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Abstract

During July 2016 - September 2016 several hydrodynamic and geomagnetic anomalies were observed
on the multiparametrical monitoring network located on the territory of Georgia. Data were recorded
minutely and receiving in real time. Data were analyzed by the special program. In order to exclude the
influence of geological factors, the data from various stations were calibraited by the common value of
tidal variations. Were analyzed variation and reaction of parameters to the earthquake preparation
process, the value of stress field before and after earthquake was calculated as well.

Introduction

Observation of spatial and temporal variability of earth crust's stress-deformation gives a possibility
to create some modern methodology for earthquake prediction. In order to monitore the pre and post
earthquake anomalies, considering the interaction between hydrodinamic, geophysical and other
geodeformation processes (earthquakes, slow tectonic proceses, technogenic and etc), the data from
July 2016 till September 2016 have been analyzed by the special program.

Data analysis

Multiparametric data (water level, atmosphere pressure, temperature, geomagnetic variation etc)
were recorded with a minute frequency, in the deep boreholes located on the territory of Georgia.
Observations were carried out using the specialized equipment providing measurement of deformation
up to 10" degrees (1-2). In order to exclude the influence of geological factors, the data from various
stations were rated against the common value of tidal variations (3-4). Varation and reaction of
parameters to earthquake preparation process (5-9) were analyzed. The value of stress field by
hydrodynamical parameters (10-11) and the stress field variations during preparation of several
earthquake processes on the territory of Caucasus were calculated and analyzed:

Earthquake in Akhalkalaki area -21.07.2016 Mag-4.3
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‘ Fig 1
Hydrogeodeformational field picture on the moment of 21 July 2016 earthquake. The field was created

by the trended water level value

Anomaly was revealed on Akhalkalaki station before 21 July 2016 earthquake, 2 days earlier and
continued 1day long. The earthquake was in 42km distance from the station.

a b
Fig. 2
a- Origin of water level, atmospheric pressure and tidal variations at the Akhalkalaki borehole.
Vertical line marks an earthquake moment. On abscise axis time is in hours. b- Speed factor of
variations water level and earth tidal and the difference between them.

Anomaly was recorded at Marneuli station, as well.
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Fig. 3.
a- Water level, atmospheric pressure and tidal variations at the Marneuli borehole (cm). Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Anomaly of behavior of water level is revealed 2 days earlier before 21.07.2016 earthquake, 62 km
from station.

Anomaly was observed in Dusheti geomagnetic observatory 1 day earlier before event of 21 July
2016. The Earthquake occurred in 99 km from a station.
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Fig. 4
a- Variations of x,y,z components of the magnetic field. b- Variation of calculated module value.

Earthquake in Kobuleti area-28 07 2016, Mag-3,6.
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Hydrogeodeformational field picture on the moment of 28 July 2016 earthquake. The field was built
for the value of trended water level.

Anomaly was observed from the Akhalkalaki station before 28 july 2016 few hours earlier and was
continuing also during earthquake and after earthquake period. Earthquake happened in 142 km far
from the station.
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Fig. 6

a - Water level, atmospheric pressure and tidal variations at the Akhalkalaki borehole. Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Anomalies were observed before the earthquake of Kobuleti, as well as on the Ajamenti station, also.
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Fig. 7
a - Water level, atmospheric pressure and tidal variations on the Ajameti borehole (cm). Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

At Ajameti station anomaly behavior was 9-10 days earlier before the earthquake. Earthquake
epicenter was located in 93 km far from the station.

At Kobuleti station anomaly was observed 4 days earlier before the earthquake. Increasing water
level and at the same time falling can be seen on the graph. Derangement continued for 2 days before
the earthquake and the variation of water level got his regular face after 2 days. Earthquake epicenter
was 9 km away from Kobuleti station.
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Fig. 8.
a - Water level, atmospheric pressure and tidal variations on the Kobuleti borehole (cm). Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Anomaly can be seen at Oni station, before 8 days earlier earthquake, as well as at on Ajameti
station, water level drop was observed. The Epicenter of the 28 July earthquake occurred 161 km away
from Oni station.
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a- Water level, atmospheric pressure and tidal variations at the Oni borehole (cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

At Gori station water level drop also was observed. 6 days earlier before the earthquake water level
increased. This process continued for 2 days and then began to drop down. Earthquake occurred 175
km away from Gort station
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Fig. 10.
a- Water level, atmospheric pressure and tidal variations on the Gori borehole. The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and

earth tidal and the difference between them.
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The level started rising before Kobuleti earthquake on Chkvishi station, 4 days earlier before the
earthquake. The epicenter was 65 km away from Chkvishi station.
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Fig. 11.
a - Water level, atmospheric pressure and tidal variations at the Chkvishii borehole (cm). The vertical
line marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

