of the
Black Sea has been determined to thrust along the
Georgia to Romanian belt (Barka and Reilinger
1997). This thrust belt is intersected by strike-slip
faults such as the Rize fault, the Trabzon fault, and
the Ordu fault (Bektaş et al. 1995).

An 815-km-long highway was recently built on the
Black Sea coast, between Samsun and Sarp. Filling

material was used to push back the Black Sea during
the construction of this highway (Kaya et al. 2003). A
large number of blasts have been detonated in different
surface quarries to produce the filling material over the
course of nearly two decades. These quarry blasts have
been recorded by the regional seismic network and
represent the dataset for the current study. The seismic
recorders not only record the earthquakes occurring in
the area but also quarry, mine, and chemical blasting
and other artificial sources. These artificial events
contaminate the seismicity catalogs, causing seismic
risk and hazard studies in the region to be assessed
incorrectly. Since it is necessary to use a uniform
earthquake catalog in these studies, artificial events
such as quarry blasts should be excluded from regional
catalogs. Discrimination of earthquakes from quarry
blasts using simple methods, i.e., satellite images,
occurrence times, may not be accurate if quarries are
located along active fault zones (Horasan et al. 2009;
Wiemer and Baer 2000). Discrimination can be made
by applying different methods to both the time and
frequency domain. Wüster (1993) used Lg/Pg and Lg/

Fig. 1 Generalized tectonic map showing main zones and
lithological units of the eastern Pontides orogenic belt. NAF
North Anatolian Fault, NEAF North East Anatolian Fault

(Eyüboglu et al. 2012). Green, purple, and pink areas
represent in northern zone, southern zone, and axial zone,
respectively
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Rg ratio methods in Germany/Czechoslovakia.
Baumgardt and Young (1990) considered the ratios
of Pn/Sn and Pn/Lg for Western Norway. Gitterman
and Shapira (1993) used the spectral rate of low and
high frequencies of seismic energy. Seismic events
were examined in the domains of time and frequency
by Horasan et al. (2009) for Istanbul and vicinity,
Sertçelik and Başer (2010) for the South Aegean
Region, Öğütçü et al. (2011) for Konya and its vicin-
ity, and Kartal and Horasan (2011) for Trabzon and its
vicinity. Kekovali et al. (2011) estimated capability of
potential mining and quarry areas from seismic catalog
using statistical analysis for Turkey.

The purpose of this study is to discriminate surface
quarry blasts from earthquakes in seismic events
recorded between 2002 and 2010 in the eastern Black
Sea area (lon 37.6° E–42.0° E and lat 40.2–41.5° N).
These events were recorded by the Trabzon (KTUT),
Espiye (ESPY), Gümüşhane (GUMT), Aydıntepe
(BAYT), Borçka (BCA), and Pazar (PZAR) stations
belonging to Karadeniz Technical University (KTU)
and the Bogaziçi University Kandilli Observatory
Earthquake Research Institute (KOERI). After elimi-
nating quarry blasts, we will have a catalog that con-
tains only the earthquakes that occurred in this region,
thus identifying the seismicity level of the eastern
Black Sea region and its active faults generating earth-
quakes. Furthermore, future seismic risk and hazard
studies made using this catalog will yield more accu-
rate results.

2 Data and methods

In this study, we examined 186 seismic events by
KTU and KOERI stations between the years of 2002
and 2010. An overview of the stations is listed in
Table 1. Stations KTUT, ESPY, PZAR, BCA, and
BAYT are equipped with broad-band seismometers
and GUMTwith a short period sensor. Figure 2 shows
the epicenter distribution of the all seismic events
recorded, seismic stations and quarries in the region
between 2002 and 2010. The magnitudes, locations,
and depths of the events are taken from Seismological
Observatory of KOERI that provides and the real-time
data with the modern on-line and dial-up seismic
stations in Turkey and determines, as rapidly and
accurately as possible, the location and magnitude of
all earthquakes. Generally, the duration magnitudes

(Md) of the events range between 2 and 3.5. Only
two seismic events with M>4.0 have been recorded
in the period from 2002–2010. The first event (Md=
4.2, 20 Jun 2008) occurred on the Eynesil–Giresun
coast and the second event (Md=4.6, 18 Nov 2003)
occurred in Artvin. The focal depths all the events in
the region ranged between 2.1 and 26.5 km. Between
2006 and 2010, the maximal localization errors (ERH)
amounted to 5 and 10 km for the on- and off-shore
seismicity, respectively. The corresponding RMS error
values are 0.1–0.5 s and 0.3–0.8 s.

