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Abstract: The mapping of the minimum completeness magnitude &hd parameters (a- and b-value) of the
Guttenberg-Richter (G-R) law was studied for Gretecdgtory and adjacent areas by using the nevihgaekes catalog produced
by the Hellenic Unified Seismological Network (HUBIRor the calculation of the parameters a- andlbes the visual method
of the completeness magnitude (Mc) definition wasduby means of FastBee technique. The results shawwith the
commissioning of the new network HUSN, the Mc hsigmificantly decreased and have achieved the \Wk(E5 in the central
part of Greece and practically up to M=2.0 for émdire territory. Despite the short time of obséibra(11.2011-05.2014) the
statistical reliable pattern of the spatial disitibn of the G-R law parameters for territory ofe@ce was derived. In generally
the spatial distributions of a- and b-value reftbet known seismotectonic structures of Greece didtabution of the relatively
low b-value coincides with the tectonic compresdiefd which acts along the Hellenic Trench. Thiatigely low b-value is
also observed on the northern-eastern part of @réide relatively high values of b-value meet mainithe central Greece,
where the extensional stress field dominates. phta pattern of the parameter a-value is refigcthe seismic activity of the
under study region. The results of detailed anslg§ib-value distribution with depth in the Coritath Gulf area show that its
values significantly decreased (from 1.6 to 0.h&Jépth interval from 1 up to 17 km and then grédlgliacreased up to 30 km.
The pattern of b-value in depth distribution instihegion was interpreted in the frame of hypothabisut the brittle-ductile
transition zone existence. On the basis of thigltgsis supposed that detailed study of the luealistribution versus depth can
be used for assessment of the focal depths ofithending strong earthquake. The present resultg gtoapplicability and the
efficiency of the FastBEE technique for three disien mapping of Mc and the G-R parameters.

Keywor ds. Completeness Magnitude Mc, The Guttenberg-Richasy, ISeismological Network, Spatial Analysis,
B-Value vs Depth

1. Introducti catalogue in the past.
- Introauction In the early operation period of the HUSN netwohle t
Since 2007 the seismological observations of Gréese 0Cation performance of this seismic network haweerb
+ €valuated by numerical simulation in detecting leguakes

been substantial improved by the HUSN, which omsra :
under the supervision of the Geodynamic Institutethe [23, 6]. These results have shown that in mosspHrGreece,

National Observatory of Athens (GINOA) and compsigee 1€ Minimum completeness magnitude Mc is expectehidp
seismological networks of the Athens, Thessaloraca d0Wn to magnitude 2.0 M, with accuracy of the epieeand

Patras Universities. As a consequence the receeekGr depth determination less than 2 and 5 Km respdgtive
earthquakes catalogue is a result of the contgbusif more However the actual quality of the HUSN earthquakes
than 88 HUSN seismic stations, instead of the oaity 35 catalogue can be evaluated by using the spacesatimgsis of

GINOA stations which traditionally used to compileis the G-Rlaw parameters [11, 14].
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It is well known that the G-R distribution or theelguency FMD shapes may complicate the use of only one algorfor
Magnitude Distribution (FMD) is described by a slmp the determination of the Mc. Therefore is not sisipg, that

logarithmic linear equation of the form: this issue is attracting a lot of attention of stigts and as a
| B b result many algorithms and methods for the Mc deitgaition
ogN=a-bM, @) have been developed [12, 15, 19, 20, 22, 31, 36442nd

where log N is the logarithm of the number of equikkes 46]. . ) ]

with magnitudes of M (M> Mc for cumulative distribution), !N this study and in order to overcame the abovetioeed

and the coefficients a (a-value) and b (b-value)aamnstants. Problems the computer program FastBee, which allaws
In this equation a-value is the intercept of thgression line ~c@lculate Mc and FMD parameters of earthquakespace
and is characterized the seismic activity in theaawhile ~and time easily and quickly, has been applied P2, The
b-value is the slope of the regression line thaivshthe @aPplicability of FastBee technique had been tebtedising
relation between the number of large and smalhgaakes the earthquake catalogue of the Institute of Plysitthe
magnitudes. Earth of the Russian Academy of Sciences, whichtaion
Theoretical and experimental studies of the eaekes 92000 events that had been recorded with the higbigion