As we can see on the graph, on 28 July before the earthquake, anomaly was recorded at Tsaishi
station, 2-3 days earlier before the earthquake. Epicenter was 77 km away from the station.
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a- Water level, atmospheric pressure and tidal variations on the Tsaishi borehole (cm). The vertical
line marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Anomaly was observed at Dusheti geomagnetic observatory 3 days earlier before the earthquake and
continues for 2 days after the earthquake. The earthquake occurred 240 km away from station.
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Fig. 13.
a-Variation of x,y,z components of the magnetic field. b- Variation of the module value

Earthquake near Akhalkalaki- 04.08.2016, Mag-3.1
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Fig. 14.

Hydrogeodeformational field value observed during the 4 August, 2016 earthquake. The field was
created by the value of trended water level.

At the Marneuli station we observed anomaly on 4 August between the earthquake and its

aftershock, it was also observed for 1 day after the earthquake. Earthquake occurred 60 km away from
the station.
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Fig. 15
a- Water level, atmospheric pressure and tidal variations on the Marneuli borehole (cm). The vertical
line marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

At the Gori station, like the one at Marneuli station, anomaly was observed on 4 August before the
earthquake and its aftershock. Gori station is in 51 km from the Epicenter.
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Fig. 16
a- Water level, atmospheric pressure and tidal variations, Gori borehole (cm). The vertical line marks
an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal
and the difference between them.

Anomaly was observed at Dusheti geomagnetic observatory, starting from 4 August 2016, 2- days

prior to the earthquake. The earthquake occurred in 98 km from the station. The anomaly continued for
2 days after the earthquake.
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Fig. 17.
a-Variation of x,y z components of the magnetic field. b- Variation of the module value.

Earthquake in Ninotsminda area-15.08.2015, Mag-3.6
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Fig 18.
Hydrogeodeformational field value during the 15 August 2016 earthquake. The field was plotted for
water level trended values.

Anomaly was observed at Ajameti station, on 15 August 2016, before the earthquake. The station is
in 150 km from the epicenter of the earthquake. 3-4 days earlier before the earthquake the water level
dropped by 40 cm. 1 day earlier before the earthquake we observed sudden rise of the water level by 20
cm. The stressed condition remained after the earthquake as wall.
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Fig. 19.
a- Water level, atmospheric pressure and tidal variations, Ajameti borehole (cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them..

In Kobuleti, which is 193 km away from the epicenter, we observed an anomaly 2 days prior to the
earthquake.

a b
Fig. 20
a- Water level, atmospheric pressure and tidal variations at Kobuleti borehole (cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

The anomaly observed 4-5 days prior to the before earthquake can be seen in the plot. The epicenter
was 81 km away from Gori station.
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Fig. 21

a - Water level, atmospheric pressure and tidal variations, Gori borehole (cm). The vertical line marks
an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal
and the difference between them.

At Chkvishi station anomaly was observed 2days prior to the earthquake. The duration of the
anomalous period is shown on graphic. Chkvishi station is 165 km away from the epicenter.

T - ""
a

n“-
I

Ber 0 o i,
Energy=0 00374 e 0

e < wn}

ki L2 1257 it 45 P

'

= oo T 3 L W —

a b
Fig. 22
a- Water level, atmospheric pressure and tidal variations at Chkvishi borehole (¢cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

At Tsaishi station the anomaly was observed a week prior to the earthquake. Borehole is out flowing
and is located 227 km away from the epicenter.
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Fig. 23
a - Water level, atmospheric pressure and tidal variations on the Tsaishi borehole (cm). The vertical
line marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Earthquake in the Gagra region- 02.09.2016 Mag=4
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Fig. 24
Hydrogeodeformational field value during the 02 September 2016 earthquake. The field was built for
the water level trended values

2 days prior to the 2 September earthquake we observed the anomaly at Kobuleti station. Kobuleti
station is 191km away from the epicenter.
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Fig. 25
a- Water level, atmospheric pressure and tidal variations at Kobuleti borehole (cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Their variations speed graphics and the
difference.

We observed anomaly at Ajameti station 1 day prior to the earthquake- water level remained
dropped after the earthquake as well.
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Fig. 26

a- Water level, atmospheric pressure and tidal variations at Ajameti borehole. The vertical line marks
an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal
and the difference between them.