The daytime distributions of seismic events in the
studied area are shown in Fig. 3, demonstrating that
seismic activity is highest between 10 a.m. and 2 p.m.
GMT (12 a.m. and 4 p.m. local time).

We have identified two steps in this study. As a first
step, to determine dataset we used simple criteria that
belong to distinguish earthquakes from quarry blasts.
These basic criteria were separation of daytime and
nighttime, epicenter distance, magnitude, and focal
depth. Earthquakes can occur at any hours during the
day. However quarry blasts commonly occur during
the working hours (8 a.m. and 5 p.m. local time) of the
day (Horasan et al. 2009; Wiemer and Baer 2000).
Additionally, quarry blasts occur on land and near the
surface. Another case, commonly quarry blasts have
magnitudes and focal depths smaller than about 3.0
and 10 km, respectively. Therefore, we selected 186
seismic events from recorded 319 events between
2002 and 2010 that occurred on land, hours of the
working days, smaller than 3.0 magnitudes, and 15 km
focal depth. We considered the events occurred in the
Black Sea, occurred during the nighttime on land,
greater than magnitude, and focal depth 3.0 and
10 km as earthquakes. Thus, we examined the 186
events which are marked by purple hexagon in Fig. 2
occurred on the land during the daytime. In the second

Table 1 General information about the stations used in the
study

Station Latitude Longitude Station type

KTUT 40.9870 39.7667 Broad Band

ESPY 40.9167 38.7273 Broad Band

PZAR 41.1780 40.8988 Broad Band

BAYT 40.3935 40.1410 Broad Band

BCA 41.4450 41.6223 Broad Band

GUMT 40.4675 39.4780 Short Period
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step, we analyzed statistical and spectral new dataset
in detail. In order to distinguish these events, we used
three different methods, considering the S/P to logS
amplitude ratio, the discrimination of complexity and
spectral ratios, and two dimensional time-frequency
analysis (TFA).

The first method used in the analysis plots the ampli-
tude peak ratio of the S to P waves versus the logarithm
amplitude peak of the S wave in the time domain of the
seismogram (Wüster 1993; Baumgardt and Young
1990). For each of the 186 seismic events, the maximum

of P and S wave amplitudes were read from the vertical
component records of stations KTUT, ESPY, BAYT,
BCA, PZAR, and GUMT. The ratio of maximum S
wave amplitude to the maximum P wave amplitude (S/
P) was drawn against the logarithm ofmaximum Swave
amplitudes (logS). Then, linear discriminant function
(LDF) analysis was used to distinguish earthquakes
from quarry blasts (Fisher 1936).

LDF is related to both multivariate analysis of vari-
ance and multiple regressions and is used to determine
the variables that discriminate between two or more
naturally-occurring groups. In the two-group case, dis-
criminant function analysis can also be thought of as a
multiple regression process. If the two groups from anal-
yses 1 and 2 used that variable as the dependent variable
in a multiple regression analysis, then they would yield
results that are analogous to those that would be obtained
via discriminant analysis (Hill and Lewicki 2007).

In general, two-group linear discriminant functions
can be demonstrated simply, as below:

group ¼ aþ b1x1 þ b2x2��� þ bmxm ð1Þ
where a is a constant, b1 through bm are regression
coefficients, and x1 is the standardized value of xm
discriminating variables. The interpretation of the
results of a two-group problem is straightforward and
closely follows the logic of multiple regressions. Those
variables with the largest regression coefficients are the

Fig. 2 Map of the distribution of seismic stations, major quarries,
and seismic events between 2002 to 2010 in the study area (purple
hexagons show studied seismic events, gray circles show

earthquake occurred during nighttime and also in the Black Sea,
red symbols show quarries, and yellow triangles show seismic
stations of KTUT, ESPY, PZAR, BCA, BAYT, and GUMT)

Fig. 3 Distribution of the seismic events by time of day in the
study area
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ones that contribute most to the prediction of group
membership (Hill and Lewicki 2007). A MATLAB
program was developed for LDF analysis using algo-
rithms given by Vojtech and Hlavac (2004). The ratio of
S/P to logS was calculated separately for each station.

