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ABSTRACT

Armenia is situated at one of the most active sedsnef the Alpine-Hymalayen seismic belt, in thee®f
collision of Arabian and Eurasian plates.

Basing on numerous geological and geophysical thetgpetrophysical section and mechanism of opkiolit
structures formation are presented where the miotLntrusion of serpentinized masses into uppeizbns

of crust is essential. Preliminary results on rdekydration and polymorphous transformations inemats
which may trigger seismic shakings of crust.

Study of earthquake sources distribution in depmh $hown that the maximum depth of earthquake hypo-
centers is not exceeded 35 km and most earthquakees in the Caucasus and Armenia are shallow ones
which caused high intensity impact on the settldmebData on petrophysical section as well as stfdy
processes in minerals at high temperature and yneesse important for defining the physics of equidke
sources.

The relationship between the different depths afrees for strong regional (M>5.5) and local peritdgt
(3.5 M 5.5) earthquakes (source depths: 0-10km, 10-20RA35&m with controlling active faults as well as
deep processes in the crust in the territory of émia is studied.

Preliminary results revealed the relationship & $lgstem "earthquake source-active fault-protruisitresion

of masses". The study is ultimately focused ontragid in time evaluation of seismic hazard in #weitory

of Armenia [9, 10] and in prospect on solving tlelpem of earthquake prediction.

Introduction

There are different approaches to the problem dhgaake preparation and matter changes at theeour
area. The common view is that the earthquake tsflibe rupture of media continuity either in thenfoof
splitter on shift deformation (without significanhange of volume), or directly on the account ofuxee
change (increasing or decreasing). Such problend dmoai studied in detail using petrophisical sectiamd
crust evolution models for concrete region. Sucliehdor Lesser Caucasus was presented by the author

2, 5 and 6] on the basis of nhumerous geological geophysical data and results of research at high
temperature and pressure (Fig. 1). Geological ggaphysical data revealed the crust capacity fasée
Caucasus as ®%@km. The high plastic, low density, low speed amghhconductivity layer consisted of
serpentinites and in different scale serpentinizkdhbazites and amphibolites is located at thedfoerust
(35-50km). The high speed layer of gabbro and gablbrites is located higher at the depth of 22-35Kte
medium composition rocks namely gabbro-diorites lacated above the gabbro layer. Further above is
granite layer of metamorphized complex of Pre-Caambrand Lower Paleozoic, and still further are
sedimentary-volcanogenic formations of Mesozoic @edozoic.
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Figure 1. Structure, composition and evolution of the cinghe territory of Armenia [1]

1l-water; 2-sedimentary layer; 3- weakly meta-maplli complex of the sedimentary layers; 4- meta-
morphized complex of Pre-Cambrian and Lower Palieofgranite layer-G); 5- volcanogenic layer; 6-
gabbro-diorite layer (B1); 7- gabbro layer (B2); @nphibolite and serpentine layer (B3); 9- serpezgid
layer; 10- ultra-basites (upper mantle); 11- voicaampparatus; 12- collision volcanites of ophidditel 3-
granite intrusion; 14- cover structures; 15- donmstinictures of hydrocarbons; 16- faults; 17- hypoee of

the Spitak 1988 Earthquake; TC- microplate of SeuthCaucasus, L - Lock's massiv, S- Sevan ophiolite
zone, TM-Tsaghkunyats massiv, CA- Central Armeniaicroplate, V- Vedi ophiolite zone, SA- South-
Armenian microplate.

1. On rock dehydration and polymorphous transformatons in minerals at high
termobaric conditions

Geo-dynamic processes in the Earth's interior arected, in particular with the processes occuimed
different types of rocks in deep conditions. Theearmental modeling of thermobaric conditions otple
zones of the Earth is provided to define the plsysicthose processes. The results of preliminasgaech for
different rock types of Lesser Caucasus have bablisped [3, 4, 7].

As to the provided section of structure and comtpmsiof crust for Armenia (Fig. 1) the dehydratioh
serpentinized layer laid beneath the crust had aeemtly occurred during the geological era duehttnge of
thermobaric conditions. The amphibolization of loywarts of gabbro occurred at high thermobaric dans
due to fusion of water vapor. The above result®ated that the processes in rocks are accomparited w
dehydration of minerals and new mineral formatidhe processes are accompanied with drastic change o
seismic waves and volumes up to 30%.