Anomaly was also observed at Chvishi station before the earthquake on 2 September, where like
the one in Ajameti, the water level dropped and maintained the level for some time after the

earthquake. Chkvishi borehole is 187 km away from epicenter.
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Fig. 27
a - Water level, atmospheric pressure and tidal variations at Chkvishi borehole (cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Earthquake occurred on the North-West territory of Azerbaijan- 07.09.2016, Mag=4.4
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Fig. 28.
Hydrogeodeformational field value during the 07 September 2016 earthquake. The field was built for
the trended water level values.

Anomaly was also observed at Dusheti Geomagnetic Observatory, a week prior to the 7 September
2016 earthquake and continued for 6 days. The earthquake occurred in 165 km from the station. The
second earthquake in the graph is an aftershock.
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Fig. 29.
a-Variation of x,y,z components of the magnetic field. b- Variation of the module value.

Lagodekhi station is in 35 km from the epicenter. As we can see the graph, the anomaly is observed
2 days prior to the 7 September earthquake.
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Fig. 30.
a - Water level, atmospheric pressure and tidal variations at Lagodekhi borehole (cm). The vertical line:
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

At Marneuli station, which is 169 km away from the epicenter, the anomaly was observed 2 days
prior to the earthquake and lasted during the earthquake as well.
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Fig. 31.
a - Water level, atmospheric pressure and tidal variations at Marneuli borehole (cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Anomaly was also observed 2 days prior to the earthquake at Gori station. Here like in Marneuli,

conditions lasted after the earthquake as well. Gon station is 226 km away from the 7 September
earthquake epicenter.
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Fig. 32

a - Water level, atmospheric pressure and tidal variations at Gori borehole (cm). The vertical line marks
an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal
and the difference between them.

4 days prior to the earthquake an anomaly was observed near Chkvishi borehole. Here a typical
picture of Chkvishi station is shown before the earthquake expressed in sharp changing of the level.
Chkvishi station is away 352 km from the earthquake epicenter, which occurred on 7 September 2016.
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Fig. 33
a - Water level, atmospheric pressure and tidal variations at Chkvishi borehole (cm). The vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and
earth tidal and the difference between them.

Conclusions

The results show that variations in hydrodynamic and geomagnetic parameters are caused by the:
earth stress. During normal period it change according tidal variation and has “background” value.
“Anomalous” variations during preparation period of the seismic event demonstrated change above
“background” value, as indicator of tectonic activity. Earthquakes with Magnitude 3-5, occurred during
the observed time period on the territory of Caucasus. Character of “anomalies” depended on energy
of earthquakes. Period of “anomalies” varied between 2-5 days and the distance of influence changed
between 200-500 km from the epicenter.

Acknowledgments: The authors thank the Rustaveli National Scientific foundation for financial
support of the project #156/13 “Spatial and Temporal Variability of Geodynamical Field and Its
Influence on the Deep Aquifers and Geomagnetic Field*.
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I'aapoguHAMHYECKHE H TéOMArHUTHLIE AHOMAJIHH,
cBsI3aHHEBIE ¢ 3emiieTpsicenusimu KaBkasa

I'mopruit Menukanse, Tamap JDxummenanse, ['enagnit Ko63es, Anekcanape Yankserarasze
I'ocymapcreenHblii yHusepcuret um. Mane /xapaxutusuiu, MuctutyT reodusuku um. M. Homust
Pesrome

B mepuon ¢ wrons 2016 mo ceutsiopp 2016 Obwn 3adukcupoBaH psig THAPONAWHAMHYECKHUX U
F€OMATrHUTHBIX AHOMAJHMM MPU MYyJIbTUIIAPAMETPUUYECKHUX HAOIIOACHHSIX HA MOHUTOPHUHIOBOM CETH,
pacnonoxkeHHod Ha Tepputopuu ['py3um. J[aHHBIE 3aMMCHIBAIMCH €KEMHUHYTHO U COOHpAHCh B
pesknMe peanbHOro BpeMeHu. OHu ObLIM MPOAHATIU3UPOBAHBI ¢ MTOMOIIBI0 CHEHATBLHOW MPOTPaMMBL.
C teM, 4ToOBI MCKIIFOUUTL BIUSIHUE I'€OJIOTMUECKHX (PAKTOPOB, JAHHBIE C PA3JIMUYHBIX CTAHIUN ObLIN
OTKaJ'II/I6pOBaHbI C IIOMOIIBI0 3HAYCHUM MPUIMBHBIX BapHUAIWMN. OCyH.IeCTBJ'IeH aHaJN3 Bapualui u
peakuua mnapamMeTpa Ha MNIpPOoHeCC MOATOTOBKH 3€MIICTPACCHHA, a TAKXKE BBIUHUCIICHbI 3HAYUCHHA
HAMIPAKEHHOTO TOJIs 3€MITHA 10 U TTOCJIC 3EMIICTPACCHUA.
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