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Locations of extinct volcanoes of the Great Caucasus do not match
with the proposed Borjomi-Kazbegi Fault. Mt. Mkinvartsveri
(Kazbegi) and centers of Neogene-Quaternary volcanoes of Keli
Plateau are not discontinued from each other or displaced
horizontally in the opposite directions.

The map of earthquake epicenters does not confirm opinion on the
difference between the areas extended east and west from the
proposed BKF. The seismic activity in the entire area is even.

The data of gravimetric and magnetometric surveys does not point to
any displacement of the field contour lines across the proposed fault.

The special multidisciplinary study using the geomorphological,
topographic, geodetic, geological, seismological, anomaly gravity and
magnetic field methods have not resulted in any evidences supporting
the occurrence of the proposed fault.

o The seismic activity of Georgia, Caucasus and entire basin located
between the Black and Caspian Seas, is mainly explained by about 25-
30 mm/year rated north convergence of the Arabian microplate,
regional crust deformation and disposition of the tectonic and
geomorphological (topographic) units matching with the wedge
shape of the Arabian microplate, as well as with the layout of Black
Sea and south Caspian Sea areas with oceanic and sub-oceanic crust
patterns.
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3. Publications Related to Dissertation Theme

The 4 papers related to the dissertation theme have been published,
including 1 paper in the high rating scientific edition. 1 paper is dassed
and received for publication in also high rating edition (with impact-
faqtor).

[1] . Lursmanashvili N. (2013). Reality of Borjomi-Kazbegi Fault (Case
Study of Borjomi Valley). M. Nodia Institute of Geophisics, Proceedings,
vol.LXIV. 46-53 (in Russian).

[2] Lursmanashvili N. (2014). Research of the seismic activity of tectonic
structure: An example of the Borjomi- Kazbegi “Fault”. Georgian
Engineering News. N1,vol.6. p.72-77 (in Georgian).

[3] Lursmanashvili N. (2015).Geometry, kinematics and active tectonics of
earthquake sources-fractures in Georgia and neighboring territories.
Georgian Engineering News .N1,vol.73, p.91-92 (in Georgian).

[4] Adamia,Sh., Chkhotua,T.,Gavtadze,T.,Lebanidze,Z.,Lursmanashvili, N.,
Sadradze,N., Zakaraia,D., Zakariadze,G., (2015). Tectonic setting of
Georgia-eastern black sea: a review. Geological Society, London, Special
Publications , (0835J®-8JGH™60).

[5] Adamia,Sh., Alania,V., Tsereteli ,N., Varazanashvili ,O., Sadradze, N.,
Lursmanashvili, N., Gventsadze, A., (2015). Post-Collisional Tectonics and
Seismicity of Georgia. Proceedings Volume on SW Asian Geology for the
Manuel Berberian GSA Session, Denver, USA (in print. 0335J®-

BJH™O0).
6 Abstracts of lectures at International Scintific Forums have been

published:

[6] Adamia Sh., Bombolakis E., Martin R., O’Konnor T., Szymansky E.,
Tsereteli N., Lursmanashvili N.. (2009). Borjomi-Kazbegi Strike-Slip Fault:
Does It Exist? 2 th Internacional Symposium on the Geology of the Black
Sea Region. Ankara, Turkey. Abstract Book, 9-10.

[7] Adamia,Sh., Alania, V., Chabukiani, A., Enukidze, O.,
Lursmanashvili, N., Sadradze, N., Zakariadze, G., 2013. Geology of
Georgia-Eastern Black Sea; a Review. Darius Program, Eastern Black Sea
and Caucasus , Tbilisi, Georgia, Abstract volum,5-6.
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Fig. 9. Map of M>5 earthquake epicenters.

Above map of seismic sources and epicenters does not support the
opinion on the uneven seismicity of the areas extended over the opposite
sides of the proposed BKF.

