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Introduction

Roads connecting the border regions of Georgia are of special strategic importance. Lack
of roads or obstruction of movement on the roads may be a precondition for uncontrolled
border section, which in turn increases the risk of smuggling illegal products, or involves the
threat of crossings of armed persons or groups of unknown origin and destination. It is the
existence of unregulated and unsafe roads for movement that is one of the reasons for the
migration of the population from the border mountainous regions to plain areas. Because of
this, too many mountain villages were emptied.

Mountainous regions attract many tourists, which is important for the economic
development of the country, but the unregulated road infrastructure and hard natural
conditions make it difficult for tourists to move, and the tourism potential of many
mountainous regions cannot be properly exploited for these reasons.

Roads are one of the most important critical infrastructures, as it provides access to
medical services, educational institutions, tourist facilities, etc. through it. In addition, a well-
regulated and well-maintained road network plays an important role in the socio-economic
development of the country.

Roads are essential for the maintenance of public vital functions. Damage and destruction
of roads by natural disasters can have a negative impact on the well-being of citizens. In the
conditions of global climate change, the frequency and intensity of extreme weather and
climate events increase significantly: heavy snow, fog, avalanches, storms, torrential rains, hail,
etc., which together with geological events create emergencies on highways and hamper traffic.
Roads often are closed from few hours to the end of the whole winter, leaving villages and
settlements cut and isolated; therefore, the study of dangerous geological and
hydrometeorological events on the roads connecting the border regions of Georgia and the
classification / zoning of roads by these events is important for the country, society and science.

The aim of our research was the Investigation of the process and characteristics of the
emergency situation creating hazardous geological (landslides, mudflows, rock-avalanches and
rock-falls, the river bank washing, etc.) and hydrometeorological (floods, snow avalanches,
fogs, storms, etc.) events on the Tbilisi-Gudauri-Larsi and Tbilisi-Zhinvali-Shatili highways,
classification / zoning of roads in terms of extreme geological and hydrometeorological events
and creation of its Geographical Information System (GIS).

In the monograph two road sections are studied, which are vital for the mountainous
border area of Georgia, as it connects the northern and southern slopes of the Caucasus: 1.
Thilisi-Pasanauri-Gudauri-Dariali-Larsi, or so-called. Georgian Military Road; and 2. Tbilisi-
Zhinvali-Barisakho-Shatili, or the road connecting the high mountainous parts of Pirikita
Khevsureti and Piraketa Khevsureti with the capital.

The road in both directions is connected with the historical-ethnographic provinces of

Georgia, located on the northern slopes of the Caucasus, which are isolated by a high watershed
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(the main range of the Caucasus) and at this stage, direct communication with them is possible
only through high passes: Jvari Pass (2,379 m) (Kazbegi Municipality) and Datvisjvari Pass
(2,676 m) (Dusheti Municipality).

This work was supported by the Shota Rustaveli National Science Foundation of Georgia
(SRNSFG) Grant Ne BRG-1-21-228, “Classification/zoning of roads connecting the border
settlements in the Central Caucasus (Tbilisi-Gudauri-Larsi and Tbilisi-Zhinvali-Shatili) in terms
of dangerous natural phenomena and creation of its geographical information system”. Project
Manager: Doctor of Geographical Sciences Mariam Elizbarashvili, Coordinator: Academic
Doctor of Geography George Gaprindashvili, Participants: Doctor of Geographical Sciences
Elizbar Elizbarashvili, Academic Doctor of Geography Giorgi Dvalashvili, Master of Geography
Nino Chikharadze, Doctoral students: Zurab Rikadze, Tamar Khuntselia; and a TSU student:
Irakli Elizbarashvili.
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CHAPTER 1

Highways and municipalities

1.1. Highways

In the Central Caucasus there are two important roads connecting the border settlements:
1. Thilisi-Pasanauri-Gudauri-Dariali-Larsi, or the so-called Georgian Military Road; and 2.
Thilisi-Zhinvali-Barisakho-Shatili, or the road connecting the high mountainous part of

Pirikita Khevsureti and Piraketa Khevsureti with the capital (Appendix 1; 1 page).
1.1.1. Thilisi-Pasanauri-Gudauri-Dariali-Larsi highway

The Thbilisi-Pasanauri-Gudauri-Dariali-Larsi highway is relatively well-maintained road
and stands out with heavy traffic. The historical-ethnographic region of the gorge depends on
it, otherwise it would lose its connection with the center of the region and the capital, as well as
with other regions. This road has the main traffic in the direction of the only Georgian-Russian
customs checkpoint, which leads to the transportation of products and transportation by road
from both countries, or from the neighboring Republic of Armenia. This road provides
connection of the population of the municipality with the other parts of the country. The road
is also important for the smooth movement of the numerous tourists (their number is
increasing) who have arrived in the region, as well as for the smooth operation of the winter
resort Gudauri and its famous ski track. The lane along the Georgian Military Road is very
active in terms of exodynamic processes. However, there are also distinguished particularly
high-risk areas, where their recurrence is more intense. Also, there are a number of areas where
traffic is often hampered due to hard meteorological conditions (heavy snow, avalanches,
storms, rains and hail).

Georgian Highway - [S3] (Mtskheta-Stepantsminda-Larsi) — is one of the main
international highways of Georgia, which starts near the city of Mtskheta and goes north to the
Russian border through the resort of Gudauri and the townlet of Stepantsminda [1].

The highway also includes the European Highway in the Caucasus, the E117, which
connects the southern part of Russia with Armenia through Georgia. The route starts near the
city of Mineralnye Vody in Russia, continues to Georgia, where it mainly coincides with the
Georgian Military Road, and then goes to the Iranian border through Yerevan, Armenia. The
length of the highway is 1,050 km. After the town of Mineralnye Vody, the highway crosses
the European Highway E50 to Beslan, in Thilisi it crosses the European Highway E60 and at the
end of the route, in the city of Meghri in the Republic of Armenia it joins the European
Highway E002.
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1.1.2. Thbilisi-Zhinvali-Barisakho-Shatili highway

The Thilisi-Zhinvali-Barisakho-Shatili road is also a means of communication connecting
the southern and northern slopes of the Caucasus. It is part of the Georgian Military Road to the
townlet of Zhinvali, and then goes in its north-northeastern direction, following the gorges of
the Rivers of Pshavi and then Khevsureti's Aragvi. The Tbilisi-Zhinvali-Barisakho-Shatili road
is the only one that connects the Arghuni and Andaki river valleys with other regions of
Georgia (except for a few pedestrian, tourist trails). The connection of Pirikita Khevsureti's
villages with the regions depends on it and it is closed for 7-7.5 months of the year due to heavy
snow. In early summer, movement is complicated by geodynamic processes caused by melting
snow and torrential rains. Although road rehabilitation works were carried out recently, the
malfunction of this road affects the connection with the border point of Georgia; also, this is the
only way to move in the direction of Shatili and Mutso. This road is also the only means of
transportation for shepherds and cattlemen in the spring and autumn, when sheep and cattle
are driven. Weakening the connection to the border point and reduction in number of
population increases the risk of their insecurity. Zhinvali — Barisakho — Shatili [Sh 26] is a road
of domestic importance, the total length of which is 106 km.

Mtskheta-Stepantsminda-Larsi highway and Zhinvali-Barisakho-Shatili highway goes to
4 different municipalities of the Mtskheta-Mtianeti region of Georgia, namely: Mtskheta,
Dusheti, Tineti (small part) and Kazbegi (large part) municipalities. In this regard, the physical-

geographical characteristics of the listed municipalities are discussed in the following section.

1.2. Physical-geographical description of municipalities
1.2.1. Mtskheta Municipality

Mtskheta Municipality is bordered by Sagarejo municipality on the east, by Kaspi
Municipality — on the west, by Dusheti and Tianeti municipalities — on the north, by Gardabani
and Tetritskaro municipalities and the city of Tbilisi — on the south [2].

The highest point of Mtskheta Municipality is the unnamed mountain in the Trialeti
Range, Didgori section, at an altitude of 1,782 m above sea level. The lowest point is the valley
of the Mtkvari River near Zahesi, at an altitude of 425 m above sea level. The northernmost
point of the municipality is the Saguramo-Ialno mountain in the west of Nakokhari, in the
north of Martkopi monastery complex, at 1,590 m above sea level. The southernmost point is
the Vere River gorge to the east of the Betania Monastery, at an altitude of 660 m above sea
level. The westernmost point is the northern branch of the Trialeti Range — the Koshkiskeli
Range, the watershed of the rivers of Nichbisistskali and Kavtura, to the southwest of the
village of Zemo Nichbisi, at 1,750 m above sea level. The easternmost point is the northern
branch of the Ialno Range, the watershed of the rivers of Tezami and Gorana, at an altitude of

1,590 m above sea level.
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The area of Mtskheta Municipality is 805 km?, the center of the municipality and the
Mtskheta-Mtianeti region is the city of Mtskheta. The territory of the municipality is mainly
low and medium mountainous, the altitude varies from 670-1,600 m above sea level. Despite its
small size, the territory of Mtskheta Municipality is distinguished by the diversity of natural
conditions. In the southern part of the area, a medium-height latitudinal Saguramo Range
intrudes, which is a western extension of the Ialno Range. Saguramo Range in its crestal part is
built of Pliocene conglomerates. And on the southern slope, the Upper Sarmatian clays and
limestone sandstones are developed. Saguramo Range with its extreme ends also intrudes into
the city of Tbilisi. Satskepela Range erected in the south-west of the municipality forms the
north-eastern branch of the Trialeti Range. The eastern end of the Satskepela Range is called
the Armazi Range, the height of which is up to 1,125 m. Between the rivers of Aragvi and Ksani
lies a hillock of Skhaltba, which is cuesta-like and distinguished by its high cliff, which is built
of Neogene conglomerates. The length of the Skhaltba Range is 12 km and the height is 1,091 m.
Also some parts of Mskhaldidi, Satibi and Sabaduri Ranges belong to Mtskheta Municipality.
One of the main morphological elements of the municipality is the Mukhrani-Saguramo plain,
which is a young tectonic depression in the Tertiary suites, the axis of which coincides with the
direction of the hollow. The bottom of the Mukhrani-Saguramo hollow is built of the
accumulation boulder-pebbles of the first terrace of the rivers of Aragvi and Ksani [1].

The Aragvi River crosses the municipality from the village of Misaktsieli to the city of
Mtskheta. In the upper and middle reaches Aragvi is a mountain river and after entering the
municipality it is a plain river. On the Mukhrani-Saguramo plain, the river splits, branches and
forms a rather wide floodplain; terraces are developed; it crosses the Skhaltba and Saguramo
Ranges at the confluence and flows into the Mtkvari River. The main tributaries of Aragvi are
Narekvavi (length 47 km) and Tezami (28 km) [2].

1.2.2. Dusheti Municipality

In the south Dusheti municipality is bordered by Mtskheta Municipality, in the west — by
Kaspi and Akhalgori Municipalities, in the north — by the Russian Federation and Kazbegi
Municipality, and in the east — by Akhmeta and Tianeti Municipalities. Dusheti Municipality is
the largest administrative unit of Mtskheta-Mtianeti region. The area of Dusheti Municipality is
2,981.5 km? [2].

The highest point of the Dusheti Municipality is the Mount Kidegana in the Kidgana
Range, at a height of 4,274 m above sea level. The lowest point is the Aragvi River valley, south
of the village of Choporti, at a height of 520 m above sea level. The northernmost point of the
municipality is a Mount Arjelomi in the Arjelomi Range, near the Georgian-Russian border, at a
height of 3,219 m above sea level. The southernmost point is the Aragvi River valley, northeast
of the village of Natakhtari in Mtskheta, at a height of 520 m above sea level. The westernmost

point is the Lomi-Alevi Range, in the Zemo Mleta Pass, 4 km northwest of the village of Zemo
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Mleta, at a height of 2,293 m above sea level. The easternmost point is the Mutso Range,
southwest of Mount Tebulo, on the Georgian-Russian border, at the place Kartolisi, at a height
of 4,270 m above sea level.

Most of the territory of Dusheti Municipality is of medium and high mountainous. There
are also a low mountainous areas in a small area, namely: Bazaleti plateau, Dusheti hollow and
Shida Kartli plain. Erosive, glacial and periglacial landforms are mainly dominated in the relief.
To the north of Dusheti Municipality the integral part of the Caucasus of Georgia — the Tusheti-
Khevsureti Caucasus and the Mtiuleti-Pshavi Caucasus are erected. The first of them is located
on the northern slope of the Caucasus, and the second — on the southern slope. The Khevsureti
and Atsunta Ranges are separated from the Tusheti-Khevsureti Caucasus within the
municipality. The Khevsureti Range is stretched between the Arghuni and Asa River gorges; it
has a northerly direction. There are peaks erected on its top: Malalebismaghali (4,007 m),
Makhismaghali (3,391 m) and Gomghismaghali (3,740 m). The Isartghle Pass (3,486 m), located
in the middle of the range, connects the communities of Arkhoti and Ardoti. Meridional
Atsunti Range is erected in the north-eastern part of Dusheti Municipality. The territory of the
municipality includes the western slope, where the peak of Pirchita (3,840 m) is erected.
Atsunta Range is built of Lower Jurassic shales [1].

The Alevi, Mtiuleti, Gudamakari and Kartli Ranges are separated from the Mtiuleti-
Pshavi Caucasus within the municipality. The Alevi Range is located in the western part of the
municipality, along the Akhalgori Municipality border. The range is characterized by gentle
relief with the exception of the Lortsomisklde massif, which is outside the Dusheti Municipality.
The Mtiuleti Range is separated from the main range at the Shirimi Peak, runs southeast and
ends north of the townlet of Pasanauri. The Gudamakari Range is separated from the main
range at the northern Chiukhi Peak. It has an almost meridional direction and extends at about
40 km from the main range of the Caucasus to the Zhinvali Reservoir. The main passes are the
passes of Pkhituri and Ukantba. Kartli Range enters the eastern part of the municipality. It is
the southern branch of the Mtiuleti-Pshavi Caucasus, which is part of the Eastern Caucasus. It is
separated from the main range at the Mount Didi Borbalo, heads to the south and ends at
Tskhvarichamia. Low mountainous Bazaleti Plateau (Plain) extends in the southern part of
Dusheti Municipality. It is stretched between the rivers of Aragvi and Narekvavi. The absolute
height of the plateau varies from 875 m to 950 m above sea level; it is divided into small rivers:
Sakramuloskhevi (Lazviantkhevi), Khanatkhevi and the river of Tinaskhevi. The Bazaleti
Plateau is composed of Quaternary conglomerates and pebblestones and sands [3].

The main river network is formed by four Aragvis (Mtiuleti-Gudamakari and Pshavi-
Khevsureti), the most important of which is Mtiuleti Aragvi. Mtiuleti Aragvi (length 41 km)
originates in the Keli volcanic highland, from the slopes of the Khorisari Peak, at the height of
3180 m above sea level. The river has a south-eastern direction up to townlet Pasanauri; this
rather long section is called Tetri Aragvi. Below Pasanauri it takes a southern direction, while at

Ananuri it again bends to the south-east and thus remains until the Zhinvali Reservoir. The
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main tributaries are: Amirtkhevi, Dgnaliskhevi, Arkala, Eretostskali, Chabarukhi (right);
Gvidake, Pshariskhevi, Chirikiskhevi, Khadistskali and Sonchoskhevi (left). It is worth to note
Arghuni and Asa, the rivers of the northern slope of the main ridge in Dusheti municipality.
Arghuni is a quite long (length 148 km) and watery river (basin area 3,390 km?); it is a
mountain river in the upper stream and a plain river — in the lower stream. The total length of
the Asa River is 133 km. Its upper section is called Arkhotistskali. Zhinvali Reservoir is built on

the Aragvi River with a mirror area of 11.5 km? and volume — 520 mln. m?3 [3].

1.2.3. Tianeti Municipality

In the northwest the Tianeti Municipality is bordered by Dusheti Municipality, in the east
— by Akhmeta Municipality, and in the south — by Mtskheta and Sagarejo Municipalities. Its
area is 906.3 km? [2].

The highest point of Tianeti municipality is the unnamed mountain on the Tianeti Range
section of the Kartli Range, at the height of 3,258 m above sea level. The lowest point is the Iori
River gorge, the confluence of the river of Vashliani with the south-west of the village of
Grdzelveli, at the height of 910 m above sea level. The northernmost point of the municipality
is the northern section of the Kartli Range, 4 km east of the Mount Tsokhi, at the height of
3,258 m above sea level. The southernmost point is the northern branch of the Ialno Range, the
watershed of the Tezami and Gorana Rivers, at the height of 1,590 m above sea level. The
westernmost point is the Adzedzi River basin, the Mount Bokoristsveri, at the height of 1,489 m
above sea level. The easternmost point is the Bungaltgora Range, the watershed of the Iori and
Alazani, at the height of 2,970 m above sea level.