EMD have shown that the b-value is related botthwite Ne€twork of seismic stations located in the Garmiargf
heterogeneity of the earth’s crust and with thelef tectonic  1aikistan [16,29,30]. _ o
stress in the observed region [21, 34, 47]. Basethe above The aim of this study is to investigate the spatistribution
and many others studies it is supposed that tHf the Mc, a- and b-values of G-R parameters thhoug
spatial-temporal analysis of the G-R distributiamameters is FastBEE technique in Greek territory {3442'N and 18.3—
one of the more promising direction of the study foe 30 E). For this purpose the new catalogue of GINOA
seismic hazard evaluation in a seismic active reg[a, 2, 4, (http://bbnet.gein.noa.gr) was used, which contaiose that
13, 16, 27, 28, 29, 39, 40, 41] 75 thousand well located earthquakes, in the pédroyd April

By the experimental observations using a data 0f011 to May 2014.
seismological networks, one of the main difficudtarising in

such studies is uncertainty in assessing the ikfjabf the 2 The Method of the Mc and G-R
calculation of these parameters. Not surprisingetioee, that . .
in recent years, a comprehensive analysis of tmelitons Parameter s Deter mination

affecting the precision of the calculation of the-RG
distribution parameters have been carried out 19832, 36,
42, 44, 45 and 46]. It was shown that the accudcthe
calculation of these parameters is dependent ae thasic
factors.

The first factor relates to the magnitude of costgrhess
Mc, the determination of which means a guarant&@¥4d that
all earthquakes with magnitude MMc are recorded at least
by 3-4 stations. The second factor depends on ggnitudes
range DM= Margest “Mc, that is equal to the difference
between the magnitude of largest earthquakgrghd) that is
occurred in current time period and the minimum nitagle
Mc. It is shown that DM should preferably be nadehan b-value = log(e)/(Mear (Mc —AM/2)) 2
magnitude 2.5. Both above factors depend on thectiility
of the network seismic stations, i.e. from the nendf station
and their configuration. Finally the third factafers to the
minimum number of eventdN, necessary for statistica
evaluation of the parameters and which at least mesot
less than 50 events.

One of the most important parameters necessanheof t
FMD is Mc, because it changes both in space and &nmd
depends mostly on the stages of network upgradi®gl[8, 19,
20, 42, 46 and 49].

Therefore the knowledge of spatiotemporal distidubf
Mc is a prerequisite for the reliable evaluation GfR
parameters. However, this task is complicated byfdlt that
the FMD , for various reasons, do not always hasensal
shape, taking both gently sloping and the sharggpraar the
point of saturation Mc, and in some cases, ashelshown
below, could have a double-humped shape. Suchtyasfe

As has been mentioned above, the FastBEE softwase w
developed as a technique for the spatiotemporapléagnof
the earthquakes data and visualizing the time sarfethe
seismicity main parameters. This software can lesl lmth
for current seismic hazard assessment and for plada
mapping of seismicity parameters [22].

For better understanding of our study it is neagssa
consider the FastBEE procedure of calculation oR G-
parameters and Mc definition.

For the calculation of the parameter b-value thewkm
formula is used [3]:

where log(e) is a constank/c - is the minimum completeness

magnitude, M,..n - is the average magnitude of the
| earthquakes for sampling dataM is the bin magnitude using
for the plotting of the FMD (in present wotiM = 0.1).

The RMS error of b-value is calculated accordinghe
modified formula proposed in [34]

As can be seen from the formula (2), one of theessary
conditions for the b-value calculation is the knegde of Mc.
As is known, Mc is defined by using the differergthods [12,
15, 19, 22, 31, 36, 42, 43, 44 and 46]. Howeveis ivell
known, that the use of G-R relationship is probabé/easiest
and most reliable method to define Mc [42].