In the discriminant analysis between earthquakes and
quarry blast, a second method was employed plotting
complexity (C) versus the spectral ratio of the seismo-
gram (Sr). In these definitions, C is the ratio of the
seismogram’s integrated powers s2 (t) in the selected
time windows (t1–t2 and t0–t1). Sr is the ratio of the
seismogram’s integrated spectral amplitudes a(f) in the
selected frequency bands (high-frequency band, h1–h2,
and low-frequency band, l1–l2). C and Sr can be written
as below (Arai and Yosida 2004; Gitterman and Shapira
1993):

C ¼
Zt2

t1

S2ðtÞdt=
Zt1

t0

S2ðtÞdt ð2Þ

Sr ¼
Zh2

h1

aðf Þdf=
ZI2

I1

aðf Þdf ð3Þ

The limits of the integrals (t0, t1, and t2) of C given
in Eq. (2) were determined by a trial-and-error ap-
proach to find the best representative C values for both
blasts and earthquakes having the same magnitude.
For example, C values of blasts and earthquakes are
0.59 and 11 for selected time windows of t0=0 s, t1=
2 s, and t2=4 s. The C value of blasts increases as the
selected length of the time window increases (C=0.59
for t0=0 s, t1=2 s, and t2=4 s; C=0.62 for t0=0 s, t1=
2 s, and t2=5 s) (Horasan et al. 2009). For this reason,
the greatest available time window was chosen in
distinguishing blasts from earthquakes based on the
calculated C values. The limits of the integrals (h1, h2,
l1, and l2) used in the calculation of spectral ampli-
tudes for Sr in Eq. (3) were determined by comparing
the spectra of quarry blasts with those of earthquakes
(Horasan et al. 2009).

The P wave energy of a quarry blast is greater than
that of the S wave, whereas the S wave energy of earth-
quakes is larger than that of the P wave. The frequencies
and phases of the seismic waves resulting from earth-
quakes and explosions are different. Earthquakes have a
wider bandwidth, than quarry blast. P waves resulting

from explosions contain higher frequencies and more
impulses. Fourier analysis converts a signal from the
time domain to the frequency domain. However, this
method does not give information about the frequency
values, which correspond to the time periods. The TFA
method transforms a one-dimensional (1-D) signal into
a two-dimensional (2-D) function of time and frequency
and illustrates how the spectral content of the signal
changes with time. TFA indicate changes in signal fre-
quency content over time by combining time-frequency
functions (Cohen 1989). Using TFA with seismic
records, it is easier to identify possible small blasts. In
this study, we used a short-time Fourier transform
(STFT), which is a linear TFA.

The basic concept in the STFT method is to divide
the signal into small segments of the same width and
perform Fourier analysis on each of them to determine
the frequencies present in each segment (Cohen 1995).
The amplitude distribution is defined in Eq. (4) by
STFT through the linear integral,

STFTx t; fð Þ ¼
Z1

�1
x tð Þ:h t � tð Þ:e�i2pf tdt ð4Þ

The STFT method (Gabor 1946) shows the local
spectrum of signal x(τ) around time t, selected by
localization window h(t). A MATLAB program was
used for STFT analysis using algorithms given by
Auger et al. (1997).

3 Results and discussion

The maximum epicenter distance between events and
stations used in this study, is about 200 km. Because the
Moho depth changes about 40 km (Grad et al. 2009) in
this study area and consequently the cross over distance
about 200–210 km. Since this value is lower than the
cross-over distance in this region, we considered all first
arrival as Pg phase. The ratios of S/P to logS values were
calculated and plotted for each station. Figure 4 shows
the amplitude peak ratios of S to P waves versus the
logarithms of amplitude peaks of S waves in the time
domain for the vertical components of the seismograms
of the investigated seismic events recorded by the
KTUT, ESPY, BAYT, PZAR, GUMT, and BCA sta-
tions, respectively. In order to apply the LDF method
to the seismic events, we divided the ratios of S/P into
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two different groups, because the S amplitudes of earth-
quakes are larger and the P amplitudes lower than those
of blasts. The first group, likely blasts, includes

amplitude ratios lower than 1.0 and the second group,
likely earthquakes, includes those greater than 1.0. The
lines separating earthquakes from quarry blasts (Fig. 4;