The territory of the Tianeti Municipality is medium-high mountainous. A large part of the
territory is occupied by hills and foothills, and a small part — by lowlands. The erosion, old
glacial and water-cumulative landforms are mainly dominated here. To the west of the
municipality, mainly the eastern slopes of the medium mountainous Kartli Range area erected.
The most important of the passes is the Putkaruli Pass (2,300 m), which connects the Aragvi
and Iori valleys. The Kartli Range is more or less partitioned by gorges and ravines. Numerous
rivers originate from its slopes, including Adzedzi, Kusno, Khashrula, Doghliantkhevi,
Khinchebiskhevi, Tsirdaliskhevi, Charglula and others [1].

The erosive-meridional Kakheti medium mountainous range is erected to the east of
Tianeti Municipality. Within the municipality, from the Kakheti Range the Chiauri Range is
separated, which stretches between the rivers of Iori and Sagami. Mount Chiauri (2,018 m) is
erected on the Chiauri Range, which is located at the head of the river of Chiauristskali and is
characterized by a domed shape. The following rivers of flow from the Kakheti Range: Sagami,
Babkhiskhevi, Tsiskvilistskali (from the western slopes), Ilto and number of its right tributaries.
The Tianeti and Arts hollows are to be distinguished from the negative forms of the Tianeti

Municipality terrain. The Tianeti hollow is an extended part of the Iori gorge and is surrounded
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by the Kartli and Kakheti Ranges. The hollow is extended from 1,050 m above sea level (south)
to 1,150 m (north). The bottom of the Tianeti hollow is a cumulative plain; it is created by
tectonic processes. Like the Tianeti hollow, the Ertso hollow is a deep tectonic depression that
is irrigated by the Adzedzi River. The height of the hollow is 1,000-1,100 m above sea level.
The bottom of the Ertso hollow is an accumulative flat plain, which is built of clays, boulder-
pebbles and sands [4].

1.2.4. Kazbegi Municipality

Kazbegi Municipality is bordered by Dusheti Municipality to the southeast, Akhalgori
Municipality — to the south, Java Municipality — to the west, and the Russian Federation — to
the north. The area of the municipality is 1081.7 km?[5].

The highest point of Kazbegi municipality is the Mount Mkinvartsveri, 5,054 m above sea
level. The lowest point is the gorge of the Tergi River to the north of the Dariali Fortress, near
the Georgian-Russian state border, at a height of 1,220 m above sea level. The northernmost
point of the municipality is the Mount Kajani on the Khokhi Range, near the Georgian-Russian
border, at a height of 3,914 m above sea level. The southernmost point is the Lomis-Alevi Range
on the Zemo Mlet Pass, in 4 km northwest of the village of Zemo Mleta in Dusheti at a height
of 2,293 m above sea level. The westernmost point is the Mount Zilgakhokhi on the main range
of the Caucasus, at a height of 3,857 m above sea level. The easternmost point is on the main
range of the Caucasus, on the south of the Arkhotistavisghele Pass, in 1 km, at a height of 3,370
m above sea level.

The territory of Kazbegi Municipality is completely mountainous. Altitude varies from
1,700 m to 5,000 m above sea level. The terrain of the municipality is mostly rocky and hardly
to access. Erosive, volcanic and ancient glacial landforms are developed here. The main
orographic unit is the Caucasus of Khevi as well as the meridional ranges of Shani, Kuro and
Kidgani, from the lateral ranges — the Khokhi Range. The Caucasus of Khevi extends to the
northern slope of the main range of the Caucasus and it includes the upper reaches of the Tergi
River.

The most important of the passes is the Jvari Pass (2,379 m), through which the Georgian
Military Road passes. The Shani Range is the northern branch of the Eastern Caucasus. It is the
meridional watershed range of the Khdistskali and Armkha — right tributaries of the Tergi River.
Most part of the Shani Range is characterized by complex terrain, which is expressed in its
uneven profile. Most of the peaks here are hard to reach, steep sloped and rocky. The most
important for the Shani Range is the Shani massif, on which the most important peaks of the
range are erected. The highest peak is Shani (4,451 m). Other peaks are: Akaki Tsereteli Peak
(3,780 m), Ilia Chavchavadze Peak (3,800 m) and others. In 1953, one of the unnamed peaks of
the rnge was named after the city of Rustavi. Kuro Range is one of the constituent branches of

the northern range of the Caucasus, which separates the rivers of Tergi and Khde. The highest

103



point of the Kuro Range is Kurostsveri (4,091 m). Kidgani Range is separated from the northern
part of the Tusheti-Khevsureti Caucasus. It is separated from the main range at the
Sadzalisghele Pass; then it extends to the north and already within the Ingushetia it borders to a
375 km long rocky range. The following peaks are erected here: Kideganismaghali (4,275 m),
Vazha-Pshavela Peak (4,200 m), Gvelismta (3,970 m), Saamghosmaghali (3,884 m),
Tatelismaghali (3,755 m). Khokhi Range is the northern lateral range of the Caucasus. The
Truso Range connects it with the main range of the Caucasus, where the highest point of
eastern Georgia — Mkinvartsveri (5,054 m), characterized by strong glaciation, is located.

The most important of the passes is the Maili Pass (4,400 m), which is one of the highest
passes within Georgia. The most important of the Khokhi branch ranges is the Ortsvera Range,
on which the peak Shavnabada (3,683 m) is erected. In the east the Khokhi Range ends by the
Mkinvartsveri massif with quite many short branch ranges, including the most important ones
— Bartkorti and Archkorti. On the eastern slope of the massif the Mount Tkarsheti (3,360 m) is
located, which has a volcanic structure. A volcanic stream of the same name descends from the
mountain, which blocked the Tergi River gorge, then the river cut the stream and created the
Tkarsheti Canyon [5].

In Kazbegi Municipality, it is worth to note one of the sections of the Tergi River gorge —
Kasara or Kasriskhevi, which is characterized by a narrow rock-door shape. The erosive rock-
door of Kasara is formed as a result of an 8 km long lava flow coming from the Mount Lesser
Khorisari. Kasara extends for 2-3 km. Dariali gorge is an antecedent section of the Tergi gorge,
which is cut at a depth of 1,000 m. Upper Proterozoic and Paleozoic crystalline shales and
granitoids are outcropped in the Dariali gorge, while in the eastern part — Jurassic clay shales.
The Truso gorge is located between the main range of the Caucasus and Khokhi Ranges. The
length of the gorge is 25 km. Its lowest part is located at the height of 2,000 meters above sea

level. The Truso gorge is built of very folded layers of Jurassic shale-sandstones.
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CHAPTER 2
Morphological and geological conditions
2.1. Introduction

Kazbegi Municipality. Among the mountainous regions of Georgia, Kazbegi Municipality,
due to its geomorphological peculiarities, is distinguished by the most favorable land-
transportation geographical locations. Due to the large-scale development of the geological
disaster, the possibilities for optimal development of the area are extremely complicated. In the
geological structure of the municipality territory participate strongly dislocated and tectonically
intensively disturbed Jurassic clays and aspidic shales with limited alternation of sandstones,
Paleozoic granites and metamorphic shales, Quaternary age effusive andesite-basalts and their
clastolites, strong glacial and alluvial-fluvioglacial sediments.

Dusheti Municipality. The look of the modern terrain of the area is conditioned by the
tectonic-geological structure and morphostructural peculiarities, where all the morphological-
climatic zones are sharply defined — starting from the plain-terrace and hilly-low mountainous
ones, ending in the high mountainous alpine zone. Three-quarters of the area is mountainous,
the terrain of which is characterized by steep slope, deep erosive cut (300-1,000 m and more)
and intensive fragmentation (3.5-5 km?), and belongs to a range of high energetic potential,
which identifies geological processes.

Tianeti Municipality. The territory of Tianeti Municipality occupies the middle and high
mountainous mountain-gorge zone of the southern slope of the Eastern Caucasus and the
foothill zone of low mountainous lori complicated by tectonic and erosive forms. It is bordered
on the west by the submeridional and sublateral Kartli Range of the rivers of Aragvi and lori,
the heights of which range from 1,500-3,076 m above sea level. The territory of Tianeti is
completely located in the upper and middle reaches of the Iori River basin, which flows to the
southeast, from headwater to the Kvemo Artana Village, and then heads south and descends to
1,080 m above sea level in the Tianeti hollow.

Mtskheta Municipality. The territory of the municipality is located in the plain-terrace
and hilly terrain zone of Zemo Kartli, with a semi-continental moderately warm climate, forest
and significantly modified landscape. Territorially important area is occupied by the plain-
terrace terrain of Mukhrani-Saguramo, which is a young tectonic depression, filled with Upper
Pliocene and Quaternary alluvion. The height of the plain surface varies between 500-600 m
above sea level and is crossed by the downstreams of the rivers of Ksani and Aragvi. Near the
Dzegvi Village, the Mtkvari River flows through the so-called Dzegvi’s Kldekari, which is cut at
the interaction of the Kvernaki Hill and the Satskepela Range. Continuation of Dzegvi’s

Kldekari below Mtskheta is a crossing narrow gorge, which heads to Zemo Avchala. The
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expansion of the Mtkvari River gorge near the city of Mtskheta is stipulated by joining the
Aragvi River gorge.

According to the map of tectonic division of Georgia [1], the study area includes: I:> —
eastern subsidence (folded-fanlike) sub-zone of the I1 — main range zone of the I — Caucasus
folded (folded-nappe) system; I — Kazbegi-Lagodekhi (folded-scalelike) zone; I3 — Mestia-
Tianeti (folded — nappe) zone; I3! — Shovi-Pasanauri (folded- scalelike) zone; I3? — Zhinvali-
Gombori (allocthonous) subzone; IT — Transcaucasian intermontane area; and IIs' — Bazaleti and
Mukhrani-Tiripona blocks of Kartli molasse subzone (Appendix 2; 1 page).

Sediments from the Jurassic to modern Quaternary rocks are represented within the study

area (Appendix 3; 3 pages).

2.2. Jurassic system

2.2.1. Lower Jurassic sediments

Sinemurian stage (Jis) (Kistinka suite). The Kistinka suite is composed of aspidic, sandy,
andalusite-chiastolitic shales, fine and medium-grained quartz and quartz-plagioclase
sandstones, their weakly quartz analogues and quartzites, quartz gravellites and sandstones,
intraformation and basal conglomerates. Volcanic material is represented by spilite effusives,
pyroclastic fragments of various sizes and subvolcanic nested bodies of uralite-labrador diabases.
In the Dariali gorge, weakly metamorphic sediments of the Kistinka suite are in contact with
the ledge of the basis of granitoids from almost all sides. In the lower reaches of the Khde River
(Brolis Tskali) stream and on the left slope of the Devdoraki (Amali) River, isolated fragments of
metamorphic shales, chloritizated quartzites and phyllites are observed containing lenses of
white colored marbleized limestones, that makes us suppose that these fragments must have
been the Pre-Jurassic sedimentary cover. Sedimentary rocks are represented by alternation of
gray quartz sandstones, graphitized shales with hornblende and shaled quartzites, with
interlayers of shaled aleurolites and small lenses of quartz gravelites [2].

Pliensbachian stage (Jip) (Tsiklauri suite). The Pliensbachian age sediments construct the
high mountainous part of the northern slope of the main range of the Caucasus, which covers
the heights of Kazbegi, Bachakhi, Kuro, Shani and Kora, and is represented by shale-
volcanogenic formations of the Tsiklauri suite. The mentioned sediments are more or less
widespread in the upper reaches of the gorges of the rivers of Tergi, Khde (Brolis Tskali),
Shondoni and Asa. From the south, these sediments are bordered by regional tectonic disorders
of the overthrust type, which are characterized by an arched form inclined to the south, and
from the north, Toarcian formations are laid out on these sediments in agreament, which
stretch in the form of a strip near the Mount Chachkhokhi, Okhkuri Range and Mount
Tekhkorti.

To the south, in the Pliensbachian sediments, the Toarcian formations are found only in

the center of the synclines, west of the Shani and Zetuki Mountains. The width of the
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Pliensbachian sediments in the central part reaches 16 km. The Pliensbachian age sediments
belong to the anticlinorium of the large geotectonic zone of the Greater Caucasus in structural
section, which are distinguished by a complex internal structure, that is caused by multiple
deformation of the sediments [2].

The Pliensbachian age sandstone-shale-volcangenic sediments are washed on the surface
and are represented by the linear asymmetric compressed folds characterized by south-inclined
axes of narrowed fold and broad limbs. Their width 1-6 km and their length reaches up to 18
km. Folded structures are very different from the folds common in the Caucasus, which are
expressed in the structures distributed between the Tergi and Tanie Rivers, where they alter
rapidly from the characteristic direction of the Caucasus to south-west and then again go to the
north-western direction, which is expressed by their transverse flexural curvature, which is
represented by first-order folds complicated by second- and third-order folds. The mentioned
structures are rugged by numerous falts and disorders of various genesis, and cleavages are
common along the axes of the structures, with which numerous dikes of diabases are associated.
Lithological section of Pliensbachian age sediments in the Tergi River basin is expressed on the
southern limb of the anticlinorium of the main range [2].

Toarcian stage (Ji:) (Kazbegi suite). Within the study area, Toarcian stage sediments are
located in the northern part between two regional faults of faulting-overthrust nature and
include the lower part of the Lower and Middle Jurassic clay-slates of the Kazbegi-Lagodekhi
zone. The strip of these sediments extends to the territory of Khevsureti up to 15-17 kilometers,
and in the west, to the south of Stepantsminda becomes narrow to the the village of Khevi and
does not exceed 6-7 km. Both slopes of Khevsureti’s Aragvi are built with the sediments of the
same age as well as the Snostskali River, upper reaches of the rivers of Tsirtslovanistskali and
Tskarostavi, and the area between the villages Gergeti an Sno in the Tergi River gorge. The
center of the synclinal folds in the area of the Mount Shani and Sajikhvisghele Pass is built with
the same sediments, as well as the anticlinal arches developed in the upper reaches of the rivers
of Likiki and Akushostskali.

In the northern part of the study area, between the rivers of Asa and Shandoni, the
sediments of above mentioned age are the builing rocks of the northern slope of the range
presented here. In the south, these sediments are often covered with Aalenian age formations,
due to which the outputs of these sediments are recorded in the deep-cut gorges of the rivers
(Artkhmostskali, Kvenamtistskali, etc.) [2].

On the main range of the Caucasus, within the Arkhoti Pass, faunistic dated sediments of
the Aalenian stage emerge in the heart of synclinal folds, the limbs of which are represented by
Upper Toarcian age sandstone-shale sediments. A similar section is observed in the vicinity of
Chaukhi, with the difference that here both sides of the fold limbs are built by sediments of the
Kazbegi suite, which are cut by regional fault. In the Khevsureti’s Aragvi River basin, G.
Chikhradze [3] has allocated similar sediments of Kazbegi suite as "Khakhmati suite"; the

lithological composition of this suite completely coincides with the Kazbegi suite. In addition,
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in the direction these sediments are a direct continuation of each other. The joint capacity of
clay-slates and sandstones of Kazbegi suite is 1,300-1,400 meters, which is divided into two sub-
suites by lithological diversity: one, which, by itself, is represented by clay-slates; and another,
which is represented by alternation of clay-slates and sandstones [2].

The lower boundary of the suite, along with the sediments of the Upper Pliensbachian
stage, streatches along a large part of the faulting-overthrust type regional fault, which is
characterized by an curve shape on the southern slope of the range in the Kazbegi and Kolotana
sections. In the northern part of the study area, the formations of the Tsiklauri suite are
gradually transferred to the sediments of the Kazbegi suite. In the Khevsureti Aragvi basin the
rivers of Snostskali, Artkhmostskali, Kvenamtistskali and others, which cover the Kazbegi-
Lagodekhi zone, are represented by clay-shale and sandstone formations. Contact of
Pliensbachian stage sediments with underlying sediments is not observed. The lithological
composition of the sediments of the lower horizons of the Kazbegi suite is almost not

lithologically different from the upper part of the Tsiklauri suite [2].