Mc is usually determined by using known algorithjh2,
15, 19, 22, 31, 36, 42, 43, 44 and 46]. Unlikelging the
FastBEE technique, these parameters could be define
visually, by a user, on the PC display through rentéve
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procedure.
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Figure 1. Discrete (triangles) and cumulative (red circles) FMD of earthquake showing an example of the visual determination of the minimum completeness
magnitude Mc by using the FastBee technique. N is the number of earthquakes with the magnitude M > Mc. b isb-value, r isthe correlation coefficient between
the experimental data and the calculated straight approximation line. M* and IgN* are the points of the average magnitude and the average number of
earthquake for M>M respectively. The G-R distribution was obtained with using data of the earthquakeswhich occurred in a small area of the western part of the

Corinth gulf, in different time intervals (Fig. 4).

The procedure starts with displaying of geographép of
Greece in the PC screen,
investigation territory to smaller areas (squasesjording to
study purposes. The coordinates of square grietsrohined
by user and then is stored in appropriate inforomefile. The
sampling parameters like as depth range, magnitwdshold,
and Mc, originally are defined by default valuesl dnen are
available to the change by user. At each data sagiph
discrete and cumulative FMD are displayed on themdaer
screen (Fig 1a).

This procedure allows defining the Mc visually ditg on
the computer screen. As it is well known, the Moresponds
to the inflexion point of the discrete FMD curvegeFig. 1a).
After the Mc definition, a- and b-values of G-R laave
determined and then according to these values,
corresponding straight line is drawn over the eixpental
data of FMD directly on the computer screen. Asiteigon of
the evaluation reliability of Mc defining, a coratibn
coefficient between the experimental data of FMD &me
calculated approximation line of equation (1) issdis A
typical example of this plotting is shown in figute.

and permits to divide the

experimental data and regression line that indécttie
reliability of the Mc definition.
¢ Finally, used the visual inspection of the FMD dwe t
computer screen and the new Mc value is determandd
if necessary procedure calculation of a- and beslis
repeated.
This process repeats until the correlation coeffitireaches
the highest value (usually r>0.95) which signalitesend of
the procedure for the Mc and a- and b-value déimitThis
procedure regards both the discrete and cumuleNi@ (Fig.
1a). In this approach, the accuracy of the Mc dkdim is
equal to the half of the magnitudes bin, whichgedifor the
FMD construction. In this study bin magnitudé = 0.1,
what means that the accuracy of the visual Mc detetion

thie+0, 05.

Fig. 1la presents an example of the visual defmitbMc
(Mc=1.5) by the earthquakes data from the westarnnt
Gulf of Central Greece for the period from Aprill20to May
2014 (Fig. 4). This figure shows that Mc can belgaefined
on the discrete FMD curve, unlike on the cumulafidD
curve where the position of Mc point is not so cléEhe

The more detailed description of the Mc determiningorrelation coefficient (r) between the experiméndiza and

algorithm and the G-R parameters is as follow.

* Sampling of the earthquakes data from a grid dfafel

the study area.
* Calculating of b-value and its standard error, bing a
Mc (default Mc=2.0) through formulas (2) and (3).

the calculated approximation line is greater th&%50in both
graphs and the b-value (0.98) on the discrete antulative
distribution practically coincide.

In order to control the accuracy of Mc defining the
proposed procedure, Mc was also defined by applimgher

* Calculating the average magnitude M* and the averagndependent procedure using the same data. Fopuihiose,
logarithm of earthquakes number IgN*, for all ewent every possible b-value values in the Mc magnitaagye from

with M >Mc,

0.8 to 3.3 with incrememMc = 0.1 was calculated by using

e Calculating the parameter a-value according to ththe formula (2), assuming that the actual valueviof lies

relation a=IgN*+bM*,

* Drawing the straight line of the equation (1) oe BEMD
graph using the obtained a- and b- values. It kN
that a regression line passes through the midpdikt*
and IgN * of the experimental data (Fig. 1a).

* Calculation of the correlation coefficient r betwete

within this range. The results of this test arevatn the fig. 2.
The vertical bars on the b-value curve show thedsted error

+ 1o. The dotted curve drawn with squares presents the

number of earthquakes N (MMc) that was used to calculate
b-value after each increment/&i1.
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Figure 2. Change in b-value depending on Mc and the respective number of
earthquakes N (M>Mc).