Chapter 7 (“Drivers of Geodynamic Activity of Georgia and the
Caucasus”) overviews the challenges experienced in exploring history and
mechanisms relevant to the formation of the contemporary lithosphere
structure. This chapter, also, provides the layout of deep geotectonic
structure of Georgia and its adjacent areas confirmed in result of deep
seismic sounding, as well as presents the appropriate seismic tomography
model. The main characteristics of the faults of the region are determined
with due account of the regional faults geometry, kinematics and active
tectonics.
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2.3. Conclusions

The need for using multidisciplinary methods for study of the
important seismic struqtures is emphasized. The research practices
employed should include geomorphology, seismology, geodesy,
geology, map analysis, seismic tomography and interpretation of
stationary GPS data. As an example, such methods have been applied
for investigation of the proposed Borjomi-Kazbegi Fault considered as
the active west boundary of the Arabian wedge encroached from the
south.

The analysis of geomorphologic maps has shown that the boundaries
of Georgia’s main geomorphological units (Great Caucasus Range,
Intermontane Depression of the Trans-Caucasus and South Georgia’s
mountains) are not displaced under the impact of proposed Borjomi-
Kazbegi Fault.

No displacements wasrevealed along the proposed BKF in result of
analysis of the topographic maps. The hydrographic network is not
disturbed. All topographic features continuously cross the proposed
fault zone.

The data obtained from GPS stations point that directions and rates of
the dislocations at both sides of the proposed BKF line are the same,
i.e. no opposite displacement occurs due to strike-slip effect.

Structural stresses and slickenside alignments observed in the study
area (e.g. in Borjomi valley) should be explained by compressional
impacts, but not the influence of the left-lateral movement.

Tectonic zones and sub-zones, as well as their boundaries are not
displaced or disturbed under the proposed strike-slip effect. No
structure shows any sign supporting their opposite movements due to
the fault impact.

The foregoing conclusions have been justified by geological mapping,
geological maps and profiles. In the case of the BKF occurrence,
displacements of the mapped geological units should be obvious,
especially if the strike-slip of such a considerable displacement
existed.
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Fig. 8b. Geological Map of Georgia (1:500000)

Neither of the reviewed State Geological Maps shows any displacement of
the geological units that should be obviously evident in the case of
occurrence of the proposed Borjomi-Kazbegi Fault, especially of such a
large displacement as noted by some researchers. Regarding extinct
volcanoes, it may be stated that their locations obviously do not match the
probable BKR line.It should also benoted that no discontinuities have
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been observed in the spatial distribution of volcanic centers and/or lava
flows. The map clearlyshows that Neogene-Quaternary volcanoes are
distributed at the both sides of the so-called “strike-slip”.

The tectonic slickensides (fault mirrors) have been reviewed, and rock
brake nature and classification have been described. The most of them are
extended vertically, semi-vertically or at the various angles to the horizon.
However, the slickensides of various orientation developed in the rocks of
Borjomi valley do not support to the occurrence of the strike-slip fault.
The structural stress directions (north-west) evidence an influence of the

compression forces, instead of the strike-slip effect.

This chapter also reviews results of the special regional study carried out
for specification of the deep geological structure of the subject region
applying the seismological, anomaly gravity and magnetic fields, and deep

seismic sounding methods.

The completed studies did not reveal any discontinued/displaced
geological units, boundaries or other linear features. The seismic activity
along the proposed BKF is much lower comparing to the same at its
opposite sides as evidenced by the new map of earthquake epicenters.
According to the contemporary instrumental observations carried out
within the improved seismic network, no high intensity earthquakes are

detected along the proposed fault (Fig. 9).
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Neither any displacements are identified along the probable BKF, nor any
disturbances of orographic and hydrographic networks are found in result
of analysis of the above maps.

The data obtained from GPS measurements allowed to judge occurrence of
the probable BKF in the study area. The Arabian-Caucasian microplate
moves at about 30 mm/year towards the north-east. Within the Caucasus,
this rate considerably decreases towards the north. In Turkey, direction of
the lithosphere movement changes to the west-north-west. Due to the
plate convergence, the Caucasian plate undergoes compression and breaks
provoking the earthquakes (Fig. 6). Nowadays, displacement values and
directions at both sides of the so-called BKF are the same, i.e., at present,
no opposite displacements caused by the BKF’s strike-slip affect occur.

