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In this article, we present the results of thers@isanalysis, including the territory
of Armenia, Turkey, Greece and Italy. These reshtsw that each region has its own
specific cycles of seismic activity. These cyclevé periods of 12 h to 24 h, which
shows their connection with tidal processes. Theneotion between the earthquake
focal mechanisms and periodicity of seismic adtivias revealed. In territories with
earthquakes mainly with deep hypocenter and nofotal mechanism characterized
only with 24-hours periods.

1. Introduction

The question is whether seismic activity has agocinature discussed by
many authors (Schuster, 1897; Tamrazyan, 1967,,19%683; Tsuruoka et al.,
1995; Saar and Manga, 2003; Métivier et al., 2008; et al., 2016). Other
believes the longstanding paradigm, that earthcgiake chaotic in nature and
have no cyclical properties.

In some cases, lunar periodicity of seismic agtiistnoticeable, in others,
a yearly one. However, many questions remain ueareted and unclear,
namely: how many periods of active seismicity eastl how they link with
focal mechanisms of earthquakes and geodynamidfispéions of a specific
region? In some regions, an observed connectigirohg earthquakes to the
full moon leads researchers to believe that thermivofact, is playing a major
role in triggering earthquakes (eg. Ide et al.,80The research behind the
mechanisms of this triggering however has not beamclusive. It is also
unclear whether the periodic components of seigautwity change with time
and space. The study in this matter will help talemstand the nature of
processes responsible for earthquake generatiotriggering. This report
focused on daily distribution of earthquakes.

2. Method and data

The periodicity of earthquakes in different regiotsn be studied by
statistically analyzing local instrumental seismétalogs. Using histograms, we
reveal a periodic characteristic of seismic adtiviitr different regions. The
results are compared with the known geodynamicadifipation of the region.

The method is based on the assumption that if sgtgms a stochastic
process, then the distribution of the number ofteprakes over daytime should
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be uniform. Meaning that the cumulative number artrequake over 24-hours
time interval should remain stable for the wholgioa.

For the territory of Armenia, earthquakes withinoae-hour time zone
interval, from 1962 up to 2007 (17833 events), rélgass of magnitude, were
chosen for this analysis (fig.1, NorAtom, 2011).eTiime of each earthquake
was converted to local time. Daytime was divided iminutes (1440 min), and
the number of earthquakes per minute was courfigd)(
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Fig. 1. Map of earthquakes.
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Fig. 2. Earthquakes daily distribution histogramAomenia from 1962 till 2007.
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The results (fig.2) show that the number of eartkgs around noon more
than triples (120 earthquakes versus 35). We also observed fmegeent
earthquakes around midnight (fig.2 - a, b) (60 wer35). It is clearly apparent
that seismic activity near noon and midnight, coragato the most passive
period of the day, is significantly higher. Thisdsvery strong indication that
seismic activity of this region has a 12-hour adeéh@ur periodicity. The fact
that the most active time of day for seismic evdatsoncentrated around
midday and midnight leads us to the conclusion tihatte is a definite relation
between earthquakes and earth's rotation.

The same kind of study was conducted on earthquiakdee territory of
Turkey (2005 — 2016, 200204 events were recordedrspg over two time
zones, http://www.deprem.gov.tr/en/ddacataloguejeeGe (1964 - 2015,
233356 events recorded spanning over one-time zone,
http://www.gein.noa.gr/en/seismicity/earthquakeatads) and Italy (2005 —
2016, 173379 events spanning over one-time zotg//bht.rm.ingv.it/en).
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Fig. 3. Histogram of the daily distribution of dagiakes in Turkey from 2005 till 2016.

We can see from presented results that the periatiore of earthquakes
remains true for all mentioned regions. Howevee, pleriods are different for
each region. This result shows that the periodicftgeismic activity depends
on territory. For the territory of Turkey, we obgertwo peaks of daytime
seismic activity. Those peaks are not equal in @aogd but are symmetrical in
their distribution around midday, with a two-hountdrval: first - the most active
time occurring at 10:00 am, 230 versus 100 eveamsl the second peak
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consisting of 200 events per minute versus 10Qyroicg at 2:00pm. In Turkey,
between the midnight seismic activity and the npzssive time of the day is
160 earthquakes and 100 earthquakes, respectively.

For Turkey, the skewing of the first peak to thi éan partially be due to
the territory's spreading over two time zones. Hmwethe observed data shows
that seismic activity on the territory of Turkeysalhas a periodic nature. The
presence of more than two peaks during the dayititeeval can be observed in
fig. 4.
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Fig. 4. Histogram of the daily distribution of dagiakes in Greece from 1961 till 2015.

It is interesting that for both catalogs of theritery of Armenia and the
territory of Turkey, the main peak of seismic aityivs bimodal (Mush effect).
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Fig. 5. Histogram of the daily distribution of dagiakes in Italy from 2005 till 2016.
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The histogram of daily seismic activity for therttery of Greece shows
almost no daytime activity for this region. At madd the seismic activity here
is very passive. It is rather the midnight seisagtivity that more than doubles
(250 versus 120).

The seismicity on the territory of Italy shows Ibahidday and midnight
seismic activity, though the daytime seismic attivihas significantly less
amplitude and is also slightly skewed to the |¥fte can also observe the
bipolar Mush effect of the midday peak. The midnightivity here is much
stronger though, with 170 earthquakes versus tQfBedowest point.