Fig. 2 shows that b-value increases rapidly inMloerange
from 0.6 to 1.4. At Mc = 1.5 the b-value =0.980 ahén
remains constant up to Mc =2.3. As Mc increasedalbe
continues smoothly increases till b=1.15 at Mc=3t3is
interesting to note that the b-value remain sthbleveen 1.5
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Figure 3. The map of Greece and surrounding areas with t
elements. The solid square showsthe area in the western Corinth

the b-value depending on depth.

Based on such analysis we can say that although the

[Egzas
29,0

he tectonics
gulf, thetest
area used for defining of Mc and of FMD parameter ,as well as for study of

Mc> 2.1, at the same time the number of earthquakés N operation of the HUSN network was officially laurechon the

decreasing sharply to one-fourth of its origindueai.e. from
2741 to 700, and at Mc =3.3 its amount drop dowrb@o

events.

The findings presented on Fig. 2 show that theevafuMc
= 1.5 coincides with the ones found of the visuafirdtion
(fig. 1a), and consequently this test proves ttiecéfeness

and accuracy of defining Mc by the FastBEE techaeiqu

3. The Technique of Spatial M apping of

the FM D Parametersand Mc

At the preparatory phase of the current studs, litsicessary
to define a time moment when in earthquakes cat@ltggin
to appear the new data received from the HUSN mitviFor
this purpose a test area in the western part oEtrenth Gulf
was selected (Fig. 3), and the FMD shape for varibme

year 2008, the new data in the earthquakes catlofthe

GINOA appear from April 2011. These findings shdwattthe

shape of FMD with the two-humped curve arising frima

result of modernized observation system could affecMc

defining by computing algorithms designed for thi&lO-

shape with one maximum [4,19, 20, 36, 46]. In Harse, the
proposed FastBEE technique of visual Mc defining $@me
advantage because easily solves this problem, giroghole
process is controlled by the user who can selecbést point
to determine Mc [22].

The research was conducted by the sampling data of
earthquakes from squares with the grid si2&%and with a
step ? in latitude and longitude, accordingly (Fig.3). As
result the grid was obtained with the distancesveenh the
centers of cells equal td,dand the number of points on the
coordinate axes, respectively, 11 and 8 (total 8®)e
calculated parameters Mc, N, a- and b- values Hmen

periods from 1970 to 2012 has been studied (FigSa)in
Figure 1b shown the FMD shape obtained for the déta
observation period from 1970 to 2012. It is cleaden that
the FMD curve have the two-humped shape that
consequence of superposition of two data sets different
completeness magnitudes Mc. The first data set~@vl)
related to the period before the installation &f HHJSN (Fig.
1c), i.e. in the period 1970 to 2008 while the setone (Mc
~1.5) is the resulting reflection of the HUSN op&matin
period from 04.2011 to 11.2012, when the detedtgbdf
earthquakes recordings was improved (Fig. 1a).

More the similar study of the FMD shape behaviortios
all territory of Greece showed the existence ofo“twumped"
shape of FMD for samples from 1970 to 2012, whikeEMD

had the one humped shape beginning from 04.2011.

Additionally, as a result we can note too thatdenter part of
observed territory the completeness magnitude Mg 2011
dropped from Mc =3.0 (Fig. 1c) down to Mc = 1.5¢Fla).

attributed to centers of squares.

is

Figure4. Spatial distribution of the Mc according to the HUSN data occurred

in the period 04.2011 - 05.2014.
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Note that the choice of the cell size was dictaigdthe 5), however taking into account the relatively higituracy of
needs to get the minimum number of data requirgéliably  b-value calculation, this result can be assumetkqaiiable.
calculating the b-value, which should not be Iést50 [18, In order to verify this assumption, we carried dhe
19, 32, 46]. Nevertheless this requirement was ahetys probability estimate of the statistical significanof the
fulfilled, due to the low seismicity in some areague to the difference of two b-values, for independent datengang
short duration of the examined period. So in fewesa the according to criterion, which is calculated by falenUtsu [37,
size of the sampling area is enlarged (not mone ¢edl half). 38]:

According to this procedure the earthquake dateaith cell
varies from 200 to 9000.

It is possible to emphasize the some advantagmdgping
by the FastBee technique, compared with above itthgos,
because in this case, for each sampling data ohaay visual
control of quality and quantity data occurs andsfimbty of
correction of the sampling parameters is provided.