Fig. 6. GPS measurements show equal displacements of the
lithosphere at both sides of the so-called BKF,
approximately towards the north.
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Geological study of the subject area involved review of geological
structure of the Caucasus, along with nature of its principal tectonic units.
The general layout of the geotectonic units reflects the current geological
structure of Georgia’s territory. The structures were not created
simultaneously, but instead formed in result of long geological
development. Observation of the boundaries among zones and sub-zones
does not show any displacement (or disturbances of such units under the
affect of proposed Borjomi-Kazbegi Fault). Also, no displacements are
identified from the 1:500000geological and tectonic map of Georgia
published more recently (Fig. 7).

.: s hith al Bl w0 e 16T Ty ol L
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Fig. 7. Tectonic zoning of Georgia

The maps prepared and published in result of the completed State
Geological Surveys were also used for checking occurrence of the BKF.
The 1:1000k, 1:500k, 1:250k, 1:200k, 1:50k, 1:25k and 1:10k scale maps
have been reviewed in detail and the results relevant for judging about
occurrence of the possible fault have been presented (Figs, 8a, 8b).
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Chapter 6 (“Methods Selected for Determining Occurrence of the
Borjomi-Kazbegi Fault”) provides the list and review of all methods used
for identifying the actual existence of the proposed fault, including:

o Geomorphological study

o Topography data analysis;

o Geodetic (GPS) Survey;

e Geological investigation  (tectonic  zoning,  geological

surveying/mapping);
o Geophysical methods (seismologic, gravimetric, magnetometric).

With respect to geomorphology, Georgia may be divided into the
following 3 major zones: 1. Great Caucasus (Cavcasioni), 2. Intermontane
Depression of the Transcaucasus, and 3. South Georgia’s Highlands (Fig.
3).
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Fig. 3. Proposed left-lateral Borjomi-Kharagauli Fault depicted
on the geomorphological map of Georgia

Assuming that the Borjomi-Kazbegi Fault exists, resulted several tens
kilometer longdisplacement of the major morphologic features of Georgia
should translate into significant displacement of the actual boundaries.
However, as shown on the above map, no such displacement is evident.
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In the section devoted to topography analysis, topographic maps of the
Borjomi and Tergi River valleys have been studied (Figs. 4 and 5).

Fig. 4. Topographic map (1:25000) of the Borjomi-Kortaneti
section of the Mtkvari River valley

Fig. 5. Topographic map (1:50000) of the Kobi-Kazbegi section
of Tergi River valley.
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2.2. Brief Description of Chapters

Chapter 1 (“Earthquake as Event and Its Reasons”) describes the
earthquake as a natural geodynamical event caused by dislocation of
lithospheric plates, the physical processes of its origination and
development patterns. The drivers provoking the seismic event located in
the earth and importance of their study is discussed. In addition, this
chapter provides overview of several specific earthquakes occurredduring
historical and instrumental periods. Chapter 2 (“Spatial and Temporal
Localization of Earthquakes”) providesreview of the relationship among
the earthquakes and so called Seismic Focal Zones, along with the detail
description of individual seismically active zones (Fig. 1).
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Fig. 1. Pacific and Mediterranean-Himalayan Seismic Belts

Chapter 3 (“Georgia as Part of Global Seismic Belt”) overviews Georgian
landscape, tectonic position, basic tectonic units, crust structure,
seismicity and seismic struqtures, as well as the earthquake sources —
faults. Also, this chapter lists geological units located under the east part of
the Black Sea.

Chapter 4 (“Seismic struqtures of Georgia: Borjomi-Kazbegi Fault, History
of Its Delineation and Study”) outlines the major issues related to
discovery of the proposed BKF as a major seismic structure and its
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characteristics. This fault is considered as the NE-SWaligned strike-slip
that originates in Turkey, crosses entire Georgia and continues in the
North Caucasus (Fig. 2).

