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Abstract

In this study it is proposed that spatially detecting low b values in certain segment
faults in conjunction to the spatial earthquake density of the corresponding areas, can
be used in order to locate faults asperities. This hypothesis is tested in the area of
Corinth Gulf where we have processed data from the earthquake catalog of the
Aristotle University of Thessaloniki, during a significant period of 45 years, from
1970 until 2015. From the calculations of b values and earthquake density in certain
regions asperity patterns have been observed: asperity located by small b values and
low densities coincide with proposition of possible asperity found in literature. Based
on these facts we reproduce the hypothesis of an Asperity in the south area of Corinth
Gulf between the Helike and Xilokastro faults.
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Mepiinyn

2y uelétn ooty mpoteivetor o wéBodog ywpobitnong mEPIOYWDY CUYKEVIPWONS
vynlav tdoewv (asperities) kard unrog evepyav pyyudrwv. H npotervousvy uébodog
Poocileton oty vmobson o011 KATG MUKOS TWV TEPIOXDV VWHADV TAGEWV Ol
ropatnpodueves Tiues ¢ otabepagc b tov aviiotoryov ocelouikod KaraAdyov
EUPOVIOVY TOTIKG, EAGYLOTO. EVOD TOPAIANAG TOTIKG EAGYIOTO. TOPOTHPOVVTIOL ETIONG
otV QVTIoTOLYN YWPIKY TOKVOTHTO TV GEIOUIKWY Yepovotwy. H uébodog ovty
epapuootnke oy mepioyy  tov  Kopwbiaxod koimov. To  dedoueve  mov
XPNOIUOTOINONKOY — TPOEPYOVTaL OamO  OEIOUIKO  KOTAloyo TOv  Aplototedeion
Hovemotnuiov Ocaooiovikng, kar apopovv v mepiodo 1970 - 2015. Me to ywpiko
vmoloyioud e tyuiic tov b Kk TG mOKVOTHTOS THG OVTIOTOLMNG  GEIGUIKAG
OpooTHPIOTHTAS, Ol TEPIOYES TOV TPOTOIOPIOTHKOAY (WG TEPLOYES DWHAMY TAOEWY
(asperities) épyovrau oe coppwvia e TPoNYOLUEVES UEAETES YLOL TV DTTO UEAETH TTEPLOYI].
Aé&eis Kle1drd: Exbétng b, oeiouirii mokvotyta, coykévipwon vyniiy taoewmy.

1. Introduction

Asperities are considered to be strong patches of varying dimensions on a fault. They have
dimensions ranging from less than a kilometer to tens of kilometers. They are locked inside the faults
under high pressure and they release most of the energy during the eventual earthquake (Wiemer
and Wyss, 1997).
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Being more detailed, this large patch is divided into a numerous subfaults capable of accumulating
large amounts of stress. The surrounding areas are not capable of storing the same amount of stress
and form a weak zone around the asperity. The tectonic stress increase in the wider area, and the
weak zones break more easily than the asperity, creating small earthquakes that many times form a
swarm. As the stress increases, all the weak zones break and become seismically quiet. All this time
the asperity appears to be inactive. When the limit of stress that the asperity can accumulate is
reached, eventually breaks and the main shock is generated (Kanamori, 1981).

There has been noticed that b values are significantly lower in asperities, in comparison with the rest
of the fault zone which have higher b values (Wiemer and Wyss, 1997).

The Gulf of Corinth, which is located between continental Greece and Peloponnese, has high seismic
activity. This structure is about 2 m.y. old and opens by a rate of 1 cm/yr. Known from the ancient
years serious earthquakes have occurred in this area but only 6 earthquakes of magnitude greater
than 6 have been recorded since the instrumental seismology has started (Hatzfeld et al., 1996).

Modern instrumental seismology and scientific earthquake software help us to study this area with
more detail and see if there is a connection between normal fault system and a possible asperity
(Hatzfeld et al., 1996).