4. Spatial Pattern of Seismicity
Parameters According tothe HUSN
Earthquakes Catalogue

4.1. Spatial Variation of the Mc

Fig. 4 shows the spatial pattern of the Mc in Gegecritory Figure 5. Spatial variation of b-value according to the HUSN data for the
and adjacent areas according to the earthquakesetairded period from 04.2011 to 05.2014. Number s denote zones with different b-value.
by the HUSN in study period (04.2011-05.2014). Tesult
shown at fig. 4 indicates that, in the central amdhorthern
part of Greece Mc is varied in range from 1.4 t6. TThe
contour of the isoline Mc = 1.8 covers almost alhtinental
Greece including and the Peloponnesus peninsutaisbline
of Mc = 2.2 covers almost all the Greek territ@xcept the
southeastern part (including Crete and Dodecanékgher
values Mc = 2.4 are observed in the south-eastarngb the
Aegean Sea on Greek - Turkey border.

The reliability of these finding is supported byeth
coincidence of the results for the location perfangce of
stations HUSN [23, 6]. In these studies showed thiathe
major part of Greek territory Mc = 2,0. Howeverr gasults
show the more detailed pattern of Mc which takdsesin
the range of 1.4-1.6 in the central regions. Previstudies of Figure 6. Spatial distribution of the standard error, opvawe for the discrete
the of the Mc spatial variation using earthquakalogue of
GINOA, before HUSN installation, have shown that Mc
values was no lower than 3.0 [5, 7, 20]. Thuss itoncluded
that with the full operation of HUSN after 04.201the
minimum completeness magnitude of the Greek catalog
diminished in average by 1.5 of magnitude.
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4.2, Spatial Variation of the B-Value u A-Value

Figs 5, 6 and 7 present the spatial variation efltfvalue,
its mean-root square errotpyaue and the number of
earthquakes N used for the calculation of parameteeach
cell, respectively, derived by the discrete FMDeTimdings
show that the b-value varies within a small ramgef0.75 to
1.00 (Fig. 5), and its standard erré¥,aue fluctuations in the % _
range £ 0.01 to £ 0.02 for most part of study teryi (Fig. 6). B A

11000
10000
9000
8000
7000
6000
5000
4000
- 3000
- 2000
1000

The number of earthquakes N used for b-value etima Figure 7. Spatial distribution of the N ( M > Mc) that occurred in the time
varies with range from 500 to 10000 (Fig. 7). period 04.2011-05.2014 and used for calculation of parameters of G-R law.

The spatial range of the variation of b-value iy@n2 (Fig. ~ N1and N2 are pointsfor use criteria Utsu [38].



Earth Sciences 2014; 3(5): 122-131

P=expAAIC/2-2) (4)

where,
AA'C = _Z(N]_ + N2)|I"I(N1 + N2) +2N1 |n(N1 + N2b1 /b2 )
+2N2 |n(N1 b2 /bl + Nz)_ 2,

where N1 and N2 are the numbers of earthquakeseafito
examined samples for the testing areas.

According to the above criterion, if the paramd®ds less
than 0.05 it means that b-values obtained by twlependent
samplings, are distinguished at the level of canfik
probability greater than 95%. Applying this critarito the
data presented in Figs. 5 and 7, we calculategdhemeter P
for the two separated points on the map (Fig.7)theyfirst
point with b-valug = 0.9 and N = 2000, and for the second
one with b-valug= 1.00 and N2 = 10000, respectively.
Substituting the above mentioned data in the foantd), we
derive P = 0.02841E-5 that is much smaller thas.0dh the
basis of these result we can conclude the spasiaitaition of
b-value, presented in Fig. 5, for most part of éxamined
territory, have statistically significant differemcat the
confidence probability level of more than 95%.

The finding presented on the fig 5 indicates tinatre re
allocated zones with significant changes of theals

exceeding &.vaie IN general, one can confidently distinguish

three zones (1, 2 and 3) of relatively low valukthe b-value
(< 0.90), and one zone (4) of relatively high valwd the
b-value (> 0.95).