Fig. 4 Graphics of S/P versus logS determined from the records
in time domain of the vertical component of the seismograms
stations: KTUT (a), ESPY (b), BAYT (c), PZAR (d), GUMT

(e), and BCA (f). The discrimination line has been determined
from a LDF for each station (blue stars show quarry blast and
red circles show earthquakes)
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Table 2) were determined through LDF using algo-
rithms given by Vojtech and Hlavac (2004). Blue stars
in Fig. 4 are quarry blasts, and red circles are earth-
quakes. According to this distinction, accuracy classifi-
cations are 96.3, 89.3, 100, 100, 96.5, and 100 % for
stations KTUT, ESPY, BAYT, PZAR, GUMT, and
BCA, respectively.

The results from the LDF analysis showed, that in
some cases this method could not separate earthquakes
and quarry blasts. Some earthquakes remained below
the lines of discrimination (Fig. 4a, b, e). The criteria
used in this study for LDF analysis were that S/P be
lower than 1.0 for the blast group and S/P be higher
than 1.0 for the earthquake group. As seen in Fig. 4, if
the S/P ratio is around 1.0, earthquakes are placed
under the discrimination lines and interpreted as

blasts. In these cases, we used Fourier transforms
and TFA to decide whether these events were earth-
quakes or blasts.

C–Sr ratio values were calculated and plotted for
each station. Figure 5 shows complexity (C) versus the
spectral ratio (Sr) for the investigated seismic events in
stations KTUT, ESPY, BAYT, PZAR, GUMT, and
BCA, respectively. The time windows and frequency
bands used in the calculation of C and Sr were selected
as t1–t2 (3–10 s) and t0–t1 (the onset time of the P wave
—3 s) and h1–h2 (8–15 Hz) and l1–l2 (1–7 Hz), re-
spectively; C becomes larger for earthquakes in com-
parison with quarry blasts. According to this method,
correct classifications occurred in 94.4, 85.7, 100,
73.3, 91.2, and 78 % of the cases for stations KTUT,
ESPY, BAYT, PZAR, GUMT, and BCA, respectively.

Table 2 The results of discrimi-
nant analysis of methods of
the S/P versus logS between
earthquake and quarry blasts for
BAYT, KTUT, BCA, ESPY,
PZAR and GUMT stations

The percentages of classifica-
tions are 96.3, 89.3, 100, 100,
100, and 96.5 % for stations
KTUT, ESPY, BAYT, PZAR,
BCA, and GUMT, respectively

Station Type Predicted type Total

Blast Earthquake

BAYT Original Blast 10 0 10

Earthquake 0 5 5

% Blast 100 0 100

Earthquake 0 100 100

KTUT Original Blast 44 0 44

Earthquake 2 8 10

% Blast 100 0 100

Earthquake 20 80 100

BCA Original Blast 13 0 13

Earthquake 0 5 5

% Blast 100 0 100

Earthquake 0 100 100

ESPY Original Blast 16 0 16

Earthquake 3 9 12

% Blast 100 0 100

Earthquake 25 75 100

PZAR Original Blast 5 0 5

Earthquake 0 9 9

% Blast 100 0 100

Earthquake 0 100 100

GUMT Original Blast 41 0 41

Earthquake 2 14 16

% Blast 100 0 100

Earthquake 12.5 87.5 100

Total events Blast 129 0 129

Earthquake 7 50 57
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Fig. 5 Distribution of complexity-spectral ratio (C-Sr) of
the seismograms stations: KTUT (a), ESPY (b), BAYT (c),
PZAR (d), GUMT (e), and BCA (f). The discrimination

line has been determined from a LDF for each station
(blue stars show quarry blast and red circles show
earthquakes)
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The results of the classification ratios observed
using the two methods indicate that the S/P versus
logS method provides better discrimination between
earthquakes and quarry blasts than the C–Sr method.