The purpose of this study is to introduce a complementary approach for locating asperities in the
Gulf of Corinth along the Xylokastro fault, by means of patterns of low b value and low earthquake
density, using only recent data from the earthquake catalog of the broader area.

2. Seismicity and Location of Asperities

The map under study was separated in certain areas along the Corinth Gulf in order to examine the
spatial variations of b value and earthquake density. To succeed that, we used data taken from
earthquake catalog of the Aristotle University of Thessaloniki.

All the measurements in this paper were made with the ZMAP application (Wiemer, 2001). ZMAP
was created by Stefan Wiemer in 1994 and it is a graphical interface application, constructed for
the MATLAB environment. The purpose of this application is to determine the quality of seismic d
ata, which are included in earthquake catalogs, and also to calculate and extract useful features.

The application combines many basic and useful tools for seismological research. In combination

with the graphical user interface, ZMAP constitutes a powerful tool in statistic seismological

analysis of earthquake catalogs.

The location of an asperity is necessary information in terms of a region’s seismicity analysis and
gives a perception for the fault surface topography and also the mechanisms which apply in the area.

There are two popular methods of how to locate an asperity. Since by definition an asperity is a high
stress area surrounded by low stress areas, the first method calculates the stress levels of a region
and points the areas with higher levels (Hatzfeld et al., 1996; Park and Mori., 2007; Dalguer et al.,
2003). That method was used in Corinth’s Gulf (Hatzfeld et al, 1996) reaching to the conclusion
that there is an asperity between the Helike and Xilokastro faults, because that area has higher stress
level than the surrounding areas.

The other method uses the surface’s slip. By using GPS data of the slip distribution on the earth’s
surface, the asperities are located in regions where big deformations are detected (Pulido, 2004;
Irikura et al., 2004; Ozacar and Beck, 2005; Kagawa et al., 2004; Murotani et al., 2013; Spence et
al., 1999; Pulido et al., 2008).

In a recent study which concerns the region of Hokkaido (Japan), (Takahashi and Kasahara, 2013)
the authors proposed a method for locating asperities by means of the earthquake’s density. As
asperities were selected sections of the region with small number of events, at least one event with
high magnitude, and surrounded by sections with large number of events.
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The examined region in this paper is the Corinth Gulf. It is one of the most seismically active regions
of Greece, and constitutes a continental rift by separating Peloponnese from central Greece,
extending from Gulf of Patras to Gulf of Alkionides in a total distance of 120km approximately
(Giannopoulos et al., 2014).

The three main faults, in the Gulf, are the Psarhopyrgos, the Helike and the Xylokastro faults. Also
there are many other smaller faults in Corinth Gulf. In the East part there is Loutraki and Kaparelli
faults, Delphi, Erithres and Antikira faults in the Center, and in the West the Gulf is connected
through Rio-Antirio with the Gulf of Patras but there are no major faults that affect the Corinth Gulf
(Hatzfeld et al., 2000). The extension rate of the faults, measured by GPS, is about 10 mm year-1.

3. Data-set

The data used in this study were taken from the Greek National Seismological Network and were
compiled from the bulletins of the Central Seismological Station of Geophysics Department of the
Aristotle University of Thessaloniki (http://geophysics.geo.auth.gr/ss/). The completeness of the
data set was checked using the Gutenberg—Richter relation and the minimum magnitude above
which the sample is complete was found equal to 3. Moreover the catalog’s completeness was
checked within consecutive 5-year time intervals. The catalog's data covers a region with latitude
37.9 to 38.6 and longitude 21.4 to 23.3. The first event recorded is from 5/01/1970 and the last one
from 20/01/2015. The overall number of events in this catalog is 8696. The smallest recorded
magnitude is 3.0 and the largest one 6.7. In total there are 8 events with magnitudes greater or equal
to 6.0, and 43 events between 5.0 and 5.9. The background b was 1.33 as it can be seen in the GR-
FMD.