Zone 1 with relatively low values of b-value is ebged in
the region of the lonian Sea along the strike ef ltellenic
Trench (Figs. 3 and 5). Zone 2 is located in theaaof
volcanic arc and the zone 3 is in the north-ea&rektce along
the strike of the North Aegean Trough (Figs. 3 &hdThe
zone 4 with relatively high values of b-value i®ahted in the
western part of the Gulf of Corinth (KG, Fig. 3)orks
observed in the eastern part of the territory urstady in
Turkey are not statistically reliable, and therefare have not
considered them.

Taking into account the relatively short time pdriof
research (2011-2014), and a relatively large spatieraging
window 2 x2° , the detailed analysis of the relationship of th
b-value spatial distribution with the geotectonfdtee region
is not feasible. Moreover, the first preliminaryadysis and the
comparison of the spatial pattern of b-value witlotgctonic
of the region shows that straightforward correlatb®tween
them is not observed. However, some possible caiomscof
the allocated zones with geological conditionshafse areas
was tried to consider.

It is known that the b-value parameter depends hen t
degree of heterogeneity and fractured of the Eacthist, and
the level of tectonic stress [21, 33 and 46]. lnflamework of
these concepts we can note that Zone 1 coincidés the
subduction zone of the Eurasian and African platdsgch is
characterized with relatively high seismic activiyith a
predominance of tectonic compression stress. Atstiae
time, relatively high values of b-value in the zaheould be

e
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associated with the area with predominance of siteal
stress [24, 26]. The association of low values-ghlue with
the compression zones, and the high values inxtemsional
zones was noted in the [32], where the changeeobttialue
depending on the focal mechanism of the earthqueke
examined. This work shows that relatively low valuef
b-value characterize the zones with thrust faulchmaisms,
while relatively high values prevail in areas where
earthquakes have normal fault mechanism.

At the same time, the low b-value for zones 2 andr8not
be explained within the framework of the above nmo8e
zone 2 is characterized by the relative low seisantovity and
from a geological point of view it represented hyet
homogeneous volcanic rocks, and zone 3 consis&daiively
homogeneous and the less fractured rocks. It ésasting to
note that the zone 3 is in good agreement witletme C of
the relatively low values of b-value allocatedhe studies [13,
26]. On the basis of these studies it can be s@uptist the
low b-value in these zones may be caused by geawlthgi
conditions associated with structurally stable nfidsaving
relatively homogeneous characteristics of the crust

Figure 8. Spatial variation of a-value of the GR distribution law according to
the HUSN data, in the period from 04.2011 to 05.2014

Fig. 8 shows the spatial distribution of the a-ealu
parameter of the G-R law obtained in the periochfi®.2011
to 05.2014. It is known that parameter a-valueuiserically
equal to the number of earthquakes Lg N for M 5 @ri in
fact characterizes the seismic activity at the olexk area.
The absolute value of a-value depends on the titegvial of
observation, so in this case we consider relatiaties of
a-value for the observation time period.

The findings in Fig. 8 indicate that the greatestgity of
seismic activity in this time period is observed fine
south-western part of the seismogenic zone of the
Peloponnese in the centre Hellenic Trench (Fign3ddition,
we can allocate another three characteristic zohesatively
high seismicity which are in the western part Céphia fault
(CF), in Corinth Gulf (KG) and in the south-westqrart of
the island of Crete (see Figs. 3 and 8). As coel@Xpected,
the weakest seismicity is observed in the zond@f/blcanic
arc (Fig. 8). It may be noted that the spatialritistion of the
seismicity density shown in Fig. 8, conform to @eneral
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conception of seismic activity for Greece territoand
adjacent areas [17, 24-26].