The south section of the BKF was delineated by H. Abich, and the north
section - by E. Milanovski, who named the structure as Tskhinvali-
Kazbegi Fault. Lukina defined Borjomi-Kazbegi fault as the left-lateral faul
tzone with a maximum horizontal displacement of ~60 km, while
according to others researchers such displacement is about ~90 km (Philip
et al.1989).

Fig. 2. Proposed left-lateral Borjomi-Kazbegi Fault (BKF).

According to the foregoing authors, in result of BKF, its geologically
distinctive west and east sides, also differ in the seismical respect.

Chapter 5 (“Actual Occurrence of Borjomi-Kazbegi Fault”) specifies the
arguments against real existence of the BKF. Number of both local and
foreign researchers rejected its occurrence. One of the main evidences
supporting such opinion is provided by geological survey data plotted on
the various scale State Geological Maps (e.g. West Caucasus - 1:1000000,
Sheets K-(87), K-(38), 1982; Georgia — 1:600000, 1964; Caucasus —
1:500000, 1976, Georgia — 1:500000, 1:200000, etc.).
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(ii) There are several seismically important structures located in
the Caucasus, and specifically in Georgia, which deserve the
special multidisciplinary, well-coordinated study applying
geological, geomorphological, geophysical and geodetic
methods.

The questions related to structure and kinematics of the study area are as
follows: (i) What is a structural layout of deformations relevant to the
study area? (ii) What is deformation kinematics? (iii) How reliably
occurrence of the fault has been justified?
The following methods have been used during study:
o Analysis of the geological maps;
o Interpretation of the geomorphological, seismological, geodetic,
seismic tomography, GPS (both stationary and mobile stations),
and field measurement data and information.

1.4. Scientific Novelty and Major Outcomes

o The features of structure, ages of the deformations and
kinematical processes relevant to the study area have been
adjusted using the new geomorphologic, geodetic, geological and
seismological information/data.

e Obtained results challenged occurrence of the proposed fault,
since the multidirectional study performed has not revealed any
data supporting its existence. No discontinuities were observed in
topographic and geological markers pertaining to the opposite
sides of the “fault”.

o No structural unit shows any sign justifying its displacement due
to occurrence of the strike-slip fault.

1.5. Theoretical Value of the Dissertation

The results of study of the proposed Borjomi-Kazbegi Fault clearly point
to the need of comprehensiveinvestigation of any proposed earthquake
source / active seismic structure to justify its actual occurrence, including
geomorphological, geodetic, structural-geology, seismological, gravimetric
and magnetometric (for defining the deep lithospherestructure) practices.
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The most effective methods for identification of the strike-slip-shaped
structures comprise topographic analysis of the river network, and various
scale mapping of the geological marker features (faults, fold axes,
lythological boundaries, etc.), as well as the measurement of directions
and values of the ground horizontal displacement using GPS technologies,
anddue account of linear disposition of the earthquake epicentres and
source mechanisms.

1.6. Practical Value of the Thesis

Assuming that existence of the proposed fault line always is accompanied
by higher seismic rating of the surrounding area, determination of the
actual occurrence of the proposed fault is of high practical importance for
the study region. The seismic activity is among the most powerful natural
events that may cause mortalities and material damages. In addition, the
earthquakes can give origin, trigger or provoke bulk mass sliding processes
that farther increases practicality of justifying the actual existence or
absence of the possible fault.

1.7. Structure and Volume

The dissertation is printed on 113 pages of A4 format, and structurally is
composed of Introduction, 7 chapters, Conclusion, References ( 83 items) .

2. Main Content

2.1. Introduction

This dissertation provides review of the active faults of the Caucasus,
including their main features such as geometry and dominated directions.
In the most, the faults are extended sublongitudinally and are related to
N-S compressional structures and stresses. The major seismic sources
occurring in the Central Georgia include compressional structures and
left-lateral faults of NE-SW propagation.
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1.1. Research Topicality

The hazardous impacts on the ground surface provoked by rapid, instant
deformations of the lithosphere are well known to the mankind. The
several hundredth thousands of mortalities, huge material damages,
devastation of the environment — these are results of such catastrophic
events.