2.2.2. Middle Jurassic sediments

Outlets of the sediments of the Aalenian stage (J2.) are outcropped at the confluence of the
rivers of Aragvi and Arkala, as well as in the confluence of the Aleura River in the Ksani River
basin, where they build the heart of anticlinal folds and are represented by dark gray and black
clay-shales containing the thin interlayers of the sandstones with quarz and mica. Sandstones
with quartz-mica are outcropped on the both limbs of these folds, containing the thin
interlayers of clay-shales. In the ascending section, outcrop of porphyritic suite is observed in
the south, which is a direct continuation of the Aalenian sediments. On the northern limbs of
the folds, the Upper Eocene formations sediments are transgressively deposited on the Sori suite
sediments. The sediments of the Sori suite are stretched continuously from the Ksani River
gorge to the east to the Aragvi River gorge. In the south these outcrops are bordered by the
overthrust, wherethe sediments of the Sori suite are overthrush on different horizons of
Paleogene and Neogene age sediments. In the gorges of the rivers of Ksani, Bunala and
Narekvavi, in the ascending section in the northern direction, the sandy-clay-shale suite is
gradually covered by the Bajocian porphyritic suite, while in the east it is gradually wedges
under the transgressive Upper Eocene sediments, which are stretched directly over the Sori
suite east of the Narekvavi River. Sandstone-clay-shale sediments are divided into two parts by
lithological composition. The lower part is mainly represented by gray, dark gray, greenish gray
and brownish clay-shales and contains interlayered flagstone. Their thickness is 180-200 meters.
The upper part of the suite is represented by thick-layered quartz-arcose sandstones containing
interlayers of clay-shales. The sandstones are gray and light gray, dense, thin and medium-

grained; they consists of quartz, microcline, acid plagioclase grains and muscovite and biotite
flakes [2].
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To the west, on the territory of Khevsureti, two packs correspond to the Aalenian stage:
the lower pack, which was identified as Khakhmati by G. Chikhradze and Z. Kokrashvili [4] .
Medium and thick-layered fine and medium-grained quartz-plagioclase sandstones dominate in
this suite. Some of them contain small fragments of clay-shales and flysch figures. Sandstones
have an oblique-layered texture and thus differ from ordinary sandstones. Clay-shales occupy a
modest place, found in the form of separate packs or interlayers. In these sediments, the
presence of concretions formed from hardened clay is observed, which are often filled with fine
crystals of pyrite and siderite.

The sediments of the upper pack located to the south are considered to be Gudani suite. It
is represented by clay-shales, often- aleurolithic shales, which contain interlayers of thin-
layered and striped sandstones and concretions of various sizes and shapes of clayey siderites.
The totat hickness of these sediments does not exceed 500 meters.

A fossil form has been found among the clay-shales on the Datvisjvari Pass, where the
layers of medium and thick-layered sandstones are observed. This Early Aalenian form is also
found to the north of the main ridge of the Caucasus, in the heart of synclinal structures at the
tributary of the Arghuni and Gulichala Rivers, which are represented by clay-shales.

Bajocian stage (Jav) (porphyritic suite). Volcanogenic suite exteds to the east from the Ksani
River gorge to the Jvarisubani village. Its maximum thickness is 500-600 meters. According to
the researchers, on the southern limb of the fold, the Bajocian starts with tuff lavas of spilites
followed by augit-labradorite porphyries and end with quartz-arcose sandstones. According to
the data of E. Gamkrelidze [5], quartz-arcose sandstones do not differ from the Sori suite
sandstones. These sandstones build the heart of the synclinal fold, the southern limb of which is
cut by the fault and the sandstones are overthrust on augit-labradorite porphyries.

Bathonian stage (Jo) (Sheverdeni suite). In the study area, the Shevardeni suite is
consistently stretched over the Bursachiri suite. It stretches on the limbs of anticlines sloped
southward along the Truso-Tibi fault. The outrops of this stage areobserved in the Tergi River
gorge, in the vicinity of Kobi Village, in the right tributary of the Tergi River and in the basins
of the gorges of the Bakurkhevi and Shavi Aragvi Rivers. The suite is represented by the packs
of dark-gray clay-shales containing dark gray sandstones and interlayers of sandy limestones.

The visible thickness of the suite is 250-300 meters, but it is may be more. Identifiation of
its true capacity is impossible due to the powerful regional overthrust of Truso-Tibi in the
region; the mentioed sediments in the fault zone is overthrust on the carbonate flysch of the
Upper Jurassic age. The lithological composition of the Shevardeni suite can be conventionally
divided into two parts: the lower — the packs of dark gray and black slates, which contain rare
interlayers and lenses of black argillites, in addition, in single packs the interlayers of medium
and thin-layered sandstones are observed, and the upper — carbonate part represented by dark

clay-shales and contains the interlayers ad lenses of carbonate sandstones and sandy limestones

[2].
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2.2.3. Middle and Upper Jurassic sediments

Within the study area, carbonate flysch sediments are widespread on the southern slope
of the Greater Caucasus, covering the northern half of the Shovi-Pasanauri subzone
(Gudamakari) in the Mestia-Tianeti zone and continuing as a strong geological pack in the
Lower and Middle Jurassic sandstone-clay-shale suite of the Kazbegi-Lagodekhi zone [2].

Callovian stage and lower substage of Oxfordian stage (J2k-J3O1) (Narovani suite). Sediments
of this stage are presented in the form of geological packs in the arches of anticlinal folds of the
northwestern distribution in the gorges of the rivers of Datviskhevi, Sachalischala and Narovani
along the Tibi-Truso regional fault in the area between the rivers of Tergi and Bakurkhevi.
These sediments appear in the form of a narrow strip on the surface within the study area and
their length does not exceed 300-400 meters. By lithological composition, these sediments are
represented by weakly carbonate clay-slates and contain limestone interlayers. Sandstones are
weakly carbonate in some cases; they are mixed with thin interlayers of dark gray, weakly
carbonate clay-slates. The estimated capacity of the Narovani suite is 280-300 m [6].

Upper substage of the Oxfordian stage (J302) (Kasara suite). The Narovani suite in the
ascending section is replaced with agreement with the alternation of dark-colored marls and
geological packs of marl shales, which contain interlayers of limestones. The outcrops of these
rocks in the territory of the Gudamakari subzone are spread along the gorges of the rivers of
Artkhmostskali and Khadistskali, while they are building rocks of the large anticlinal fold
arches and limbs on the right slope of the Datviskhevi River. The complete section of the
mentioned suite is especially vivid in the Bakurkhevi River gorge. The sediments of the Kasara
suite is strongly dislocated, due to which it occupies a large area in the river basins described
above, where the single strip width reaches 3.5-4 km. The mentioned suite is mainly dark gray
and black in color and is represented by medium and thick layered slaty marls and a relatively
small number of carbonate clay-shales, the thickness of which reaches several meters. Thin
inter-layers of greenish dark gray slaty pellitomorphic sandy limestones and carbonate
sandstones are in rhythmic alternation in these geological packs. In the ascending section, it is
obvious that the slaty limestones alternate with the slaty marl at the lower part of the section,
while the slaty and sandy limestones at the top are equal to the number of marl, carbonate and
non-carbonate clay-shales [6].

Kimmeridgian stage (Jskm) (Dumatskho suite). The massive limestones within the study
area, their breccias and conglomerates containing marl interlayers, are known as the
Dumatskho suite. The limbs of large synclinal folds of Katsalkhevi and Vankhevi and arches of
the anticline structures of the same name are built with these sediments. In addition, the
sediments of the Dumatskho suite in the crestal parts of the Gudamakari and Ubistavi mountain
ranges build the heart of the synclinal folds, while in the upper reaches of the Miliona River
and the Khadistskali River gorges, a narrow 250-300 m wide strip runs parallel to the Kasara

suite. The Dumatskho suite sediments are very thily folded and cover a significant part of the
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Gudamakari subzone, where relatively good outcrops are observed on the surface in the
Bakurkhevi River and Pshavi's Aragvi River gorges [2].

Tithonian stage (Jst) (Tsipori suite). The Tsiphori suite sediments on the watershed ranges
are the heart-forming rocks of the synclinal folds represented in more or less fully form on the
watersheds of the Mount Saorbe and Artkhmostskali and Khadistskali Rivers, in the hearts of
the Vankhevi and Katsalkhevi synclines.

The metioned suite is represented by homogeneous, mostly even-layered dark gray
limestones and rarely, by dark gray shaled marls. In the same sediments limestones are
sometimes sandy, and marls are turned into clay-shales. In the lower part of the suite, the
interlayers of turned-in-breccias limestones and deposites of sandy limestone packs containing

organic substances are observed. The total thickness of the suite is up to 300-350 meters [2].

2.3. Cretaceous system

2.3.1. Lower Cretaceous sediments

Berriasian stage (Kib) (Mleta suite). South of the Dumatskho suite, within the study area,
along the transverse tectonic disturbance, almost black slaty marls, packs of marl shales, and
layers of dense sandy limestones are common. The bedrock outcrops are stretched on the left
slope of the Katsalkhevi River, in thegorges of its left tributaries and in the Lutkhubi gorge.
Researchers call this group as black marl suite. The lower part of the suite is cut by the Chiriki
overthrust, and its incomplete thickness is 260 meters. The lower part of the Mleta suite is
characterized by medium and thick layered clay marls, which in the upper part are transformed
into clays. Thin and medium-grained gray carbonate sandstones and sandy limestones are found
in relatively small quantities in the suite. And 4.5-30 cm thick layers of clayey limestones are
rare [2].

Valanginian stage (Kiv) (Edisi suite). The sediments of the Edisi suite within the study
area are consistently located on the formations of the underlying Mleta suite. The metioned
suite, according to its stratigraphic level, is the lower part of the light colored marl suite. The
Edisi suite is represented by lithologically homogeneous gray, sandy and clayey limestones with
mixed marl and rarely sandstone interlayers. The sediments of the Edisi suite within the study
area sharply differ from other sediments and do not undergo facial changes in direction. These
sediments are not widespread in the above-mentioned area. Their isolated outcrops are
observed only on the right slope of the Katsalkhevi River, in the Lutkhubi River gorge and on
the ridge of Gudamakari range south of the Mount Saorbe, where they are the heart-forming
rocks of the anticlinal structures. The Edisi suite in the direction joins the lower part of the
Valananginian-Hauterivian light colored marl suite, which is singled out in the Didi Liakhvi
River basin and corresponds to its stratigraphic level too. The metioned sediments are
consistently and gradually transformed into the carbonate-terrigenous flysch sediments in the

upper part of the section [2].
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Lower substage of Hauterivian stage (Kihi) (Bakhani and Zhamuri suites). The Bakhani
suite is widely stretched in the study area. These rocks, which are gathered in numerous small
folds are represented in the form of a wide strip in the upper part of the rivers of Magatsalkhevi
and Gometsrula, in the vicinities of the villages of Migriaulta and Dikhcho, on the Sakharno
range, Dikhchamta and Satskhare gorges. It is represented by terrigenous-carbonate sediments
and significantly differs from the Upper Jurassic and Lower Cretaceous carbonate sediments by
lithological composition. Although in some cases the rocks of the Bakhani suite and underlying
Mleta suite rocks are almost homogeneous; an excess of clayey-sandy terrigenous material has
been observed in the Bakhani suite. The metioned sediments are composed of gray and dark
gray slaty marls, marl clays, rarely- clay-shales, quartz-plagioclase and quartz-mica carbonate
sandstones and clayey-sandy limestones. The thickness of the suite ranges from 260 meters to
355 meters [2].

Sediments of the Zhamuri suite is stretched from the Didi Liakhvi River basin to the Iori
River gorge, which were singled out as a transitional suite between terrigenous and carbonate
flysches. The suite lithologically is represented by dark gray and black clay-shales and marl
shales, which contains the interlayers of gray fine-grained, carbonate, and quartzite-like
sandstones. The interlayers of marls are found very rarely and only found in the lower part of
the suite. The thikess of the suite varies from 65 meters to 85 meters [2].

Upper substage of the Hauterivian stage and Barremian stage (Kih2-br) (Pasanauri suite).
The Zhamuri suite is gradually replaced by the alternation of dark gray clay-shales and gray
quartzy sandstones. The thickess of the suite reaches 500 meters. These sediments were
distinguished by V.Rengarten [7] at the townlet of Pasanauri with the name of Pasanauri suite,
where they participate in the construction of synclinal folds. In the last century, a number of
scholars divided the Pasanauri suite into two parts. The lower part was represented by the
alternation of carbonate sandstones and marl rocks, which contained the interlayers of non-
carbonate clay-shales, while the upper part was represented by the alternation of non-
carbonate sandstones and clay-shales. Later, researchers divided the series into three subsuites
[2].

Aptian stage (Kia) (Dgnali suite). In the study area, the Dgnali suite consistently stretches
over the Pasanauri suite, which is composed of synclinal fold-building sediments. The
sediments of the Dgnali suite are mainly represented by alternation of clay-shales and
sandstones, where the number of clay-shales exeeds that of sandstones. In spite of this,
sandstones in these sediments are still considered as guide sediments. The flysch figures in the
sandstone bed are well defined compared to the sandstones of the Pasanauri suite. Within the
study area, the thickness of the suite is 450-550 meters, and in some areas it is reduced to 200-
250 meters [2].

Albian stage (Kial) (Navtiskhevi or Pavleuri suite). The Navtiskhevi suite follows the
distribution area of the Dgnali suite almost everywhere and participates in the structure of all

folds, where thesediments of the Dgnali suite is common. The suite is represented by colored
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(green, brown and gray) clay-marl shales and argillites, containing the interlayers of light gray
different sized carbonate sandstones and sometimes fine-fragmented conglomerate-breccias. For
the first time these sediments was singled out by V.Rengarten [7] on the Georgian Military
Road at the village of Pavleuri and is therefore known as the Pavleuri suite, while N.Vasoevich
[8] singled out a similar suite with the name of Navtiskhevi suite in the mountainous Kakheti.
In the Shovi-Pasanauri sub-zone, the sediments of the Navtiskhevi suite are represented by
terrigenous-carbonate colored formations and are relatively fine-grained than in the Zhinvali-

Gombori sub-zone [2].

2.3.2. Upper Cretaceous sediments

Lower substage of the Cenomanian stage (K1) (Ukughmartis). The Ukughmarti suite
within the study area is easy to distinguish from other suites. It is mainly composed of thick and
medium-layered sandstones, which alternate with argillites, marls and clays. The suite sharply
differs from the underlying Navtiskhevi colored layers, as well as from the Ananuri suite
located above, which are built of flint and flinty rocks. In the Mtiuleti subzone, the Ukughmarti
suite is extended consistently over the Navtiskhevi suite. In this part, it is difficult to separate
the suites from each other, because the rocks of the Navtiskhevi suite often lose their
characteristic color. In this case, the boundary between them is drawn as soon as the first thick-
layered and coarse-grained sandstones appear, in the beds of which the flysch figures
characteristic of Dgnali and Navtiskhevi sandstones are not well expressed. In the Arghuni-
Zhinvali subzone, the Ukughmarti suite is represented by coarse facies. The suite begins with
conglomerates or conglomerate-breccias; sometimes boulder-breccias are found. In the Aragvi
River basin, near the townlet of Ananuri, in the Ukughmarti suite, there are interlayers of
conglomerate packs and gravelites [2].

Upper substage of the Cenomnian stage and lower substage of the Turonian stage (Kzs2-t1)
(Ananuri suite). Within the study area, the Ananuri suite follows the Ukughmarti suite
everywhere consistently and is outcropped in one and the same places. The upper and lower
parts of the Ananuri suite are represented by flinty rocks, while in the middle part dominate
black flints or flinty rocks. In the Mtiuleti subzone, the thickness of the suite ranges from 8-9
meters to 15-20 meters. The lower pack of the suite is represented by flinty marls and argillites
containing the sandstone interlayers. There are also found the interlayers of black and blue
colored flints. The middle pack is composed of black flints, where the interlayers of blue-gray
striped flints and interlyers of black flinty shales are mixed. The upper pack is composed of
flinty, weakly carbonate marls, sandstones and shales. In the upper part of the pack, there is an
alternation of flinty marls and white flinty pelitic limestones, in which the clay-shale
interlayers are also mixed [2].

Upper sub-stage of the Turonian stage (Kat2) (Margalitisklde suite). The Margalitisklde suite

is easily distinguishable from other series by its red color. In most cases the Margalitisklde suite
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is stretched consistently over the upper part of the Ananuri suite. Only in single areas,
especially, in the lower facial area, there is a transgressive layout of the suite. In the Mtiuleti
subzone, the suite is brownish-red in color, rarely represented by the rhythmic alternation of
greenish-gray granular limestones, pelitomorphic limestones, marls and shales. In the Arghuni-
Zhinvali subzone, the sediments of the Margalitisklde suite are represented by the alternation
of brownish-red and pinkish limestones, marls and shales. Unlike the northern subzone,
sandstones, micro-conglomerates and conglomerates play a major role in the structure of the
suite. It should also be noted that in some places, interlayers of red flints and tuffogenic rocks
are also observed [6].