5. Distribution of the B-Value Par ameter
with Depth

Spatial b-value distribution, discussed in the pmes
section of current work is related to the earthisstcin the
range of depth 0-35 km. It is interesting to coaesithe
possibility of the b-value distribution with deptasing the
FastBee technique. For this purpose, a test aesgrided
earlier (Fig. 3) was chosen, inside one of a meignsic active
zone of the central Greece, in the western patti@{Corinth
Gulf. The recent studies of HUSN performance havens
that in this area the calculation accuracy of tleésraic
parameters on the average equals the 1km for ticerger
and 2km for focal depth [6]. The data sampling wasen
from the rectangular area with size 75x75 km anthénrange
of depth 1-35 km (Fig. 3) The Mc for this area ddua and
the total number of data N (M>Mc) is 2741 (fig. 1a)

The dependence of b-value from depth (b-value iaxisp)
and RMS value is presented in Fig. 9. The b-valugewas
obtained by the smoothing of data in the windowatdol the
depths range 3km, with the step 1km. The dottesl dimows
the number of earthquakes (N), used for calculatigith each
windows (axis N is on bottom). It can be seen thatamount
of data varies from 50 to 660 and in the majorftthe cases is
greater than 200. It means that the sampling af ftateach
window of smoothing is sufficient for the statistily reliable
estimating of b-value [41, 18].
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Figure 9. a) Distribution of b-value by depth for the western part of Corinth
Gulf (fig 3), using FastBEE technique. The circles show b-value estimates
with respective standard errors. The dotted line shows the number of
earthquakes N distributed with depth used in calculations. The asterisks
denote the hypocenters of the two stronger earthquakes that have occurred in
this area during the examined period (April 2011- November 2012). b)

b-value distribution by depth according to [47].

These findings show that the values of b-value Yemgn
1.6 to 0.63 and its changes exceeds the RMS. Thes af
b-value decrease gradually from 1.6 to 0.63 irdieth range
from 6 to 17 km. Then, beginning from depth 19 km
systematic increase of b-value is observed thathesathe

value of 1.46 at the depth of 31 km. Generallyghttern of
b-value change with depth, in the examined pathefearth's
crust, could be subdivided into three zones. Nantleéyupper
zone with b-value > 1.0 in the depth range frora 03km, the
middle zone with b-value < 1.0 in depth 14-21 krd ahlast
the lower zone with b-value > 1.0, in the depthgm22-31
km.

To verify the possibility of such division on theres, for
each zone have been constructed the FMD and theveab
mentioned test [36, 37] was used. To verify thesjimkty of
such division, for each zone the FMD have beentcocted
and their properties were studied. In figure 10spr¢ed the
G-R distributions for the above three layers. Hfme the
upper layer 4H = 1-13 km), the b-value = 1.16, for the middle
layer (AH = 14-21 km), b-value = 0.75 and for the lower one
(AH = 22-31 km) b-value = 1.08, respectively. By agslo
with the above mentioned, in order to prove thatlthvalue
values for each of zone have the statistically ifigant
differences, in according to the formula 4 and he tlata
(b-value and N) presented in Fig 10, the test hbgen
performed. Such test shows that the probabilityt tine
random sampling data from the upper and middle zone
belongs to the same sampling datB ©$3.81e - 23 as well as
from the middle layer to the lower ones is P = 8.84,
respectively. In other words, the b-values obtaif@dthe
three depth zones are statistically significant hwihe
confidence probability more than 95%. It is intéireg to be
mentioned, that the study of b-value distributiathwdepth in
the same area (Fig. 9b) have been performed by @i\a447]
In this work the high quality seismic data was yssatained
from the portable network which had operated is thiea (Fig.
3, KG). Comparison of the data is plotted in Figsa®d 9b.
One can see that the two b-value curves have the s&nd,
i.e. b-value is decreased from 1.6 to 1.1 in thldeange 5-11
km. The coincidence of the results of these twepehdent
researches is an additional proof of the high amuof the
calculations of the FMD parameters by using thetBtag
technique [22].

6. Discussion

The objective of this work was the study of the tgpa
distribution of the GR law parameters and Mc ughmg data
of the HUSN earthquakes catalogue, applying theiabis
technique of FastBEE [22].

The findings show that the data from HUSN network
appears in the GINOA catalogue since April 2011 &mel
value of the minimum completeness magnitude Mc,tlfier
central part of Greece decreases from 3.0 to 1llesd
findings is in good agreement with the studies2f8), which
analyzed the location performance of the HUSN netviny
numerical simulation of the detecting earthquakes.