Experiments have shown that some minerals undergohgnorphous transformations accompanied with
phase change and drastic change of rock volumeAftempt made explain the disdensification of cewdte
rocks at the pressure up to 20kb. As to the autti@rsnineral calcite of carbonate rocks playedrtte of
diffusive water in higher horizons of crust at gre@pths. Polymorphous transformation of the oalést
accompanied with phase change. The plastic cal€iteetamorphous rocks at the depth of 10-20km mbure
into the cracks to expand and diversify them.



The process described cause some general effentarsio those of the process of dilatancy. In real
conditions the effects obtained in laboratory wodldplay more profoundly and in greater scale, and
specific conditions may be the reason triggeringnsie shaking.

Therefore, the dehydration and polymorphous transitions may cause the geo-dynamic processes at
different depths of crust, and so the seismic stgakiof different magnitude may be caused by meetion
processes.

2. Earthquake source depth according seismologicdhta

The preciseness of earthquake epicenter and hypterceoordinates definition is equaled #8km. The
geological model of the crust in the zone of seistmzard in Armenia has the mosaic-blocked stractur
consisted of differently directed faults. The pipat elements are the active blocks with boundiotiva
faults. The most hazardous are the junctions cfetaults.

According to seismological data [8] the earthquaiarces in depth within Lesser Caucasus may beetivi
into three groups (Fig. 2).
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Figure 2. Earthquake sources in depth distribution in thestcior the territory of Armenia in 1965-2007
(M>3.5, 161 events)

According to the petrophysical section providedwabthe earthquake sources located at the deptHLOkt

are corresponding to volcano-sedimentary layer e@sdtoic and Cenozoic age (67 sources); 10-20km -
metamorphous (granite) layer of Pre-Cambrian anddrdPaleozoic age (79 sources); 20-35km - relativel
rigid gabbro and gabbro-diorite layer (only 15 sms). Lower than 35km the plastic, relatively loandity
serpentinites, and serpentinized ultra-basitesaamghibolites are located and no earthquakes weogded.

3. Results of comparative data analysis

The earthquakes of different magnitude adjourméodifferent zones of seismic hazard.

Reviewing the earthquake epicenter map in thetoeyriof Armenia it may be noted that the earthqsake
(M 3) with different depths of sources (0-35km) arsesled only in the northern-west region of Armenia
the area of Sevan ophiolite belt at the junctiorfieé well-known active faults in the territory éfrmenia

(Fig. 3).
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Figure 3. The earthquake epicenters in the territory of Arraen 1965-2007

Source concentration at this junction may be causedny reason including protru
plastic, low density serpentinized masses as veeihalepth dehydration of those ro

hx¢

A

®
*
A

0-10km
10- 20 km
20-35 km

M==55
0-10km
10-20 km

20-35 km

sive intrusion ofti
cks. Fault degptthis

area reached to 50km. Lack of earthquake sourceabeninterval of 35-50km stipulated by the plastic

condition of those rocks. The seismic activity wa observed at another Vedi ophi
due to low tectonic activity.

Mladzor
Hrazdan
M=301 4% 500 .
M=295g@M=282 ,°
el =320 o
M=273 e
2
%
M =367
Ok
o i
ol

Figure 4. The epicenters of earthquakes occurred in thigderiof Armenia on January
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The earthquake sources (3M 5.5) located at the depth up to 20km are obsermedther regions of
Armenia especially in the central trough. Some ladse sources may be connected with polymorphous
transformations in carbonate rocks of metamorpligranite) layer and related rupture formation.

The formation of local earthquake sources and teepanding into the network of cracks in the resiilt
mineral polymorphous transformation may be theaead seismic shakings occurred on 12-13 Januady 20
in Armenia to south-west of Lake Sevan (Fig. 4s(@kings, M=2.0-3.7, H=10-15km) at the zone of Azat
Sevan supposed active fault.

Conclusion

Comparing the results of research at high temperstand pressures, and seismological data may stehew
highlight the formation of earthquake sources apdkorizons of the crust in the territory of Armeenin
ophiolite belts the earthquake sources up to deptB5km (roof of serpentizied layer) may be caubgd
permanent protrusive intrusion of serpentized nsassal their dehydration. In other regions of Arraeni
especially in the central trough the earthquakecesulocated at the depth of 10-20km may be trizgydry
polymorphous transformations in minerals. Therefdinere is the possibility of earthquake sourcesptsy
definition which understanding may allow to bringamner the solution of earthquake predictiwablem.
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