4. The proposed methodology and results

For the purposes of this paper the wider area of Corinth's Gulf was separated in a grid by 0,1 latitude
and longitude degrees. The measurements were used where only from the cells that had at least 50
earthquake events in order to ensure the robustness of the estimate b values. The radius of every cell
that had at least 30 events was increased in order to contain 50 events, using the data of the
surrounding cells.

For all those sections the number of events (density) and b value were calculated. For all
measurements the software ZMAP was used, while for the b value estimation the Maximum
likelihood method was chosen.

In the formula that describes the G-R FMD [Equation 1] the b value constitutes the slope of the
distribution and describes the ratio of small and big earthquakes in an earthquake catalog (Kulhanek,
2005). The most often procedures used to calculate the b value of a G-R FMD is the Maximum
Likelihood Estimate of b (Aki, 1965) method created by Utsu and the least square technique
(Gutenberg and Richter, 1944). For the purposes of this research, ZMAP was set to calculate the b
value by using the Maximum Likelihood technique. With this method b value is given by [Equation
2] where M, is the mean magnitude of earthquakes and Mc is the magnitude of completeness of the
catalog.

Equation 1 - Gutenberg - Richter frequency magnitude relation
Log(N)=a-b*M.
Equation 2 - Formula for the estimation of b value

b=Log(e)/\M,-M.)

The results derived by Zmap were plotted in two contour maps. In Figure 1 the spatial distribution
of the density of earthquake events greater than 3.0 is shown. It can be seen that there are three areas
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with significantly lower density compared to neighbourhood values, plotted with dark blue colour.
It should be noted that according to the study of (Takahashi and Kasahara, 2013), these areas
coinside with the location of asperities. According to the idea proposed in this study and in order to
address this discrepancy of the proposed methodology of (Takahashi and Kasahara, 2013), we
introduce as a complementary indicator the spatial distribution of b value Figure 2. It can be seen in
Figure 3 that combining the areas of low density value as well as low b values, only the areas A and
C highlighted with green strokes satisfy both requirements. These findings strongly suggest that in
the wider area of 22.3 Longitude and 38.1 Latitude an asperity is located. Moreover in this area it is
also proposed by (Hatzfeld et al., 1996) that an asperity is located. Additionally we propose that
another asperity is located in the wider area of 21.4 Longitude and 38.4 Latitude a proposal that
should be explored in a future study.
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Figure 2 - Contour map of b-value in Corinth’s Gulf.
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Figure 3 - Contour map of earthquake density in Corinth’s Gulf, overlapped with areas of
low b value.

5. Conclusion

In the wider region of Corinth's Gulf, spatial variations of density and b value were mapped in a 0,1
degree grid. In a previous research (Hatzfeld et al., 1996) proposed that there is an asperity located
between the Helike and Xylokastro faults placed in the south section of Corinth's Gulf. From our
calculations it appears that three sections have a significant low density, indicating the existence of
asperities as was proposed by (Takahashi et al., 2013) and which is in contradiction with the study
of (Hatzfeld et al., 1996) suggesting the existence of only one asperity . However a patch of low b
value is found only in the area between the Helike and Xilokastro faults. These facts according to
our proposition strongly suggest that an asperity is located in this area and comes in agreement with
(Hatzfeld et al., 1996) study. As it seems the extracted information of the b value mapping can
correct false indications coming from the method proposed by (Takahashi et al., 2013).

As a result, the complementary estimation of spatial areas with low b value as well as low density
values may serve as a valuable tool in robust estimation of asperities locations within a specific
seismogenic zone. Moreover, for more complex seismogenic zones, the use of more than two spatial
indicators may be appropriate. As an example the estimation of the spatial variability of recurrence
time may also serve as a bust indicator for locating asperities, as was proposed in (Wyss et al., 2000).
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