In general, the resulting pattern of the spatisiriiution of
G-R law parameters proves our concept about the
geodynamics of the under study region. The a-valuthe
aspatial pattern reflects the seismic activity @& tudy region.
At the same time, the spatial distribution of thedtue could
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be explained both by the level of tectonic stresd hy the
degree of heterogeneity and by the fracture oEdmh's crust
area.
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confining (lithostatic) pressure increases and dases the
brittle strength of material. Simultaneously witttieasing of
the depth, the ductile strength of a material desee because

The depth distribution of the b-value shows theithe temperature increases. Assumed that BDT zofioened

statistically significant changes (Fig. 7). The due
gradually decreases from depth 1 km up to 17-19akd then
gradually increases up to the depth of 31 km. Oh¢he
possible interpretations of this pattern can berdlesd using
the concept of the hypothesis about existence énetirth's
crust of the brittle-ductile transition zone (BDT8, 9].
According to these works, with increasing of thepttiethe

AH=1-+13 km

1 log ¥ log N

h-value=1.25
Nsum=1249

3.0

1.04
1.07 b-value=0.75

M 1\[(':‘1 3

b-valuel_-=1 16
Mc=1.5

AH=14-+21 km

b-value=0.75
Nsum=903

at depths of about 13-18 km, under the conditiovigre a
further increase of the brittle strength of mategguals to the
increase of ductile of the material at the ovedyiayers.

Therefore, this zone is considered as the zoneeo$trongest
part of the earth’s crust where the majority ofosy

earthquakes occurs [8, 9].
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Figure 10. Discrete (blue triangles) and cumulative (red circles) G-R distribution for three depthsintervalsin the test area (Fig 3).

Fig. 10 indicates that decreasing of the b-valuéoup7 km
depth can be caused by the increasing of the velatimber
of the large earthquakes which in turn indicatesiticreasing
strength properties of the medium. In the rangthefdepths
of 17-19 km, the b-value has a minimum value o80wehich
indicates the existence of the strongest zone ahBacrust,
which can be identified as BDT zone. After thasibbserved
reversing the direction of the b-value curve on opposite
and this curve gradually increased up to the d@ptkm. This
behavior is accompanied by the relative increasethef
number of smaller earthquakes in relative to thenster
earthquakes. Taking into account that the total bemof
earthquakes decreases with depth, it can be assiinaiethe
medium in this depth range (22-31 km) becomes moctile.

It is interesting to note that the focal depthstlod two
relatively stronger earthquakes occurred in thaham the
examined time period, i.e. 07.08. 2011 (M=4.8; h=aad
10.11.2011 (M=4.6; h=19), coincides with the ramjethe
lowest values of b-value or the supposed BDT zéigerg). It
is worthy to emphasize that the coincidence thebgpters of
the strong earthquakes with relative low b-values vadso
reported by Popandopoulos & Lukk [30], who inveateyl the
three-dimensional distribution of b-value in ther@aegion
of Tajikistan. Based on the above findings, it benassumed
that the detailed mapping of the b-value with deqathld be a
promising approach for assessing of the focal deftlan
impending strong earthquake.

7. Conclusions

The spatial mapping of the Mc and the G-R law patens
was performed according to the catalogue dataeofitilenic

Unified Seismological Network (HUSN) in time period
04.2011 - 05.2014. The research was carried ontdsns of
FastBee technique with using the visual techniquetlie
definition the Mc.

On the average, Mc dropped to the 1.5 of magnitodthe
observation territory. For the mainland Greece Mequal to
2.0, and in its central part reaches Mc=1.5.

The pattern of the spatial distribution of G-R law
parameters coincides with the point of view abbettectonic
features of the study region. The spatial pattewalae
indicates on the zones with the different propsrié the
seismic activity. The spatial distribution of thevélue
indicates the relative level of tectonic stress tireddegree of
heterogeneity of the Earth's crust.

The variations of the b-value depend on the deptthé
western part of Corinth Gulf have been interpretétiin the
framework of hypothesis of the existence of BDTadmthe
Earth's crust. The zone is localized approximatlythe
depths 16-19km. The focal depths of the two reddyiv
stronger earthquakes occurred in this area coiaaidéh the
supposed BDT zone. This result suggests that thy stf the
b-value with depth can be used for assessmenteofaital
depths of the impending strong earthquake in thense
active regions.
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