Coniacian and Santonian stage (K2kn-St) (Eshmaiskhevi suite). In the study area the
Eshmaiskhevi suite is divided into two parts by the researchers. The lower part is represented
by the alternation of limestones, marls and shales, which are often characterized by
lithographic limestones. The limestones are medium and thick-layered, whitish-gray with a
greenish tinge, dense, and characterized by a shell-like cutting, with a carbonate content of 90-
95%. Marls are relatively soft, mostly medium and thin-layered. The clays are greenish gray, in
some cases — schistose; they are thin-layered everywhere. In the south of Arghuni-Zhinvali
subzone, the sediments of Eshmakiskhevi suite are outcropped only in single places. According
to the previous studies, the mentioned sediments in the neighborhood of the Aleura River
basin and Mount Sameba are the heart-forming rocks of small synclinal folds. Here they are
stretched consistently on the sediments of Margalitisklde suite, which are represented by the
rhythmic alternation of lithographic limestones, marls and shales. Sandstones are also observed
here. Sandstones in some places are transferred into thick-grained sandstones and micro-
conglomerates. The thickness of the suite does not exceed 30-40 meters [6].

Campainian stage (Kokm) (Tsitliani and Jorcho suites). The mentioned sediments
lithologically sharply differ from Eshmakiskhevi sediments. Sediments of the Campanian age is
represented by the alternation of medium-layered sandy limestones, brownish-red, violet,
greenish-gray marls and marl shales. Campainian age limestones are relatively soft and sandy
than the Eshmakiskhevi suite limestones; they often are brownish-red in color. These

sediments are well outcropped on the Georgian Military Road near the village of Tsitliani [2].

2.3.3. Upper Cretaceous and Lower Paleogene sediments (K2-E1)

Maastrichtian stage and Danian stage (K2m-Eid) (suite of orbitoids and Kvetera suite). In
the last century, V. Rengarten [7] dated the suite of orbitoids on the Georgian Military Road as
Maastrichtian age. Later, N. Vasoevich [8] distinguished the suite of orbitoid as an individual
suite on the Kakheti range and in the territory of Samachablo. In the Alevi-Zhinvali sub-zone,
the sediments of Danian stage are observed only in the neighborhod of Arkala River gorge and
Zhinvali townlet. In the vicinity of Zhinvali townlet, Danian age sediments are represented by

the alternation of dark gray argillites and marls, which contain interlayers and lenses of black
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flints. Fine-fragmented breccias and conglomerates are observed in the upper part of the suite.
The thickness of the suit here is 50-60 meters [2].

2.4. Paleogene system

Within the study area, the Paleogene sediments are represented by flysch sediments in
the Tianeti-Sadzeguri and Arghuni-Zhinvali subzones, which are primarily bedrocks of large
synclinal structures. These sediments are divided by researchers into Shakhvetila (Paleocene
and Lower Eocene), Kvakveri (Middle Eocene) and Ildokani (Upper Eocene) suites. In the
Arghuni-Zhinvali subzone, only Upper Eocene sediments are found, which are represented by
coarse flysch. In the south, the outcrops of the Middle and Upper Eocene sediments are also
observed within the Ksani-Arkala subzone. These sediments are transgressively stretched over
the Middle Jurassic formations and are covered with Oligocene-Lower Miocene (Maikop suite)

sediments from above.

2.4.1. Paleocene and Lower Eocene sediments (Ei-Ei?) (Shakhvetila suite)

The Shakhvetila suite is represented by alternation of dark gray and greenish thin and
medium-grained sandstones, sandy limestones, clay-shales, and marl clays, in which interlayers
of sandy limestones are observed. The sediments of the Shakhvetila suite between the rivers of
Aragvi and Ksani are well expressed on the both limbs of the Sadzeguri syncline. To the east, on
the left slope of the Aragvi River, there are bedrocks of the southern limb of the syncline, while
the northern limb of the fold is cut by the Pavleuri overthrust. The mentioned sediments from
the village of Avenisi to the east participates in the formation of several folds. The Shakhvetila
suite begins with conglomerates built of theh cobblestones of reef limestones, sandstones, rarely
porphyrites and the Cretaceous age flysch sediments, red and lithographic limestones, black
flints and other rocks. In the Sakanapiskhevi River gorge, the Shakhvetila suite is
transgressively stretched over the Sabue suite by the basal base conglomerates. The thickness of
the conglomerates here is 4-5 meters. The total thickness of the Shakhvetila suite is 200-215

meters [2].
2.4.2. Middle Eocene sediments (E2?) (Kvakveri suite)

The limbs of the syncline structures of Sadzeguri, Doloshi and Shashukaantkari are built
of Kvakveri suite sediments within the study area. The suite is represented by alternation of
dark gray and greenish-gray marls, clay shales and sandstones. The Middle Eocene sediments
are outcropped in the upper reaches of the right tributaries of the Aragvi River in the vicinity of
Zhinvali townlet. There, along the basal conglomerates, sandstones and sandy limestones are
transgressively deposited on the Sori suite, containing numerous fossil forms of large numulites.

The thickness of the Middle Eocene sediments in the section does not exceed 20 meters [2].
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2.4.3. Upper Eocene sediments (E23).

The Upper Eocene sediments within the study area undergo drastic facial changes
compared to the Cretaceous and Lower Paleogene sediments. In the Tianeti-Sadzeguri subzone,
the Upper Eocene is represented by typical flysch sediments, which are the heart-forming rocks
of almost all large syncline structures. In the Arghuni-Zhinvali subzone, the Upper Eocene is
represented by coarse flysch sediments and conglomerates. In the Ksani-Arkala subzone, the
Upper Eocene is represented by sandstone-clay sediments.

Upper Eocene sediments of the Sadzeguri-Tianeti subzone (E2%) (Ildokani suite). In the
mentioned sub-zone, the Ildokani suite is represented by the alternations of marls, shale clays
and sandstones. The clays and marls are dark gray, sometimes black, and bituminized. The
sandstones are mainly carbonate, the presence of flysch figures in the bed is observed. The suite
almost everywhere begins with conglomerates built of the cobblestones of porphyrites, quartz-
arcose sandstones, reef limestones, black limestones and other rocks. The thickness of the suite
ranges from a few tens of meters to 250-300 meters. The Ildokani suite is transgressively
deposited on the different horizons of the Middle Eocene sediments [2].

Upper Eocene sediments of the Arghuni-Zhinvali subzone (E2) (coarse flysch). In the
northern part of the Arghuni-Zhinvali subzone, coarse flysch sediments are observed in the
gorge of the Didi Jakha River, where the layers of boulder-breccias are distributed
inconsistently on the Cretaceous flysch sediments, which are mainly composed of the rocks of
Baocian porphyritic suite, where the diameter of each rock reaches 10 — 12 meters. The
boulder-breccias also include the boulders of Upper Jurassic age reef limestones and sandstones,
Cretaceous flysch red limestones, lithographic limestones, black flints, micro conglomerates
containing orbitoid fauna, and others. The thickness of boulder-breccias is 150 meters. In the
south, where the flysch sediments are frontally distributed, the Upper Eocene coarse flysch

follows as an almost continuous strip from the Ksani River to the east to the Aragvi River basin

[6].
2.4.4. Upper Eocene and Oligocene sediments (E23-Es) (Kinti suite)

Sediments of Kinti suite are outcropped near the Tbilisi-Tianeti highway in the south of
the Chekuraantgori Village and north of the Ertso plain. Here these sediments are extended
with sharp angular inconsistency in the Lower Cretaceous Aptian-Albian and Upper
Cretaceous-Cenomanian suites, where the basal conglomerates are built of well-processed
cobbelstones of porphyrites, sandstones, granites, and other rocks. In addition to sandstones and
clays, marl lens interlayers participate in the structure of the suite. Septaria of dense fine-
grained carbonate sandstones are found rarely.

Upper Eocene and Oligocene sediments of Ksani-Arkala (E23-Es). In the Ksani-Arkala sub-

zone, the sandstone-clay sediments that extend in a continuous strip from the Ksani River basin
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to the Aragvi River basin are mainly Aalenian and Bajocian, while in the east they are
transgressively located on the Middle Eocene limestones. Upper Eocene sediments start with
conglomerates almost everywhere. The conglomerates are built of well-processed cobblestones
of quartz-arcose sandstones, porphyries and tuffs. Cobbletones of reef limestones, granites and
other crystalline rocks are also found. They are followed from above by alternation of thin and
medium-layered sandstones and clays with the interlayers of marls and limestones. Interlayers
of micro-conglomerates and, rarely, small and medium-grained conglomerates are common.

The thickness of the Upper Eocene coarse flysch sediments is 2,500 m [2].

2.4.5. Oligocene and Lower Miocene sediments (E3-Ni') (Maikop suite)

The sediments of the Maikop suite within the study area are rocks that build several
syncline structures in the Ksani-Arkala tectonic window. In the eastern sinking zone of the
Georgian Block, along the Orkhevi ovethrust; their outcrops on the surface are intermittent due
to complex tectonic disturbances. Powerful landslide bodies are often developed in the area of
distribution of the Maikop suite, which prevents to compilation of a complete section of the
suite and identification of real thickness. Most researchers divide the Maikop suite into two
parts: lower — with sandstones and upper — with clays. According to them, the sandstone suite is
considered to be Lower and Middle Oligocene, while the clayey — Upper Oligocene-Lower
Miocene. The thickness of the Maikop suite is very different and varied according to the
opinions of different researchers. Some researchers believe that the Maikop series has a
thickness of 600 meters, some believe that its thickness is 438 meters, while some researchers
consider the Maikop suite to have a thickness of 315 meters [2]. The lower part of the Maikop
suite is represented by medium and thick layers of sandstones containing thin and interlayers of
brown and yellowish clays. And in clay packs, thin, medium and large-grained quartz
sandstones are found, which in some cases are transferred to micro-conglomerates. There are
also conglomerate interlayers and lenses, the cobblestones of which are mainly composed of
Cretaceous flysch cobblestones. The thickness of the lower part of the Maikop suite is 120-140
meters. The upper part of the Maikop suite consists of dark gray, brownish and chocolate-
colored thinlayered clays containing thin interlayers of sandstones and in which the amount of
jarosites is increased. The clays are mostly non-carbonate, in some parts — carbonate, rarely dark
yellow marls are also found. The thickness of the upper part of the Maikop suite is up to 200
meters. The age of the Maikop suite in the Dusheti area is considered as the Middle and Upper
Oligocene. In the lower part of the Maikop suite, a 25-30 m thick pack of dark gray weakly
carbonate clays is distinguished, dated as the Lower Oligocene age. This pack of clays and most
of the lower part belong to the Upper Eocene age by A. Laliev [9], while he considers the

Maikop suite sediments as a whole in the Oligocene-Lower Miocene interval.
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2.5. Neogene system

2.5.1. Sarmatian stage

Lower subsage of Sarmatian stage (NiSi). In the study area the lower substage of the
Sarmatian stage is ourcropped in the east of the Arghuni Village and extends to the gorge of
the Pote River.

Middle substage of the Sarmatian stage (NiS2). The Middle Sarmatian sediments are
extended as a wide strip from the Ksani River basin to the Iori River basin. Part of them are
covered with Cretaceous-Paleogene and Middle Miocene formations overthrust from the north,
while the Middle Sarmatian sediments, by themselves, are overthrust on the conglomerates of
the Dusheti suite. The total thickness of the horizon is 711 meters [2].

The upper substage of the Sarmatian stage (Niss) (Natskhori suite) is represented by
continental sandstone-clay sediments within the study area, which are located directly in the
Middle Sarmatian sediments and are transgressively covered by the Agchgil-Absheron
conglomerates. Within the study area, the Natskhori suite is built of alternation of
conglomerates, sandstones and clays, where the clays are gray, light gray, sometimes yellowish-
gray, and brownish-reddish in color. The conglomerates are mainly built of the Upper
Cretaceous flysch limestones, rarely porphyries, sandstones, flint, and well-cemented
cobblestones of other rocks. On the northern board of the Ertso depression, the thickness of the
Natskhori suite does not exceed 150-200 meters, in other areas of the Kartli depression it
reaches 1,500 meters, and in the Gromi-Bershueti area — 3,000 meters. Such a significant
decrease in the thickness of the Natskhori suite on the northern board of the Ertso epression

must have been caused by Agchagi-Absheron transgression [2].

2.5.2. Maeotian and Pontian stages (Ni*m-p) (Dusheti suite).

In the southern part of the study area, marine-continental sediments are common,
represented by a thick pack of conglomerates containing the interlayers of sandy clays, clays,
and sandstones. It is not possible to characterize the complete section of the mentioned suite
within the territory due to the fact that the Sarmatian and Middle Eocene sediments are
overthrust on the Dusheti suite from the north, while the distribution of these sediments
extends to the south beyond the boundaries of the study area. The sediments of the Dusheti
suite are deposited on the marine-continental sediments of the Natskhori suite and according to
D.Buleishvili [10], it is divided into two parts. The lower part is represented by conglomerates,
which are fine-grained, well-sorted and strongly cemented. The thickess of the Dusheti suite is
600-700 meters.
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2.6. Quaternary system

The northern part of the study area includes the northern and southern slopes of the main
range of the Caucasus, which are represented by steeply inclined slopy high mountainous
terrain with deeply cutand expansive trough and glacial erosive gorges. Tectonic, glacial and
erosion-accumulation processes create morphological forms in this part of the territory. The
main background of tectonic-erosive terrain is complicated by forms of glacial, volcanic,
gravitational and partly karst origin. Factors contributing to the formation of Quaternary
sediments in the region are the harsh climatic conditions prevailing here and the intense impact
of physical and other agents of weathering on the building rocks. Quaternary sediments are
mainly represented by alluvial, deluvial, proluvial, colluvial, colluvial-soliflux, fluvioglacial and
glacial sediments. Deluvial sediments predominate among them, which are distributed in the
form of trails within the area. The material accumulated on the steep slopes of the ranges and
mountains is represented by colluvial sediments, while at the foot of the mountain slopes near
the riverbeds deluvial-proluvial sediments are common. In the high mountainous part of the
region, the rocky tops of the ranges of which are built of slates and sandstones, and colluvial
sediments predominate. The river gorges, which are characterized by trough forms, their slopes
are built of fluvio-glacial sediments represented by moraine and poorly processed fragmented
material of various rocks [2; 6].

Alluvial sediments (aQ). Within the study area, alluvial sediments build the riverbeds,
floodplains and overfloodplain terraces of the main rivers of Tergi, Aragvi, Arghuni and Andaki
and their large tributaries, where they are represented by both volcanic formations and well-
processed large boulder-pebbles, sands and sand fillers of sedimentary rocks [2; 6].

Alluvial-proluvial sediments (apQ). This type of sediments are represented in floodplain
basins, mainly with a mixture of well-processed cobblestones of alluvial sediments and poorly
processed material of proluvial sediments. These sediments are built of sandstones, clay-slates,
limestones, quartz, rarely — magmatic rocks, boulder-pebbles, sand-gravels and fragmented
unsorted materials. Their relatively strong accumulations are concentrated in the wide valleys
of the rivers, which are characterized by wide terraces, where numerous small and dry ravines
join the rivers. The colluvial material brought by the mudflows developed in these ravines is
mixed in the alluvial sediments and generates strong alluvial-proluvial accumulation.

Alluvial-proluvial sediments, which are developed in the secondary gorges of the rivers of
Tergi, Snostskali, Asa, Khevsureti’s Aragvi, Pshavi’s Aragvi, Andaki and Arghuni, strongly differ
from the alluvial-proluvial sediments developed in the main gorges and are represented by
relatively poorly processed and poorly sorted hard-grained material [2; 6].

Proluvial sediments (pQ). Within the study area proluvial sediments are mainly
concentrated in the beds of small tributaries and dry ravines in transit zones and create

catastrophic debris cones during the passage of mudflows. And in the gorges of the main rivers
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and their large tributaries, these sediments overlap the terraces on both the floodplain and other
levels, where they are presented in the form of trails and strong debris cones.

These sediments are accumulated in large quantities in the transit zone of the Devdoraki
(Amali) River gorge-the left tributary of the Tergi River, where the passage of the mudflow
generated by the rockavalanch-type landslide on May 17, 2014 had a catastrophic result. A
torrential mudflow that suddenly fell at the confluence of the rivers of Devdoraki (Amali) and
Tergi, bringing with it numerous stone-mud masses, blocked and flooded the Tergi River. It
significantly damaged and made unusable a large section of the road connecting the Lars border
checkpoint, there were human victims, and various infrastructure facilities here were flooded
and damaged [2].