We applied Fourier transforms and TFA to the
events, formerly not explicitly discriminated.
Statistical methods may give incorrect results in some
cases, such as inaccurate identification of the wave
amplitudes on the seismograms, or errors in the calcu-
lations of the values related to time and frequency
intervals. Hence, the records of the remaining events
need to be further examined by spectral methods.
Generally, to examine the frequency of the seismo-
grams, a 1-D Fourier transform has been used in the
literature. For example, Horasan et al. (2009), Öğütçü
et al. (2011), and Kartal and Horasan (2011) used
spectral analysis with a Fourier transform. However
in recent years TFA method has been used in the
analysis of seismic events records and the discrimina-
tion of earthquakes and explosions (Arrowsmith 2009;
Kristekova et al. 2008). As well as using the 1-D
Fourier method, we used the TFA for the first time in
Turkey in this study to distinguish earthquake and
explosion records.

We considered two criteria to separate earthquakes
and explosions in the TFA method: the distributions of
maximum wave amplitudes and different phase groups.
The first criterion is to observe the maximum released
energy. For quarry blasts, energy is released suddenly
and maximum amplitudes are observed in the beginning
of the record in the time. The maximum energy spreads
through large frequencies in the frequency domain and
is concentrated in the first part of the TFA. In earthquake
records, S wave amplitudes are much larger than P wave
amplitudes. Maximum amplitudes are observed in the S
wave train arriving later than the P wave train in the time
domain. The maximum energy spreads through lower
frequencies than those of P waves in the frequency
domain and is not concentrated in the first part of the
TFA. The second criterion of discrimination is the
observation of the Rg phase. The Rg phase, often
observed on the vertical component records of quarry
blasts and very shallowly focused earthquakes, has a
spectral peak at 0.5–2.0 Hz (Kim et al. 1994). Quarry
blasts often consist of several delayed blasts for eco-
nomic and safety reasons. This is called ripple firing
or delayed shooting. The multiple explosions modu-
late the spectrum of the signal. Hedlin et al. (1989,

Fig. 6 The vertical compo-
nent of the seismograms in
the time, frequency and
time-frequency domain with
STFT. Spectrogram of the
Trabzon Hayrat quarry blast
(Md=2.7) recorded at
station BAYT on 20 Oct
2008. The Rg phase can be
observed at 12 s/4 Hz
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1990) and Beck and Wallace (1995) used this prop-
erty to discriminate between ripple-fired blasts and
earthquakes.

Figures 6, 7, 8, and 9 show the vertical components
of the time domain, frequency domain, and 2-D TFA
with STFT method for a quarry blasts and earthquakes,

Fig. 7 The vertical compo-
nent of the seismograms in
the time, frequency, and
time-frequency domain with
STFT. Spectrogram of the
Giresun–Görele quarry
blast (Md=2.6) recorded
at station GUMT on
27 Jan 2008

Fig. 8 The vertical compo-
nent of the seismograms in
the time, frequency and
time-frequency domain
with STFT. Spectrogram of
the Trabzon earthquake
(Md=2.9) recorded at
station GUMT on
17 Feb 2008
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respectively. Figures 6 and 7 show P wave amplitudes
are much greater than those of other phases. The max-
imum energy, shown in red, is released around 4 s in
the time domain and 6.5 Hz in the frequency domain in
Fig. 6.The Rg phase, represented in yellow, can be seen
between 10 and 15 s in the time domain and between 3
and 4 Hz in the frequency domain in Fig. 6. Figure 7
shows the maximum energy released around 2 s in the
time domain and 12 Hz in the frequency domain.
Figures 8 and 9 show amplitudes of S waves are much
larger than those of P waves, and the maximum energy
is released between 10 and 15 s in the time domain.
Considering the abovementioned criteria related to the
released maximum energy and Rg phase, we have
decided that the event in Figs. 6 and 7 are quarry blasts
and Figs. 8 and 9 are earthquakes.