We have to state that seismic activity on theitteyr spanning from
Armenia to ltaly shows strong periodicity for daigeismic activity. These
periods depend on territory. It is interesting tladlt regions have midnight
seismic activity over a 24 hours period. This ipaxently the most consistent
characteristic of the whole region. Daytime seismitivity shows different
amplitudes and the distribution is skewed for ttifeknt regions.

Fig. 6. A - Focal mechanisms (lower hemispheregmtijn) for shallow (depth of < 50 km) major
earthquak. The equivalent focal mechanism plotssasted with magnitude and located in the
barycenter of the epicenters distribution weighteith magnitude (Gasperini report -
http://gaspy.df.unibo.it/paolo/gndt/pg2000/SyntbReport.htm). B - Focal mechanisms (lower
hemisphere projection) for shallow (depth of < k®@) major earthquak (M > 5.0) in the eastern
Mediteranian region (McClusky et al., 2000).

The study of focal mechanisms of earthquakes far studied territory
described in (McClusky et al., 2000 and in in tleeart of Gasperini). This
study shows that a significant majority of strorgtequakes on the territory of
Greece is dominated by the normal type of "beathhat’ points, as opposed
to Turkey and Armenia, which are dominated by &tskp "beachball plot"
points (fig.5). The map of earthquakes also revéladd the earthquakes in
Greece have more profound hypocenters (fig.6).

3. Discussion and conclusion
We can see that the daily distributions of eartkgquactivities in different
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regions show strong evidence of 12 and 24-houresydhis periodicity is also
observable when studying tides and therefore cdedego the changes of the
positions of the Sun and Moon throughout the day.

We can deduce from this research that:

1. There is a strong connection between the tidal e®rand the
predominant focal mechanism of the local earthgsiake

2. The depth of most earthquakes is connected tadakforces.

3. The seismic activity of Greece is deeper undergipurmich correlates
with the 24-hour nature of its earthquake peridglici

In other words, the forces responsible for eartkgqugeneration are
periodic by nature and related to those responfiblgenerating tides.

Our conclusion is that tidal forces most likely ypla critical role in the
earthquake generation process. They are seeminglycontrol of the
geodynamic specifications of each separate regionluding the focal
mechanism of earthquakes and the overall deptheofibminant geodynamical
processes of each region.
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ELUCUCULEMP MUCREMUYULNRESUL AFLNR3Eh
4G ULGr3UL
(Uhotpypujwi dndh hyntuhu-wpkjjuwt hwndwsh ophtwynd)

U. k. TMwqupui, U. 4. Ujpungyut
Udthnthnid

Zonudnid ukpjuyugus bu Zwywuwnwh, @nipphuygh, Znitbhwu-
nwih b hPunwhwyh ubjudhy ndjuutph wbwihgh wpnniupubpp, npnup
gnyg Lt nmwihu, np wdkl mwpwsp niuh hp wnwbdtwhwnnty ukjudhy
wlnhdugdwi ghlp: Uy ghljiipt niukt 12 dwd b 24 dud quppbpw-
Julnipjnil, hyp gnyg E mmwjhu tpuwbg juyp dwlptpugnipiut wypn-
gbuubkph hbkwn: Puguhwynyt) k pjpupowpdtph $nljuy dbkpuwbthquubph
b ubjudhl wijnhjugdwt yuppbpuwiniput juyp: Ujt tmupusp-
utpp, npnup pumpugpymd B hhuynykunpnuubph hwdbdwnwpup
hunpp mbnungpdudp b itk unpdw) $nljuy dbjpwthqd, pumipugqpynid
Eu dhuyt 24 dwudju ubjudhl winhympjut gquppbpulwiunipjudp:
Yuy E hwunwnynd ntkghntw) Epjpunhtwdhjuyh wnwtdwhwn-
Ynipniuubph b dwlpupwugnipjut nidtph dheli:

O NEPHOJUYHOM ITPUPOJIE 3BEMJISITPSICEHUI
(ma mpumepe ceBepo-BocTOYHOT0 Cpeu3eMHOMOPbS)

A. 3. Kazapsan, M. K. MkpTusin

Pesrome

B crathe mpenctaBieHbl pe3ysbTaThl aHAlW3a CEMCMHYHOCTH, BKJIIOYAIO-
e Tepputoputo Apmenuu, Typiun, I'petun u Utanuu nmokaspiBaromye, 4to
KKl PErMOH MMEET CBOM CIEHU(UYESCKHE UKl CEHCMUYCCKOW aKTHBH-
3alud. DTH LMKl UMEIOT MEepHOAbl 124 v 244, 4TO MOKa3bIBA€T MX CBS3b C
NpWIMBHBIMU Tiponieccamu. OOHapykeHa CBsI3b MEXIy (OKaIbHBIMA MeXa-
HU3MaMHU 3EMJICTPACEHUM W TEPUOIUYHOCTHIO CEUCMUYECKONW aKTUBHOCTH.
PatioHbI ¢ 3eMIIETPSCEHUSIME UMEIOIIUMHU MTPEUMYIIECTBEHHO ITyOOKOE 3ajera-
HUE TUTONIEHTPOB C HOPMATbHBIM (hOKAILHBIM MEXaHU3MOM XapaKTePU3YIOTCS
24 4acoBBIM MIEPHOJIOM CEHCMUYECKON aKTHBU3ALMHU. BRIABIACTCS CBSI3b MEKITY
reoIMHAMHYECKON crieliu(UKON U XapaKTepOM PWINBHBIX CHIL.
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