Deluvial-proluvial sediments (dpQ). The mentioned sediments are widely distributed
within the study area, which are represented by Upper Quaternary (Quuiv) and latest (Quv)
sediments. These sediments are distributed in river basins, mainly on the slopes of gorges and
on their declivities. They are unstructured formations of rubble and sandy material that are the
product of washed material created as result of rainwater and snowmelt flows from the upper
parts of the slopes [2; 6].

Colluvial-deluvial sediments (Qiv). The mentioned type of sediments cover the slopes of
river gorges, which in some cases, block rivers and cause the migration of riverbeds. These
sediments are mainly composed of poorly sorted and weakly processed crushed material
cemented with clay-sands [2; 6].

Colluvial sediments (cQ). Colluvial sediments are observed in the vicinity of mountain
slopes and along the slopes of river gorges, the strongest accumulations of which are found at
the foot of the ranges. In the areas, where there are steep slopes built of solid rocks, colluvial
formations form large fragmented piles at the base of the slopes. And the fragmented material
fallen from the slopes built of soft rocks is presented in the form of wide trails.

In the part of the study area, where the marl-limestone and carbonate rocks are common,
colluvial sediments are represented by fragmented materials of limestones, marls, clay-slates
and sandstones. There, where the volcanic formations are common, colluvial sediments are
represented by andesites, basalts, dacites, and other large-grained materials that cover the slopes
of the gorges and often block gorges in the gorge beds [2; 6].

Fluvioglacial sediments. Upper Quaternary and modern (Quuiv) fluvio-glacial sediments
are represented by unsorted cobblestone, sand and grayish-brownish-yellowish clays [2; 6].

Glacial sediments. This type of sediments are represented by moraine and glacial forms.
Modern glacial sediments are common in our study area at altitudes of 2,500-3,300 m above sea
level. The moraines of modern (Qv) glacial sediments, in contrast to the Upper Quaternary-
modern (Quiiv) moraines, are mainly represented by fragmented inclusions of shales and
sandstones, which are mixed with rubble, sandy and powder materials. These sediments are
widely distributed in the gorges of the rivers of Chkheri and Khdestskali (Brolis Tskali), in the
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upper reaches of the Amali and Abano Rivers and in the vicinity of the mountains of Kora,
Chroli, Tanie, and Chaukhi [2].

2.7. Magmatic rocks

Within the study area the magmatic rocks are represented by Upper Paleozoic granitoids
([1Pz3?), Jurassic gabbrodiorites, Pliocene subvolcanic basalts, Quaternary granitoporphyries and
subaerial andesites, dacites and andesite-dacites lavas (aLQ). Upper Paleozoic granitoids ([/Pz3?)
are distributed in the northern part of the region, in the gorges of the rivers of Tergi, Dariali,
Khdestskali (Brolis Tskali) and Targmistskali and are represented by three independent bodies:
the Dariali, Gveleti and Targma massifs. Intrusive and effusive interlayer formations of the
Jurassic diabase formation are often found within the study area, especially in the north-eastern
part [2].

Quaternary age volcanogens (alLQ). In the Caucasus folded zone, after a long break,
subaerial effusive volcanism appears in the Late Paleozoic and continues until the Holocene.
The formation of volcanism is associated with significant central uplift of the main range of the
Caucasus and tectonically strongly disturbed areas, where the centers of the vent throat are
mostly associated with anticlinal structures. The latest volcanism within the study area activates
in the late stage of the folding of the Caucasus. The centers of volcanic vent throat are located
mainly in the heads of the Tergi River tributaries, at the watershed of the main range of the
Caucasus and on its both slopes. In addition, separate groups of volcanic formations include the
areas of the Tsiteli and Cabargina Mountains [2].

Kabarjina volcanism. The Kabarjina volcanic massif is one of the most complex and
interesting formations among the numerous effusive lavas distributed within the study area.
Today, the Kabarjina volcano is strongly fragmented and cut by fairly deep gorge. Its western
and northern slopes are particularly steep and vertical, while its southern slope is sloping and
weakly fragmented, the surface of which is covered with a Quaternary cover [2].

Kazbegi volcanic massif. Kazbegi volcanic formations are common at the eastern end of
the Khorkhi range along the tributaries of the Tergi River. The massif is located north of the
main range. In addition to lavas, Lower Jurassic shale-sandstone sediments also participate in
the structure of Kazbegi volcanic formations, which form a strong fundamet. At a
hypsometrically high mark, lava flow outlets are outcropped in hard-to-reach areas, where they
are located between glaciers. From the main height (5054 m) lava flows are distributed in all
directions, which run into the gorge of the Tergi River due to the earlier, uneven terrain. By
composition the mentioned lava flows are mainly of andesitic-dacitic. From the lava flows
within our study area are the lava flows of Chachkhokhi, Khreti, Tsdo, Chkheri, Arshi, Pansheti
and Mnadoni [2].
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CHAPTER 3

Dangerous geological events

Landslides, mudflows, rock avalanches, rock falls, and washing of river banks occupy the
important dominant place among the natural geological processes within the study area
according to the scales of development and the material damage caused by them to the

population and infrastructural facilities.
3.1. Landslide-gravitational and mudflow processes

The following group of landslide-gravitational processes are found in the study area:

Coastal (basic) landslides — identification factor of their formation-development and
prognosis is the washing of banks of rivers and reservoirs by erosive processes, their
morphodynamics and critrial characteristics of erosion resistance of bedrocks. According to the
place and geomorphological location in the geological structure of the shores in terms of erosion
resistance of rocks, it depends on the degree of sensibility of shoreline bedrocks to erosive
processes. Landslides caused by erosive processes pose a significant threat to the population and
infrastructure facilities. These processes are developed on the banks of the rivers of Aragvi,
Tergi, Arghuni, Pshavi's Aragvi and Khevsureti's Aragvi and their tributaries.

The formation-activation of climatogenic (or consistent) landslides depends on the intra-
anual regime of quantitative indicators of atmospheric precipitations, on the presence of
underground waters and techogenic water leakage on the slopes prone to landslides, which
results in a "charging with the humidification effect" taking place in the landslide-sensitive
sedimentary rocks, their consistent changes and the reduction of the shift impedance to a
critical level. Climatogenic landslides in the study area are characterized by universal and mass
distribution.

Tecto-seismogenic landslide events are fundamentally different from all other genetic
types of this kind of events. They are characterized by azonal development and are localized in
the zone of tectonic dislocations of different ranks, especially in the area of interzonal
disturbances. Of the variety of seismogenic landslide-gravitational events, the effect of local
seismogenic faults should be particularly distinguished, when as a result of strong earthquakes
new cracks are formed on the slopes built of bedrocks, along which the significant shifts of
structural character take place.

Techno-anthropogenic landslide events. Alogside to the formation of naturally occurring
exogeodynamic processes in the area of high urbanization settlemet, especially, in the form of
landslide events, one of the leading positions is occupied by the energetic potential due to

techno-anthropogenic impact and the landslides occurred a a result.
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In connecion with the fact that in the formation of mudflow events the sensitivity of
bedrocks of mudflow-transforming river basins to denudation-gravitational processes is crucial
as a supplier of geological product in mudflow-forming centers where their quantitative
indicators depend on the physical stability and gravitational energy.

River bank washing (erosion). Erosion plays a leading role in the formation and
transformation of the modern terrain of the study area. The energy of terrain fragmentation
depends on the lithology of the bedrock, water mass, water movement velocity and strength, as
well as the inclination of the terrain, tectonic movements and the location of the erosion base.

Intensive erosion processes of the river banks are taking place on the banks of the rivers of

Aragvi, Tergi, Arghuni, Pshavi's Aragvi, Khevsureti's Aragvi and their tributaries.

3.2. Factors provoking geological hazards

The main provocative factors of geological hazards within the study area can be grouped
as follows:

Permanently active: geological structure (stratigraphy, lithology) and morphological
peculiarities (terrain);

Slowly changable: tectonic movements, climatic conditions, hydrogeological conditions
and soil-vegetation cover;

Rapidly changable: Meteorological, hydrological, seismic and human engineering activities.

As it was mentioned above, geological conditions of the territory, lithological composition
of bedrocks, their physical-mechanical properties and others are the main idetification factors
of the occurrence of geological processes and events.

Terrain is not only the founding basis of human economical-engineering activity, but also
the creation and activation of exogeodynamic processes including, first of all, landslide-
gravitational processes and mudflows. The role of terrain is especially impressive for the central
segment of the Caucasus — the alpine-himalayan type relief of Georgia.

In order to identify the importance of the morpho-climatic zoning of the terrain in the
formation-activation of exogeodynamic processes and events, on the example of Georgia,
multilateral regional and regime-stationary studies have identified those optimal categories of
terrain inclination, where the values of gravitational field stress in relation to vertical zoning
vary within the frames, in which this or that type of geodynamic processes dominate. This kind
of relation of terrain to geodynamic processes is referred to as a "terrain energy potential’,
which is given in the following gradations: up to 3° — a perfectly flat surface; 3-8° — plain sloping,
8-15° — weakly sloping, 15-25° — moderately sloping, 25-35° — medium sloping, 35-45° — high
sloping, 45-65° — very high sloping and 65-90° — cliffy and steep surfaces.

Climate, as a long-term weather regime of the given area, for the conditions of the
corresponding geographical environment, should be considered as a static function of the

shaping dominant of the background state of geological processes, and meteorological elements
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(weather, temperature, precipitation, humidity), the regime of which varies in the intra-annual
deviations from the long-term average multi-year norm stochastically higher or lower of the
background, are one of the main determining factors of landslide events.

Landslides, the dynamic regime identifier "moistening effect" of which is related to the
values of deviations from the average multi-year norm of atmospheric precipitations, are
divided into the following categories:

6. Lower than background landslide (stable landslides), when the annual rates of
atmospheric precipitations and "moistening effect" are lower than the average multi-year norm;

7. Background landslide, when the quantitative rate of atmospheric precipitations during
the year and the "moistening effect" of the deformable horizon fall within the limits of the
average multi-annual norm (i.e. under the conditions of static regime) and landslide processes
take place at the level of background regime;

8. Stress landslide, when the atmospheric precipitations during the year exceeds the
average multi-annual norm up to 200 mm. In this case, on the slopes of the deformable horizon,
built with rocks of optimal receptor properties, the tendency of activation of landslide-
gravitational processes begins above the background and often landslide-dangerous slopes in the
boundary state of equilibrium come into dynamics;

9. Extreme Landslide — when the landslide processes are activated in the event of
precipitations up to 400 mm above the average multi-annual norm. In this case, almost all
landslide bodies in a state of homeostasis are revived, bodies in the state of dynamics go into
extreme regime and new landslides appear on the slopes with high receptor properties to
landslide processes in the sensitive geological environment;

10. Paroxysmal Landslide — regardless what kind of atmospheric circulation regime
we will deal with and the atmospheric precipitation will be above the average multi-anual
norm of more than 400-600 mm accompanied by an increase in the "moistening effect" to the
limited ability, all of the landslide bodies in stable state will be activated and many new ones
will be formed, while the extreme activation of landslide processes may turn into a paroxysmal
regime of a regional nature, of which we have numerous paradigms in Georgia.

If the internal annual deviations of atmospheric precipitations and the "moistening effect"
play a decisive role in the dynamic regime of landslide proceses, the main determinant in the
transformation of mudflow events is the amount and intensity of precipitations fallen in the
form of torrential rains (in the warm season of a year — IV-X months) and the presence of
mudflow-forming geological product.

For the mountainous area, it is identified that the background state of the mudflow
processes starts with the precipitations in the range of 30-40 mm fallen during the day. In the
relevant geological environment extreme mudflows with large energy and volumes start in the
range of 50-80 mm; in the conditions of 80-100 mm and more of precipitations, when it will be

saturated with mudflow-forming geological product, catastrophic mudflows will be occurred.
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The classic site of this is the tributaries of the Central Caucasus rivers of Aragvi, Tergi, Pshavi's

Aragvi, Khevsureti's Aragvi and Arghuni.

3.3. Stressed areas complicated by geological hazards in the study area and their

characterization

As a result of the processing of historical geological data and data obtained from field
geological surveys, the following were observed within the study area:

1) 42 landslides of different scales;

2) 31 areas of rock avalanche and rock fall;

3) 115 mudflow-forming water ducts;

4) 17 areas of washing of river banks.

A database in the Geo-Information System (GIS) has been prepared for these processes, all
identified threats are mapped, based on which a hazard zoning map has been compiled
( Appendixes 4-15).

Below we give the characterization of significant geological hazards observed in the study

area and its surroundings.
Zhinvali — Barisakho — Shatili highway section
As a result of active landslide process (Fig. 3.3.1), the Datvisjvari- Shatili — Mutso

highway sections (coord.: X-505804-Y-4710258) in the Arghuni River gorge are damaged. A
mudflow ravine is observed on the highway (Fig.3.3.2).

Fig. 3.3.1 Fig. 3.3.2

The high-risk rock-avalanche and rock-fall areas (coord.: X-508532-Y-4715879) are

periodically activated and threaten the safe movement of citizens and vehicles (Fig. 3.3.3-3.3.4).
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Fig. 3.3.3 Fig. 3.3.4

A rock-avalanche, developed on the right bank of the Arghuni River gorge (coord.: X-
508509-Y-4717081), blocked the highway in the spring of 2021, damaging the road bed and
protective lateral cables. Operational cleaning of the highway was carried out by relevant
services (Fig. 3.3.5-3.3.6).

N

Fig. 3.3.5 Fig. 3.3.6

On the right eroded bank of the Arghuni River, where 2-3 m high bulk soil and the road
bed on it (coord.: X-508626-Y-4717282) are washed, the lateral cabels are damaged (Fig. 3.3.7-
3.3.8).

Fig. 3.3.7 Fig. 3.3.8

At the washing area of the right bank of the Arghuni River (Fig.3.3.9 — colord.: X-
508969-Y-4717564) 2-3 m high bulk soil and road bed are washed, also landslide processes are
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developed in this area (colord.: X-509007- Y-4717572) and lateral cables are damaged (Fig.
3.3.10).

Fig. 3.3.9 Fig. 3.3.10

At the washing area of the left bank of the Arghuni River (coord.: X-509365-Y-4718837)
the road bed, built on the colluvial deposits and bulk soil, is damaged. This process is facilitated
by the direction of the river flow to the left bank due to the periodic reactivization of the rock-
avalanche and rock fall areas on the right bank of the river (Fig. 3.3.11-3.3.12).

Fig. 3.3.11 Fig. 3.3.12

In the deluvium-colluvial sediments a descending-type of landslide body is developed, the
material of which is accumulated on the road bed (coord.: X-511435-Y-4720332) and the
washing area on the right bank of the Arghuni River (Fig. 3.3.13-3.3.14).

Fig. 3.3.13 Fig. 3.3.14
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The Arghuni River washes the right bank (coord.: X-511705-Y-4720680; X-511589-Y-
4720747), damaging the road bed and lateral cables (Fig. 3.3.15-3.3.16).

Fig. 3.3.15 Fig. 3.3.16

The Arghuni River washes the right bank (coord.: X-512020-Y-4721312; X-512251-Y-
4721616) and damages the road bed. The process is facilitated by the large boulder in the
riverbed that directs the flow to the right bank. Gravitational movement of the single

fragmened material in the direction of the road bed periodically takes place at the mentioned
area (Fig. 3.3.17-3.3.18).

Fig. 3.3.17 Fig. 3.3.18

On the left bank of the river a rock-avalanch-type landslide is observed (coord.: X-
512280-Y-4722023), the material of which is accumulated on the road bed (Fig. 3.3.19-3.3.20).

Fig. 3.3.19 | Fig. 3.3.20
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On the left side of the river gorge there is a rock-fall area (coord.: X-512220-Y-4722409),
which is expressed in the form of a colluvial trail.

The Figure 3.3.21 shows the crossing area through a mudflow gorge near the village of
Shatili. The 1500 mm iron flow-conductor is filled with mudflow material, resulting in the

accumulation of mudflow solid deposition on the road bed.

Fig. 3.3.21

In the village of Shatili, near the towers, the Arghuni River washes the left bank (coord.:
X-512907-Y-4722901), as a result of which the bank protection gabion of wire-net fencing is
alemost completely deformed. Bank washing also takes place on the opposite side of the towers,
adjacent to the wooden cottages there. Due to bank washing the internal local roads, wooden
cottages and towers are endangered (Fig. 3.3.22-3.3.23). It is necessary to straighten the

riverbed and arrange the bank protection construction.