The earthquakes occur around the globe; however their sources are
distributed in a clearly defined localized pattern along the boundaries
between lithospheric plates. Therefore, location, investigation and
adjustment of the probable earthquake sources is of both theoretical and
practical importance, especially in the seismically active regions, as are
the Caucasus in general and Georgia in specific. For example, this is
important for seismic safety and risk assessment of reservoirs and dams
(e.g. Jvari Reservoir on EnguriRiver, Zhinvali Reservoir on AragviRiver,
etc.), oil and gas pipelines, settlements, etc.

In Georgia and its neighboring countries, seismically active faults are
extended in three distinct directions among which are dominated
longitudinaly oriented compressional structures. The prevailing
directions include sub-longitudinal (W-NW) or longitudinal (W-E), NE-
SW and NW-SE. The so-called “Caucasian” directions of the structures
are of compressional nature, and comprise the thrusts and extensively
compressed fault-propageiting folds. The transversal faults are also
composed by compressional structures, but in contrary to the “Caucasian”
directions, with various size strike-slip components. The left-lateral
faults of NE-SW alignmentare characteristic to the principal seismically
active structures in Georgia.

The Caucasus region for a long time has been considered as an example

of the wedge-shaped tectonics, while the proposed left-lateral Borjomi-
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Kazbegi Fault is considered as the west boundary of the actively
encroached wedge-shaped Arabian microplate (Arabian wedge).
Therefore, study of the proposed Borjomi-Kazbegi Fault is very
important for more accurately estimating the seismicity of the Caucasus
region.

1.2. Study Goals and Main Objectives

The work aimed at selection, improvement and application of the
necessary methods for studying the seismically active structures of
Georgia, as well as use of such methods for investigating specific
structures, namely the proposed Borjomi-Kazbegi Fault. For this, the
following tasks were completed in stages:

e Collection, review and critical analysis of the references related
to the faults (including the BKF);

o Comprehensive investigation of the study area, i.e. both sides of
the proposed fault line applying the on-site geological,
geomorphologic, geodetic (GPS), seismic tomography and
seismological methods.

e Assessing the regional scale seismic hazards and drafting the
relevant recommendations based on reconstructed prevailing
regional geodynamical conditions.

1.3. Theoretical and Methodological Basis

The study area covers the entire territory of Georgia, and more
specifically the considerably extended area encompassing the proposed
Borjomi-Kazbegi fault line. The object of study has been selected due to
the following factors:

(i) Tectonics and geological evolution of Georgia and entire
Caucasus is substantially determined by location within a large
continental collision and deformation zone extended between
Eurasian and African/Arabian lithospheric plates.
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Study of Seismically Active Structures of Georgia
and Selection of Research Methodology (Based on
Example of Borjomi-Kazbegi Fault)

1. General Overview

The researchers always paid attention to the investigation of structure and
formation of the Caucasus lithosphere with farther grown interests
evidenced in the recent years particularly towards the regional

seismotectonics.

According to the opinion shared among a number of researchers, one of
the most important seismically active structures of the Caucasus Region is

a proposed “Borjomi-Kazbegi Fault” (BKF).

The object of study is extended over the considerable area. Namely, it
originates on the territory of Turkey, traverses through the entire Georgia
and terminates in the North Caucasus. As believed by various researchers,
the BKF divides the Caucasus into significantly distinctive western and
eastern parts, penetrates the entire crust as well as the Moho surface, and
represents the left-lateral fault with the west part displaced to ~90 km
south. Such displacement occurred during the last 5-3.5 million years, i.e.
after formation of the major structural units of the Caucasus had been
completed, including the Greater Caucasus and Adjara-Trialeti fold-and-
thrust belts and Georgian block. The fault slip rate has been estimated at
1.8-2.5 cm/year. Reportedly, the opposite sides of the BKF also differ
seismically.

Within the framework of qualification theme, the comprehensive study of
seismically active structure, i.e. Borjomi-Kazbegi Fault has been
performed applying the contemporary methods with the purpose
ofadjasting the geodynamical model of the Caucasus, specifically of its

Georgian part.
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