Figure 10a, b shows the distribution of the number
of quarry blasts versus time in the region and earth-
quakes versus time in the region after removing quarry
blasts, respectively. Comparing Figs. 3 and 10b shows
clearly that the methods applied to remove blasts have
greatly reduced the number of events during the day-
time. While quarry blasts occur during the daytime,
earthquakes occur at any time of the day. However, the
number of earthquakes observed during the daytime is
slightly higher than the number of earthquakes occur-
ring at night. Some of the earthquakes examined in
this study were observed in the daytime. For example,
the earthquakes on the coast of Giresun, (31 July
2005, Md=3.4, at 09:17), at Trabzon (16 March
2006, Md=3.1, at 12:05), and on the coast of Eynesil
(20 September 2006, Md=3.5, at 09:26) and the coast

Fig. 9 The vertical compo-
nent of the seismograms in
the time, frequency and
time-frequency domain with
STFT. Spectrogram of the
Giresun–Eynesil earthquake
(Md=2.9) recorded at
station KTUT on
23 Jan 2007

Fig. 10 Histogram of
daytime occurrence after the
application of the discrimi-
nation criteria: (a) for quarry
blast and (b) for earthquake
recorded in the study area
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of Espiye (20 June 2008, Md=4.2, at 08:23) occurred
during the daytime.

The locations of both earthquakes and quarry blasts
in this study are mapped in Fig. 11 (red stars are
quarry blast and blue hexagons are earthquakes). A
large part of earthquakes and quarry blasts shown on
this map are separated using the statistical S/P–logS
and C–Sr methods. In addition, the TFA method is
used to define events not separated statistically. As a
result of these methods, we detected 128 quarry blasts
and 58 earthquakes from 186 seismic events, which
show that 32 % of the investigated seismic events are
earthquakes and 68 % are quarry blasts. We have
given in as a scheme that according to the simple
discriminant criteria and analysis criteria, the remain-
ing number of quarry blasts and earthquakes in
Table 3. Considering all the events between the years
of 2002 and 2010 show that 59.87 % are earthquake
and 40.13 % are quarry blasts.

The earthquakes occurring on land are related to small
faults such as the Bayburt–Gümüşhane–Espiye and
Alucra–Torul–Trabzon faults (Bektaş and Çapkınoğlu
1997). The blasts are concentrated in the large quarries
(for example, the Of, Maçka, Görele, and Rize quarries).
Nearly 40 % of the earthquakes occurred in the Black
Sea, most of them are related to the Black Sea thrust belt.
The largest earthquake observed between 2002 and 2010
in the Black Sea was the 2008 Eynesil earthquake (Md=
4.2), which occurred on this belt. Two large earthquakes

in the last century, the 1959 Batum earthquake (M=6.2)
and the 1968 Bartın earthquake (M=6.8), were related to
the Black Sea thrust belt (Barka and Reilinger 1997). It
can be concluded that the sea holds the greatest earth-
quake potential in the eastern Black Sea region.

4 Conclusions

We analyzed seismic events recorded between 2002 and
2010 to discriminate quarry blasts from earthquakes in

Fig. 11 Epicenter map after the application of the discrimination criteria: quarry blasts (red stars), earthquakes (blue hexagons), and
seismic stations (yellow triangles)

Table 3 The remaining number of quarry blasts and earth-
quakes according to the simple discriminant criteria and analysis
criteria of earthquakes

Simple discriminant criteria Number of events

Initial number of events 319

Off-shore −58
Day/night −39
Depth −23
Magnitude −13
Analysis criteria 186

S/P–logS ratio −50
C–Sr ratio −46
TFA −32
Remaining 128 quarry blast=68 %

58 earthquake=32 %
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the eastern Black Sea region. We applied the methods of
S/P to logS amplitude ratio, discriminating by complex-
ity and spectral ratio, and 2-D TFA. The 186 of origi-
nally 319 recorded seismic events in the region by
stations KTUT, ESPY, BAYT, PZAR, BCA, and
GUMTwere examined.

After applying all methods, we detected 128 quarry
blasts and 58 earthquakes. This shows that 32 % of the
investigated seismic events were earthquakes and
68 % were quarry blasts. However considering all
the events between the years of 2002 and 2010 show
that 59.87 % are earthquake and 40.13 % are quarry
blasts. The blasts were made during the daytime and
concentrated in the large quarries such as Of, Maçka,
and Görele. About 60 % of the earthquakes occurred
on land and were related to faults that generally gen-
erate earthquakes smaller than 3.5. The earthquakes
that occurred in the Black Sea are related to the Black
Sea thrust belt, where two large earthquakes have been
observed in the last century. The largest observed
earthquake in the Black Sea during the period studied
was the 2008 Eynesil earthquake (Md=4.2). We con-
clude that in the examined area, earthquakes are more
likely to be generated in the Black Sea than on land.
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