Fig. 3.3.22 Fig. 3.3.23

On the territory of the Shatili Village, the Arghuni River washes the right bank (coord.:
X-513040-Y-4722904), damaging the Shatili-Mutso connecting road. It is necessary to
straighten the riverbed and arrange the bank protection constructions. The Arghuni River
washes the right bank built of lacustrine sediments (coord.: X-514001-Y-4723577; X-514064-Y-
4723651), on which the Shatili-Mutso connecting road bed is located (Fig. 3.3.24-3.3.25).
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Zhinvali — Barisakho — Datvisjvari Pass section

Different types of geological hazards (mudflow, landslide-rock-avalanche-rock-fall, and
river bank washing) are observed on the Zhinvali-Barisakho-Datvisjvari Pass section, in the
gorges of the rivers of Pshavi's Aragvi, Khevsureti's Aragvi and Gudanischala (Fig. 3.3.26, 3.3.27
and 3.3.28).

g

Fig. 3.3.26. Mudflow
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Fig. 3.3.28. River bank washing (erosion)
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The gorges of the rivers of Sakanapiskhevi, Gudrukhiskhevi, Tvaliura, Sharakhevi,
Magharula, Charglura and others' floodplains are especially noteworthy on this section of the
road (Fig. 3.3.29; 3.3.30).

= Frt ol €7

Fig. 3.3.29. Sakanapiskhevi River Fig. 3.3.30. Magharula River

Biso Fortress (architectural monument) is located in the village of Biso (Dusheti
municipality), (coord.: X-499922, Y-4708555), in the middle of the steep (50-80°) slope of the
right southern exposition of the Gudani River. Geologically it is built of a lower substage of the
Aalenian stage (J2a1) and is represented by medium and thick-bedded, medium and fine-grained
quartz-arkosic sandstones, concretions of pyrite clay shales and clay siderites. The sediments of
the Alenian stage are covered with colluvial-deluvium formations with a capacity of 3-4 meters,
which are presented with poorly sorted and unprocessed fragmented material and are weakly
cemented with clay-sands. Biso Fortress-House (architectural monument) belongs to the late-
Middle Ages. It is built of rock suites and consists of two three-storey fortress-houses standing
compactly. Cracks of various directions and scales are obsrved on the building, the east wall is
concave, which is probably related to seismic tremors that occurred in the early period. The
cover between the floors of the both houses and the roof are collapsed. the mentioned factor
contributes to the increase of deformations during the period of atmospheric precipitations.
Recently, in order to widen the highway, the slope was cut at a distance of 200-220 meters,
which is also visually observed. Presumably, after the works, the steepness of the slope,
naturally (high energy potential) low physical-mechanical properties of the rocks and intense
rainfalls caused the descending of the heavily weathered clay shales at the lower part of the Biso
Fortress and nearby buildings, along the highway at about 90 km distance. On the lower side of
the fortress-house, at a 50-meter section along the highway, in 0.5-1.5 meters from the building,
there is formed an 12-meter long almost vertical plateau. Considering the dynamic condition of
the landslide body, steepness of slope (high energy potential) and the quality of the bed rocks,
there is a high risk of regressive development of the landslide body, during which the collapse
of the fundament of the fortress-house and complete destruction of the architectural monument
is anticipated (Fig. 3.3.31).
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Fig. 3.3.31. Landslide
Mtskheta-Stepantsminda-Larsi highway section

Almost all tributaries of the Aragvi River basin are characterized by a high risk of
developing mudflow processes, in the formation of which not only torrential rains but also
landslide events take part. Due to the mudflow-forming geological environment and climatic-
morphological zoning, the transformation of mudflow-forming processes takes place almost
every year or may be repeated several times a year.

A classic example of mudflow-forming centers as a result of erosion-landslide processes is
between the eastern slope of the Alevi (Lomisi) Range on the right slope of the Aragvi River
gorge — from the townlet of Pasanauri to the village of Mleta, in all the erosive ravines, in case
of appropriate amount of atmospheric precipitations, mudflow events of different intensity and

volume are transformed (Fig. 3.3.32).

Fig. 3.3.32
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For example, the avalanches formed in July 17 of 1953, completely damaged the Georgian
Military Road on the Pasanauri-Mleta section, while the mudflows developed in June 2-3 of
1987, the volume of rock and mud material of which brought from some separate ravines
(Chokheltkhevi, Naghvareviskhevi, and Mletiskhevi) made up to 1 million m3, washed the
considerable part of the village of Chokheltkhevi, covered the highway with rocks and mud and
completely covered the village church. Also, in 2006, a large mudflow in the Mleta gorge
covered a significant part of the church.

In this regard, a particularly complicated situation is created in the village of Mleta and its
surrounding area. Morphological forms of three generations of erosion are clearly visible in the
Mlea area.

1. Mleta River gorge and its similar forms, which have formed catchment basins and
mudflow-forming centers, relatively deeply cut gorges of "V" — like profile, which formed
mostly two-tiered debris cones and with the erosive beds cut in them, are joined directly to the
main erosion base (Aragvi riverbed). Debris cones, formed by them in 20-40 m high steps from
the river bed, are used for settlement and economic activities;

2. Erosive ravines, which have started to form a catchment basin, where the regressive
development-expansion of mudflow-forming geological centers is actively underway. They are
characterized by less depth of erosive cut (1.5-10 m), steep slope of the beds that are ended in
semi-hanging joining steps, and young single-stage debris cones are generated in the basis area;

3. Completely young (not more than 2-3 years old) erosive gullies, most of which start in
the middle of the slope, where landslide-soliflux events have already disrupted the stability of
its surface. Such erosive forms have no catchment space, their cutting depths are up to 0.5-1.0 m,
they have not yet exceeded the groundwaters discharge level, are characterized by steep sloping
beds with hanging basis and active progressing development both towards the head-water and
the basis.These types of erosion forms are the arenas of the active development of mudflows in
the near future.

The length of the Mleta River gorge is 1.5 km, and after coming out of the ravine, it is 890
meters. The upper part of the gorge is a V-shaped, which after coming out of the ravine takes
the form of an open valley. During periods of intense snowmelt and torrential rains, strong
mudflow streams occur in the riverbed. Formation of mudflow streams of different capacities
occur annually, often 2-3 times a year and depends only on the amount of precipitations that
will fall in the form of torrential rains (above 40 — 50 mm).

Currently, there are traces of new mudflow streams in the riverbed. The mudflow-
transforming geological product of the Mletiskhevi River is the denudation-gravitational and

periodically activated landslide events of the bed rocks in its hearth (Fig. 3.3.33).

135



Fig. 3.3.33

In the village of Kvesheti, a large volume (approximately 10,000 m?) of mudflow occurred
in early June 2014, causing significant damage to the Georgian Military Road and the rural
population. The mudflow-forming gorge starts in the near crestal zone of the eastern slope of
the Alevi (Lomisi) Range, crosses the village almost in the central part and joins the Aragvi

River on the right side. Fundamental protection measures have been conducted in the

mentioned area for today (Fig. 3.3.34).

Fig. 3.3.34

Rock-avalanche and rock-falling processes are developed on separate sections of the
Stepantsminda-Tsdo-Gveleti highway. The mentioned processes periodically pose a threat to the
highway (Fig. 3.3.35).
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Fig. 3.3.35

Areas of active manifestation of mudflow processes are observed on the single sections of

the Gudauri-Stepantsminda-Larsi highway (Fig. 3.3.36).
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Fig. 3.3.36

On May 17, 2014, a catastrophic mudflow occurred at the confluence of the Tergi River and
the Devdoraki-Amali River (Kazbegi Municipality) in the Dariali gorge. On May 17, a rock-
avalanche type landslide descended on the Mount Mkinvartsveri, which, along with the rock
material, trapped the glacial-snow mass on top of it. The volume of mass detached from the
Mount Mkinvartsveri was about 5 million m3. This mass with free fall and further
displacement collided with the tongue of the Devdoraki glacier, which in turn underwent
certain deformations, after entering the Devdoraki River gorge, turned into a mudflow stream,
which after joining the Amali River was transported in a downstream as a single stream. At the
confluence of the Amali River and the Tergi River, a powerful debris cone (approximately 2
million m3 in volume) was formed, which completely blocked the Dariali gorge, forming a 30-
meter-high dam and dammed the Tergi River. As a result of this event, 8 people died at the
confluence of the Tergi River. Abundant precipitations fallen in the Devdoraki River gorge on
August 20 of 2014, resulted in the activation of excess material accumulated in the gorge during
the event of May 17 of 2014 (Fig. 3.3.37), which killed 2 people employed in the construction of
a hydropower plant near the Tergi River.

The processes that occurred on May 17 and August 20 of 2014, caused great material
damage to the country as a whole, damaged the Georgian Military Road, the "North-South"
main gas pipeline, damaged the high-voltage power transmission tower and vehicles, cut the
border base from outside world, as well as the customs checkpoint, the residence of the
Georgian Patriarchate and created major problems for the personnel serving there; the main
causes of the mentioned catastrophe are the geological structure of the area, tectonics,

morphological conditions, as well as the negative impact of climate change.
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Fig. 3.3.37

After the disaster, at the initiative of the National Environmental Agency and with the
funding of the Government of Georgia, the Swiss company installed a modern early warning
system, which controls the critical water levels in both the headwaters and the river gorge with
modern technologies. A unified data communication system has also been created, which
ensures the proper functioning of the early warning system [1]. In addition, it is worth to note
that a road tunnel was constructed on the mentioned section of the road, as a result of which

any serious complications on the road itself have been practically excluded in the future.
3.4 Adaptation measures

Landslide control measures — based on the genesis, degree and scale of activity of the
landslides developed in the study area, the main adaptive protective measures have been
elaborated, which can significantly reduce their negative impact on the environment, or
completely eliminate their negative consequences [2].

There are passive (preventive) and active (capital) landslide control measures.

Passive: 1) Prohibitive — cutting of slopes, construction of buildings, agricultural
cultivation of lands, destruction of vegetation cover, irrigation, mining, etc.; 2) Regulatory —
reduction of economic activity, various recommendations.

Active or capital engineering landslide control measures include special constructions —
slope-retaining walls, flow direction reversers, impact on the physical condition of rocks on the
slopes, etc.

Landslide control measures can be also divided into preventive and engineering protection

measures.
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The purpose of preventive measures is to take measures against the landslides on the slopes
before the formation of landslide processes, or to take such measures of anti-activation of
landslide processes, which will be aimed at increasing the stability of the slope.

The engineering measures to increase the stability of landslide slopes are as follows:

A) Modification of terrain in order to reduce the driving forces in the slopes (cutting-
leveling of steep steps, terracing of the slope, arrangement of ground counterberms, etc.);

B) Removal of unstable rock massifs and single boulders (sometimes replacing weak
grounds with stable ones);

C) Usage of various retaining buildings and constructions (support walls, couterforces,
retaining piles and columns, anchors, anchored slabs, reinforcing slabs, seals);

D) Reduction of slope irrigation (arrangement of different types of drainage, agroforest
reclamation, etc.);

E) For landslides of rock-avalanche and rock-fall types: periodic cleaning of slopes from
single boulders, arrangement of protective nets and barriers, usage of appropriate road signs,
and monitoring of hazardous areas.

Flood control measures — to mitigate mudflow streams- dams and thresholds of iron-
concrete and stone piles; for passage of mudflow streams — mudflow conductors, canals, bridges,
culverts, dams, and spur dikes; to reduce the dynamics of mudflow streams — arranging a
cascade of dikes, stepping the beds, agroforest reclamation, periodic cleaning of the beds;
organization of mudflow streams monitoring and early warning system.

Erosion preventive measures —according to the type of process, measures can be divided
into 3 main groups: engineering measures to protect the bed from erosion processes, areal
erosion preventive engineering measures (oo ravine erosion protective measures; therefore,
protective measures should be selected accordingly, namely:

1) Engineering measures to protect the bed from erosion processes:

— Anti-erosion walls;

— Conducting and retaining dams and spur dikes;

— Bed alignment;

— Different types of combined events.
2) Areal erosion preventive engineering measures:
Protection of bare slopes from weathering:

— Protective covers (e.g. Renault mattresses, etc.);

— Creation of grass-vegetation cover (bioengineering).

3) Ravine erosion protective measures:

Strengthening the bottoms of the ravines;

Organizing surface streams;

Filling the ravines;

— Arrangement of drainage-water discharging collectors;
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— Avoidance of irrigation at the expense of infiltration (drainage gutters and trench

systems, agroforestry reclamation, upper part trenches).
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4.1. Air temperature

Climate and hydrology

CHAPTER 4

Due to the large physical-geographical diversity of the region and the wide range of

differences in altitude, the temperature distribution is of a contrasting nature. The main factor

of temperature variation is the height of the area in the region. As the height increases, the

temperature drops. According to the Table 4.1.1, the coldest month is mainly January, and in

the high mountainous zone — February (Kazbegi, high mountainous) [1; 2].

Table 4.1.1. Air temperature, °C

Weather Month
station, height Year
asl, m I I 111 Y A2 VI | VII | VIII | IX | X | XI | XII
Thilisi, 403 1.7 2.8 69 |128| 174 [21.2| 244 | 237 | 196|134 | 81 | 38 | 13.0
Dusheti, 922 -14 -0.5 35 | 89 | 139 |172| 202 | 204 |163|112| 55| 08 | 9.7
Pasanauri,

-4.1 -2.6 19 | 74 | 124 |156| 185 | 185 |144| 94 | 37 | -16 | 7.8
1,070
Tianeti, 1099 -4.7 -3.1 13 | 70 | 124 | 157 | 186 | 185 |144| 92 | 33 | 21 | 75
Barisakho,
L35 -4.7 36 | 06 | 60| 109 |136| 165 | 164 |126| 81 | 26 | 24 | 6.4
Stepantsminda,

-5.2 47 | -15 | 40 | 90 |11.8| 144 | 144 |106| 66 | 1.5 | 2.6 | 49
1,744
Kobi 2; 1,962

-8.4 76 | -40 |17 | 68 [102| 129 | 132 | 95 | 51 | -05| -57 | 28
Kobi 1; 1,987

-8.0 66 | 29 |27 | 81 |116| 138 | 139 | 98 | 52 | -05| -54 | 35
Gudauri 2,

-7.7 -77 | -46 | 04 | 55 | 91 | 123 | 123 | 83 | 40 | -1.2 | -53 | 2.1
2,194
Gudauri 1,

-6.7 61 | 26 | 20| 68 |[105| 132 | 133 | 98 | 52 | -04 | -44 | 33
2,197
Jvari Pass,

-114 | -108 | -72 |-16| 38 | 78 | 105 | 106 | 68 | 2.1 | -46 | -87 | -0.2
2,396
Kazbegi h/m,
2653 -15.0 | -153 | -12.2 | -80 | 35 | -03 | 3.0 34 | 00 | -41]-86| -123 | -6.1

Details of the annual temperature course according to altitude can be clearly seen from

the diagram presented in the Fig. 4.1.1.
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Fig. 4.1.1. Change in temperature annual course by altitude at discrete points

according to the altitude of the highest and lowest monthly temperatures

The change in average annual and monthly temperatures by altitude is well described by
the linear function (Fig. 4.1.2). Determination coefficients are quite high in this case as well,

indicating the important role of a height of a location in the formation the temperature field.
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Fig. 4.1.2. Change in air temperature according to altitude in Mtskheta-Mtianeti
region and corresponding descriptive functions: 1- January ; 2 — July ; 3 — years

(R2- is the coefficient of determination)

It is clear from Fig. 5.1.2 and the corresponding equations that the vertical temperature
gradient is 0.50 for each 100 m altitude for the average monthly and average annual
temperatures of July and 0.40 — for the January temperatures, which is the result of inversions
characteristic of winter. The coefficient of determination presented in the same figure shows
the share of the altitude of a location in the change in temperature. As the values of the
determination coefficient show, the share of the altitude of a location in temperature change is
mainly decisive and is approaching 100%, only in January it makes 90%, also due to intense

inversive processes. Due to the high reliability of the obtained relations and equations, we can
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discuss the temperature regime of different height belts with considerable accuracy and use
them successfully in different calculations.

The temperature regime of the region’s area is well reflected in the isotherm maps
presented in the Fig. 4.1.3 —4.1.7 [3].

LEGEND LEGEND

Average annual air temperature, °C Average monthly air temperature, °C
Les 6 -4 -2 0 2 4 6 8 10 12 14 Less-M-Q—D!-bJ-!;;;
Fig. 4.1.4. Average monthly air temperature
(Janvary) [3]

Fig. 4.1.3. Average annual air temperature [3]

Fig.4.1.3 shows that the average annual air temperature in the most part of the region's
area is mostly positive and varies from minus 6 to 10-12°C. The highest temperatures are
observed in the lower reaches of the rivers of Aragvi and Ksani and in the Mtkvari valley, and
the lowest — in the high mountainous zone of the Caucasus.

According to the Fig. 4.1.4, the average monthly temperature of January is negative
everywhere and generally ranges within minus 14-16°C to minus 1-2°C. The highest
temperatures are also observed in the lower reaches of the rivers of Aragvi and Ksani Rivers and
in the Mtkvari valley, while the lowest — are observed in the high mountainous zone of the
Caucasus.

In April (Fig. 4.1.5), the temperature in most part of the territory is positive and reaches
10-12°C, while in the high mountainous zone it is negative and drops to minus 8-10°C. In this
case, the highest temperatures are also observed in the lower reaches of the rivers of Aragvi and

Ksani and in the Mtkvari valley, and the lowest — in the mountainous zone of the Caucasus.
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Fig. 4.1.5. Average monthly air temperature

(April) [3]
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Fig. 4.1.7. Average monthly air temperature

(October) [3]

14

16

LEGEND

Average monthly air temperature, °C

46 8

10

12 14 16 18 20 22 24

Fig. 4.1.6. Average monthly air
temperature (July) [3]

In July (Fig. 4.1.6) the average air
temperature is positive everywhere and
varies from 4 to 22°C, the main areas of
maximum and minimum are maintained.

October temperature (Fig. 4.1.7)
ranges from minus 4 plus 12-14°C. The
main  geographical  regularity
maintained in this month as well — the

is

highest temperatures are in the lower
reaches of the Aragvi and Ksani rivers and
in the Mtkvari valley, and the lowest — in
the high mountainous zone of the
Caucasus.

As it was already mentioned, the
annual temperature course is
characterized by a minimum in January
and a maximum in July-August. Extreme
temperature characteristics — absolute

minimum and absolute maximum, average

minimum and average maximum have the same course. This is well seen in the Fig. 4.1.8,

which presents the annual course of average and extreme values of air temperature in three

different physical-geographical conditions: Dusheti, Gudauri and high mountainous Kazbegi.
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Fig. 4.1.8. Annual course of average and extreme values of air temperature:

1- absolute minimum; 2 — average; 3 —absolute maximum

As it is seen from the Fig. 4.1.8, the values of the extreme temperatures in the region
fluctuate in a fairly large range. For example, the absolute minimum temperature in Gudauri
falls below minus 30°C in January, and the absolute maximum temperature reaches 30°C in
summer. In mountainous Kazbegi, the absolute minimum temperature drops below minus 40°C

in January, while the absolute maximum temperature reaches 18-20°C in summer [4].
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4.2. Air humidity

The main characteristics of the humidity are the partial pressure of water vapor and the
relative humidity of air. Partial water vapor pressure, like air temperature, reaches its lowest
values in the annual course in winter and its highest value — in summer [1; 2]. In addition, with

increasing height, the partial pressure also decreases regularly (Table 4.2.1).

Table 4.2.1. Partial pressure of air water vapor (hPa)

Weather Month

station, height | | mo|m | v | v | vi|vi|vim| x | x | xt | x| Year
a.s.l, m

Thilisi, 403 50 | 52|59 |85 122 |146|168]| 163 | 138 | 107 | 81 | 57 | 10.2
Dusheti, 922 43 | 45|52 | 77| 113 |138|161] 155 | 130 | 96 | 70 | 50 | 94
Pasanauri,

Lo70 37 | 40 | 49 | 72 | 105 | 129|152 | 147 | 121 | 88 | 63 | 45 | 87

Tianeti, 1,099 | 39 | 43 |52 | 76 | 11.0 | 135|158 | 151 | 126 | 90 | 65 | 48 | 91

Barisakho,
3.5 38 | 47 | 6.7 96 |120|142| 139 | 114 | 81 | 58 | 4.2 82
1,325
Stepantsminda,
1744 2.8 30 | 3.7 | 5.6 80 |100|121| 116 | 91 6.2 | 155 | 3.3 6.7

Kobi2, 1,92 | 29 | 26|33 |50]| 76 |93 |112]109| 87 | 61 | 41 | 29 | 62

Gudauri 2,

25 28 | 3.4 | 48 7.0 9.0 | 11.0| 10.7 | 8.6 6.0 | 4.1 3.0 6.1
2,194
Jvari Pass,

2.3 25 | 3.1 | 46 6.4 85 | 105 | 10.2 8.1 55 | 3.8 2.8 5.7
2,396
Kazbegi h/m,
3653 1.4 14 | 1.6 | 25 3.5 44 | 55 | 54 4.1 29 | 2.1 | -1.6 3.0

The table shows that the average annual value of partial pressure during the year in the
region varies from about 3 to 10 hPa, the highest is in lowland stations and the lowest — in high
mountainous Kazbegi.

In January, the partial pressure of water vapor is lowest and ranges from 1 to 4-5 hPa.
Partial pressure rises from spring and reaches a maximum in July-August, when it varies in the
range of 5-16 hPa. Partial pressure still decreases since autumn.

The relative humidity is also an important characteristic of the air humidity. It is the ratio
of the partial pressure of water vapor in the air to the partial pressure of saturated water vapor
at the same temperature and is expressed as a percentage (%).This parameter depends on air
temperature, circular processes, cloudiness, wind regime, orography, and etc. The relative
humidity, like other characteristics of humidity, is characterized by seasonal course, though it

significantly depends on local conditions (Table 4.2.2).
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Table 4.2.2. Relative air humidity (%)

Weather station, Month
height a.s.1, m I II or | v | v | vl | VvII | VIII | IX | X XI | XII | Year
Thilisi, 403 73 | 69 | 66 | 62 | 64 | 60 56 57 64 | 73 | 77 | 76 66
Dusheti, 922 72 | 72 | 70 | 68 | 72 | 70 69 68 72 | 75 | 75 | 74 71
Pasanauri, 1,070 76 | 74 | 73 | 70 | 74 | 74 73 72 7 | 77 | 77 | 77 74
Tianeti, 1,099 81 | 80 | 78 | 75 | 76 | 75 74 73 78 | 80 | 82 | 82 78

Barisakho, 1,325 76 76 | 73 72 75 77 77 77 80 78 78 76 76

Stepantsminda, 62 63 | 66 69 70 71 74 72 72 87 64 | 61 68
1,744
Kobi 2; 1,962 64 | 64 | 67 | 69 | 72 | 73 74 74 74 | 75 | 65 | 64 69

Gudauri 2; 2,194 72 74 | 76 | 74 | 76 | 76 76 75 78 | 75 72 | 68 74

Jvari Pass, 2,396 78 80 | 84 | 80 | 82 82 83 83 86 | 82 79 75 81

Kazbegi h/m, 3,653 | 66 | 68 68 69 70 71 70 69 66 | 63 60 | 60 67

As it is seen from the table, the average annual value of the relative humidity ranges
within 67-81%. The maximum in the annual course is in the low and medium mountainous
zone in winter or early autumn, mainly in November-January, while the minimum is mainly
observed in spring. In the high mountainous zone, the maximum of the relative humidity is

observed in summer or early autumn, and the minimum — in winter.

4.3. Atmospheric precipitations

Atmospheric precipitations are one of the important elements of the climate, which
determine the main directions of human economic activity. It is also one of the main factors of
creation and activation of natural hydrological and geological processes. In the Table 4.3.1, the
values of monthly and annual sums of atmospheric precipitations are presented in the main

areas of the region.

Table 4.3.1. Monthly and annual sums of atmospheric precipitations, mm

Weather station, Month
height as.l., m I II m | v v VI VII VII | IX X XI | xi1 | Year
Thilisi, 403 16 | 22 31 52 | 86 | 72 48 37 42 | 42 35 22 505
Dusheti, 922 35 43 | 50 | 77 | 121 | 104 62 51 60 | 57 | 45 34 | 739
Pasanauri, 1,070 49 | 60 | 70 | 103 | 144 | 133 | 101 83 77 | 68 | 59 | 52 999
Tianeti, 1,099 44 | 52 | 61 89 | 137 | 122 83 66 71 62 53 | 38 878
Barisakho, 1,325 57 | 72 | 83 | 117 | 160 | 150 | 113 93 8 | 78 | 68 | 59 | 1,136
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Stepantsminda, 27 35 53 81 | 110 | 104 90 89 72 56 39 30 786
1,744
Kobi 2; 1,962 50 | 66 | 98 | 114 | 147 | 142 | 128 104 97 | 85 71 58 | 1,160
Gudauri 2; 2,194 90 | 107 | 132 | 160 | 205 | 180 | 145 124 | 112 | 116 | 112 | 102 | 1,585
Jvari Pass, 2,396 104 | 137 | 147 | 172 | 220 | 186 | 150 129 | 118 | 125 | 125 | 119 | 1,733

Kazbegi h/m, | 63 | 71 | -95 | 147 | 183 | 165 | 150 168 | 121 | 99 | 83 | 58 | 1,404
3,653

Table 4.3.1 shows that the region the abundant precipitations fall during the year in the
high mountainous zone. In the annual course, their maximum is observed in spring or summer,
while the minimum precipitations fall mainly in winter. The whole variety of annual course of

precipitations in the region is well expressed by the diagram presented in the Fig. 4.3.1.
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Fig. 4.3.1. Field of change of annual course of monthly sums of

precipitations according to heights

The field presented in the Fig. 4.3.1 well illustrates the details of the change in the annual
course of precipitations according to the height. In particular, the positive shapes of the surface
(convexity) are well visible, which corresponds to the precipitation maximums mainly in spring
and summer.

Monthly sums of precipitations vary within a large range. This is well seen in the
histograms of the maximum, average and minimum monthly sums of precipitations presented
on the example of Pasanauri in the Fig. 4.3.2.

As it is seen in the Fig. 4.3.2, during the winter months, the precipitation may not fall at
all, or it may fall in insignificant amounts. At the same time, in some years, in any month, it is
possible to fall such an amount of precipitations, that it would be several times more than the
monthly norm of precipitations. This is typical for precipitations, as it is characterized by large

dispersion. Extreme daily precipitations are discussed in a separate paragraph.
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Fig. 4.3.2. Annual course of the maximum, average and minimum

monthly sums of atmospheric precipitations in Pasanauri

One of the topical problems in the mountains is the change in precipitation sums by
altitude. Fig. 4.3.3 shows the change in precipitation sums by altitude in the region, the

corresponding descriptive function, and the coefficient of determination.
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Fig. 4.3.3. Change in annual sums of atmospheric precipitations by altitude and corresponding
descriptive function (R?- coefficient of determination); X — altitude of the loation, Y — sum of
precipitations, 1- annual sum of precipitations, 2 — sum of precipitations of cold period,

3 — sum of precipitations of warm period

The determination coefficient is 0.67 for the annual sum of precipitations, 0.76 — for the
warm period precipitations and 0.52 -for the cold period precipitations, which proves that the
share of altitude of locayion in the change in precipitation sum is relatively significant during
the warm period of the year and is 76%. The rest of the share, or 24%, is contributed by the
distribution of precipitation sums by the landforms and other morphometric factors.

Maps of summary isohyets of the territorial distribution of atmospheric precipitations are
presented in the Fig. 4.3.4 — in Fig. 4.3.6 [3]. The regularities of spatial distribution of

precipitations are clearly visible from these maps.
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Fig. 4.3.4. Annual sums of atmospheric Fig. 4.3.5. Atmospheric precipitation sums in
precipitations (mm) [3] the cold period of the year (mm) [3]

According to the Fig. 434 -
436, the annual sums of
precipitations fallen in the territory of
the region range from 400-500 to
1500-1600 mm. Precipitations of the
cold spell of the year is about 100-
1,000 mm, while precipitations of the
warm spell of the year is from 200-300
mm to 1,400 mm. The minimum
amount of precipitations fall in the
river gorges and low mountains, while
the maximum amount of
precipitations is observed in the high
mountainous ranges of the Caucasus.

Table 4.3.2 presents an important
characteristic of atmospheric

LEGEND

Amount of atmospheric precipitations, mm

precipitations — number of days with
300 350 400 500 600 700 800 1000 1200 1400 precipitations.

Fig. 4.3.6. Atmospheric precipitation
sums in the warm period of the year (mm) [3]
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Table 4.3.2. Number of days with precipitations

Weather station, Month

height as.l, m I II I | Iv A% VI | VII | VIII | IX X XI XII | Year
Thilisi, 403 65 | 75 | 88 | 11.8 151 |11.7 | 9.1 7.5 87 | 9.2 8.7 6.8 111

Dusheti, 922 93 | 95 | 108|119 | 155|121 | 95 8.1 85 | 93 9.0 8.9 122

Pasanauri, 1,070 | 10.3 | 10.7 | 12.7 | 15.0 | 19.7 | 169 | 135 | 11.8 | 11.0 | 109 | 9.0 8.9 150

Tianeti, 1,099 95 | 107|129 | 139|168 | 141 | 11.2 | 9.1 |103| 109 | 10.6 9.5 140

Barisakho, 90 | 99 | 11.8| 127 |19.0 | 16.6 | 13.6 | 122 | 113 | 99 8.3 8.1 132
1,325
Stepantsminda, 70 | 71 | 94 | 122|163 | 153|127 | 11.2 | 95 | 8.2 7.2 6.2 122
1,744
Gudauri 2;2,194 | 125 | 13.3 | 15.1 | 17.4 | 21.3 | 195 | 172 | 14.6 | 146 | 13.1 | 12.7 11.7 183

Jvari Pass, 2,396 | 12.6 | 13.2 | 156 | 17.4 | 205 | 183 | 17.2 | 14.8 | 144 | 125 | 124 12.0 | 181

Kazbegi  h/m, | 10.7 | 12.1 | 154 | 165 | 20.7 | 19.8 | 17.1 | 155 | 141 | 13.6 | 12.0 113 | 179
3,653

The table shows that the number of rainy days in the region is 120-180 days on average.
The annual course of the number of rainy days mainly corresponds to the annual course of the
amount of precipitations: the maximum - in late spring or summer, and the minimum - in

winter.
4.4, Snow cover

The mountainous zone of the study region is characterized by frequent snowfall.
Consequently, the duration of presence of snow cover is important. The number of days with
snow cover at 1,000 m above sea level is about 70-100 days a year, at 2,000 m altitude — 170, at
3,000 m altitude — 280, and etc. The height of the snow cover also increases according to the
height of the location (Fig. 4.4.1).

Table 4.4.1 shows the average monthly heights of snow cover based on the constant
measuring stick data at weather stations [2].

As it is seen from the Table 4.4.1, the Aragvi River basin on the southern slope of the
Central Caucasus is distinguished by average monthly and maximum values of snow cover. The
average and maximum values of the maximum heights of snow cover at the stations located
here are 48 and 105 cm in Pasanauri station (1,070 m), 96 and 241 cm in Mleta (1,580 m), 152
and 260 cm in Gudauri (2,194 m), and 156 and 334 cm in the Jvari pass (2,395 m).
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Fig. 4.4.1. Average height of the Fig. 4.4.2. Average dates of the
snow cover [3] snow cover break up [3]

Table 4.4.1. Snow cover average monthly height (cm)

Weather Month In winter
station X | X| XI| XU | 1] | W| IV ] V]| VI| Ave.| Max | Min.
Kazbegi h/m 8 13| 20 17 13 12 18 22 42 33 62 156 23
Stepantsminda - - 5 8 13 | 23 15 4 13 - 38 96 6
Sno - | -1 3 6 - 20 | 17 2 - - 34 90 3
Jvari Pass - 5| 27 61 107 | 153 | 185 164 84 14 156 334 104
Gudauri - - 13 45 77 99 | 147 95 32 - 152 260 48
Mleta - - 8 24 48 71 67 31 - - 96 241 27
Kvesheti - - 8 20 46 | 65 | 63 26 - - - - -
Pasanauri - - - 7 21 32 | 21 3 - - 48 105 8
Zhinvali - - - - 7 8 2 - - - 17 62 1
Tianeti - - - 7 17 22 15 3 - - 36 73 5
Dusheti - - - 2 6 8 4 - - - 17 61 3

According to the vertical distribution of snow cover and the duration of its presence,
three zones are distinguished on the territory of Mtskheta-Mtianeti region: stable, unstable and

permanent snOw cover zone.
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The unstable zone of snow cover extends to an altitude of about 800-900 m above sea level.
The snow cover in this zone stays and disappears several times during the winter. There may
also be cases of snowless winters. The many years' average maximum height of snow cover
usually does not exceed 3-5 cm, though in some very rare cases the height of snow cover can
reach 1 meter and more.
The average values of snow cover heights in the zone of stable snow cover, in the area of
Gudauri and Jvari Pass, exceed 200 cm, and the maximum height reaches 260-270 cm. Here the

gradation of 200-300 cm high snow cover has maximum recurrence (Table 4.4.2.).

Table 4.4.2. Recurrence of the maximum values of snow cover height

according to the gradation in the sustainable snow cover zone (%) [2]

Snow cover height (cm)
Weather o e =3 N =3 = o o
o o o TS 8 N ) 0~ S ) S n
. N ™ fre) ~ S — — — I N 2g) e
station - . il 2 X i N i N o o i
— ~ %) " 2 o N n N o 0 o
— — — — [\l o on
Kobi 15 10 5 10 15 20 | 25 - - - - -
Jvari Pass - - 0 - 6 6 17 17 18 24 12
Gudauri - - 2 2 15 15 18 15 14 17 2 -
Pasanauri 12 20 25 29 9 2 - - - - — —

The data in the table show that in Kobi, which is located in the Tergi River basin, on the
northern slope of the Caucasus, the recurrence of the maximum values of average decadal snow
cover heights (126-150 cm) reaches 25%, while in the stations on the southern slope — Jvari Pass
and Gudauri, this figure is equal to 12% (301-350 cm) and 2% (251-300 cm). Such a difference is
explained by the different orientation of the northern and southern slopes of the Caucasus
towards the humid air currents.

Sustainable (permanent) snow cover is located above the snow line. The average date of
snow cover occurrence in the lowland part of the region (the first zone) is the second half of
December (Dighomi, Mukhrani, and Zhinvali). As the altitude of the place increases (second
zone), the average date of snow cover appearance will be shifted to the second half of
November (Barisakho, Mleta, Kvesheti, Pasanauri). The average date of snow cover in the third
zone is observed already in the first half of October (Jvari Pass).

Figure 4.4.2 above shows the average dates of snow cover break up. The unstable snow
cover is well visible here.

According to the Figure 4.4.2., the average date of break up of snow cover in the first zone

is observed in the first half of March, in the second zone — in April, and in the third zone - in
May-June.
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45. Wind

The wind regime characteristics of the
study area significantly depend on the
complex orography. High wind speeds are
observed on mountain peaks and ranges, while
wind speeds are minimal in the valleys. At the
same time, local circulation is developed, or,
the formation of local types of winds of
mountain-valleys, slopes and glacial genesis
takes place. Therefore, large variability of
wind speed and direction is observed in the
mountainous area of the region [4] (Fig.
45.1.).

Indeed, According to the map presented
in the Fig. 45.1, the average annual wind
speed in river valleys is less than 2 m/sec,
while on peaks and ranges it exceeds 6 m/sec.
According to the Table 4.5.1, the maximum
annual average wind speed (6.4 m/sec) is
observed at the Kazbegi station.

LEGEND
Average wind speed, m/sec.
| 1 1 ]
Less 20 40 6.0 More

Fig. 4.5.1. Average annual wind speed

(m/sec) [3]

Table 4.5.1. Average monthly and annual wind speed (m/sec)

Month

. Year

Weather station, I II 111 v A% VI | VII | VIIT | IX X XI | XII
heightasi;m
Thilisi, 403 22 127 | 28 | 2.8 2.5 25 (28 | 23 21|20 | 17 | 1.8 2.4
Dusheti, 922 13|16 |17 16| 16 |16 |14 | 14| 14141192 | 10| 14
Pasanauri, 1,070 09| 12| 16| 16 14 12| 1.2 1.0 | 1.1 1.1 09| 08 1.2
Tianeti, 1,099 18 | 22 | 24 | 23 2.1 21 | 1.7 16 | 1.8 | 1.8 | 1.3 | 1.2 1.9
Barisakho, 1,325 18| 19| 21| 22 2.1 1.9 1.8 2.0 19| 19| 18| 16 1.9
Stepantsminda,
26| 26| 24| 20 1.6 15| 14 16 | 1.7 | 20| 22| 25 2.0

1,744
Bursachiri, 1,760 1.7 1.9 1.8 1.8 2.0 20| 20 1.7 1,6 1,5 1,4 1,6 1,8
Kobi 2; 1,962 1.7 19| 19| 1.3 1.4 13| 15 14| 16| 15| 19| 1.7 1.6
Gudauri 2; 2,194 15 1.6 1.4 1.4 1.4 1.2 1.2 1.2 1.2 1.3 1.2 1.2 1.3
Jvari Pass, 2,396 221 24| 22| 18 1.9 20| 19| 20| 20| 20| 19| 22 2.0
Kazbegi h/m,
3653 70| 75| 74| 7.0 6.1 48| 50| 54| 64| 71| 66| 6.8 6.4
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The absolute maximum of average monthly wind speed in Kazbegi is 7.5 m/sec in
February, in Stepantsminda — 2.6 m/sec in January and February, in Kobi — 1.9 m/sec in
February, March and November, in Jvari Pass — 2.4 m/sec in February, in Bursachiri station —
2.0 m/sec in May, June and July, in Gudauri — 1.6 m/sec in February, in Pasanauri — 1.6 m/sec in

March and April, and in Tianeti — 2.4 m/sec in March.

4.6. Hydrology

The main arteries of the surface runoff of the study area are the rivers of Aragvi, Tergi,
Pshavi's Aragvi and Arghuni with their numerous tributaries. The mentioned areas belong to
the Caspian Sea basin, Aragvi and Tergi river basins.

Modern river gorges are generated as a result of the erosive action of water, and small
rivers cut deep in the terrain lack in floodplains almost everywhere and are characterized by
steep inclinations; the longitudinal profile is step-wise or linear. The Tergi and Aragvi Rivers
make branches in several places and form small size islands. The beds of tributaries are
moderately serpentine. The bottoms of tributaries are in most cases rugged, rocky and blocked
by boulders.

Rivers are characterized by mixed feeding: snow, rain, glaciers, and groundwaters. The
first place from the feeding sources is occupied by the snow cover, the capacity of which and
duration of standing increase with increasing the elevation. Glacial feeding is also important,
especially for the Tergi River. The river network in the study area is well developed and has a
high hydrographic network frequency coefficient.

Average water flow velocities range from 1.1 to 1.8 m/sec for large rivers and from 1.5
m/sec to 2.4 m/sec for small rivers. Water temperature in winter period is 0.5 — 0.7 °C, in
summer the temperature ranges from 15 to 18 °C. It is noteworthy that in single years, from
November to March, in case of a drop in air temperature, bottom and bank ices are observed in
the rivers.

The water content regime is characterized by spring-summer floods and unsustainable
water shortages at other times of the year. Spring-summer floods, caused by melting snow and
glaciers and rains, usually start in April, reaching a maximum in July-August. 70% of the annual
runoff flows at this time. Minimum water levels are observed in autumn and January-February.

Almost all rivers in the study area are characterized by rapid and strong flooding, they are
characterized by relatively faster increases and decreases in levels, and the main reason for this
is rain. In this respect, the tributaries of the Aragvi, Tergi and Arghuni Rivers are especially
distinguished, where the mudflow streams occur. It should be noted that mudflows do not
occur annually and they are not regular.

Temporary streams are distributed in the study area, in the beds of which water appears
only during the period of snowmelt or intense rains. In this respect, the tributaries of the
Aragvi River stand out; however, in some cases, due to the plants in them and small length of
basins, they are relatively less risky.
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CHAPTER 5

Extreme hydrometeorological events
5.1. Intense, abundant and catastrophic atmospheric precipitations

Precipitations are called intense, when their daily amount exceeds 20 mm, while
precipitations are called abundant, when their daily sums exceed 30 mm. Such precipitations
are considered an extreme weather event, as it may cause development of natural disasters,
including floods, flash floods, inundation, mudflow, etc., and thus cause great material damage
to the population and the economy [1]. Table 5.1.1 presents the average monthly and annual
values of the number of days with intense and abundant precipitations for the 3 stations, which

characterize the different physical-geographical conditions of the region.

Table 5.1.1. Number of days with intense and abundant precipitations

Month

‘Weather station

Year

I II III v A% VI VII| VIII| IX X | XI | XII

Number of days with
intense 01(02|02|08|13|13|05(|05|06|05]02]|01]|6
precipitations

Number of days with
abundant 002|001|01|02|05|05(02)]02)02|01]01]|00]2
precipitations

Dusheti

Number of days with
intense 10| 14|16 |18 |25 |25 |19 |16 |13 |13 |29 |11 |21
precipitations

Number of days with
abundant 04 |07 |07)|08 |08 08|07 07| 06| 06| 06| 06| 8
precipitations

Gudauri

Number of days with
intense 0909 |09|20 |21 |14 |16 (22|13 |08 | 10| 07 |16
precipitations

Number of days with
abundant 030305 |11]07 05|06 |11 |05)|05)|04]|02]38
precipitations

Kazbegi h/m

As the table shows, the number of days with intese precipitations throughout the year
varies widely and is mostly 6-21 in the area. The number of days with abundant precipitations
is relatively less and is 2-8 days a year. More detailed information on the distribution of the
number of days with abundant precipitations in the region is provided in the map presented in
the Fig. 5.1.1.
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Fig. 5.1.1. Number of days with abundant Fig.5.1.2. Absolute daily maximum (mm) of
precipitations a year [2] atmospheric precipitations [2]

The map shows that the number of days with abundant precipitations in the region varies
from 1-2 to 10-15 and more days during the year. Abundant precipitations are particularly
frequent in the high mountainous zone of the Caucasus, where they range between 6-10 days.
Intense and abundant precipitations throughout the year is especially frequent in the second
half of spring and summer, when convection processes are activated. If we consider the roads,
then we will have the following picture: the number of days with abundant precipitations in
the Thilisi-Zhinvali section does not exceed 2 on average during the year, it reaches the
maximum on the Gudauri-Kobi section (10 days), where the number of days with intense
precipitations exceeds 20. The situation is similar on the pass of the Zhinvali-Shatili road.

At present, no general definition of catastrophic precipitations has been identified.
According to one of the definitions, it is "a dangerous event, that endangers human life and
health and causes the destruction of buildings and vehicles, disruption of industrial and
transport processes, or damage to the environment." Thus, extremely intense precipitations
can be considered catastrophic, as well as significant pecipitations, that fall over several days,
causing floods, flash floods, mudflow processes, snow avalanches or other natural disasters, and
overall creates an emergency situation, that can cause significant material loss and human
casualties.

According to the World Meteorological Organization, the catastrophic nature of
precipitations can be judged by the number of days with precipitations of more than 50 mm
(R50). However, according to available meteorological observations, the average number of
such precipitation days in the region does not exceed 1 per year, while the largest number of

days is 3-4 days. The probability of falling of catastrophic precipitations is also low.
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Table 5.1.2. Characteristics of precipitations' daily maxima (mm)

Weather station, Absolute Average Expected once in
height a:s.]l,, m Maximum Maximum 100 years
Thilisi, 403 147 29 128
Dusheti, 922 82 29 84
Pasanauri, 1,070 93 35 96
Tianeti, 1,099 105 32 110
Barisakho, 1,325 94 30 95
Stepantsminda, 1,744 111 27 114
Gudauri 2; 2,194 100 33 106

Table 5.1.2 shows that the absolute maximum of precipitations is several times higher
than the criteria of intense and abundant precipitations. Specifically, in Gudauri and Tianeti it is
100-105 mm. It is slightly less in Pasanauri (93 mm) and 82 mm in Dusheti. According to the
same table, the sums of daily precipitations expected at least once a century are quite high, and
in Gudauri and Tianeti it is 106-110 mm, in Pasanauri 96 mm, and in Dusheti -84 mm.

Detailed information on the spatial distribution of extreme precipitations in the region is
provided in the generalized map presented in the Fig. 5.1.2 given above. According to the map,
there are two main zones of extreme precipitations in the region. The first of these includes
Dusheti municipality, the middle stream of Aragvi and the surrounding mountains. The daily
maximum of precipitations in this zone is 75-100 mm. The second zone, where the maximum of
precipitations exceeds 100 mm, extends over a wider area and includes the high mountainous

zone of the Caucasus too.

5.2. Fog

Fog is a dangerous meteorological event. If the field of vision is reduced to 50 m or less
during fog, it is called heavy fog. Fog negatively affects the movement of all kinds of transport
(land, sea, air), accidents are more frequent during heavy fog. Fog has a negative effect on the
human body. Thermoregulatory processes are disrupted, leading to respiratory disease [1].

According to their origin fogs are intramassive and frontal. Intramassive fog types are
advection and radiation fogs. In the conditions of mountainous terrain there is a subtype of

advection fog — a slope fog. The average and maximum numbers of foggy days are presented in
the Table 5.2.1.

160



Table 5.2.1. Average and maximum number of foggy days

Weather Month

station

I II Im | Iv | v | VI | VII | VIIT | IX X XI XTI
Thilisi Ave. | 8 6 3 09103]01]|01]003| 03 1 4 9 33
Max. | 19| 16 | 14 6 3 1 1 1 2 10 11 23 62

Dusheti Ave. | 4 3 3 2 2 08|06 | 07 | 06 1 2 4 24
Max. | 15 4 6 3 5 6 3 4 6 10 42
Tianeti Ave. | 4 4 4 3 1 06 | 04 | 05 1 2 4 4 28
Max. | 10 | 16 | 13 8 5 3 6 13 17 54
Kobi Ave. | 4 5 6 7 3 5 5 4 5 53
Max. | — - - - - - - - - - - - -
Bursachiri Ave. | 12| 12 | 16 | 13 8 7 6 6 10 12 13 11 126
Max. | 25| 23 | 25 | 21 16 | 15 | 12 12 18 28 22 15 | 161
Gudauri Ave. |12 | 12 | 15 | 15 | 13 | 10 9 8 13 14 13 11 145

Max. | 24| 23 | 25 | 22 | 21 | 18 | 17 | 18 | 22 | 26 23 27 | 178
Stepantsminda | Ave. | 3 2 4 4 3 1 2 2 3 4 4 2 34
Max. | — - - - - - - - - - - - -

Jvari Pass Ave. | 13| 14 | 19 | 19 | 18 | 14 | 17 | 14 | 19 | 18 16 13 | 194
Max. |28 | 23 | 27 | 26 | 26 | 24 | 24 | 24 | 28 | 26 26 21 | 239
Kazbegi h/m Ave. | 2 3 5 9 14 | 15 | 14 | 13 12 8 6 3 104
Max. | 18 | 16 | 18 | 19 | 26 | 27 | 24 | 22 | 24 | 19 18 15 | 214

The Jvari Pass is distinguished
®
both by the average and maximum Kaz
numbers of foggy days (194 and 239 days
a year respectively), then follows
Kazbegi, Gudauri and Bursachiri. At

other stations, the maximum number of
foggy days a year does not exceed 65

Tianefi

days.

The peculiarities of the territorial
distribution of foggy days are well seen
in the Fig. 5.2.1.

The map shows that the number of TBILISI

foggy days, in addition to the absolute 0]\60
height of the loation, depends LEGEND
significantly on the orography. The hiaics ol Ry ey
i ; ; | e )
average duration of fog increases with — 00 100740 MFMM

increasing absolute height of the

location. At the Jvari Pass it reaches an

absolute maximum of a year (1903.3 h).
Gudauri is distinguished by great values of the duration of fog (1383.1 h). As for Kazbegi,

Fig. 5.2.1. Average annual number of
foggy days [2]

the average duration of fog there is twice less a year than in Gudauri and almost three times less
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than in Jvari Pass, which is due to the fact that in the Caucasus mountainous region at an
altitude above 3 km there is a decrease in cloudiness and, consequently, decrease in fog.

Thus, the number of foggy days on the Tbilisi-Zhinvali section of the highway does not
exceed 40 on average a year, on the Zhinvali-Kvesheti section it reaches 100, on the Gudauri
section it is 150, and on the Kobi-Stepantsminda section it decreases. The Zhinvali-Barisakho

section of the highway is foggy on average 60 days a year, and decreases after the pass.

5.3. Storms

Strorms with a speed equal to or higher than 15 m/sec belong to the most dangerous
weather events. The average and maximum monthly and annual numbers of strorm days for the

stations located on the territory of Mtskheta-Mtianeti territory are presented in the Table 5.3.1.

Table 5.3.1. Average and maximum monthly and annual numbers of storm days

Weather Month 5
station I 11 111 I\ A% VI VII VIII X X X1 XI1I >
Ave. 2.0 2.2 2.9 2.5 1.4 1.1 1.0 1.1 1.0 1.0 1.2 1.3 19
Thilisi
Max. 7 7 13 8 8 6 6 8 7 6 6 5 52
. Ave. 0.5 0.5 0.8 0.5 0.6 0.2 0.2 0.2 0.4 0.4 0.3 0.2 5
Dusheti
Max. 2 3 6 5 5 2 2 1 2 2 3 1 26
. . Ave. 3.2 3.5 4.3 3.8 2.7 2.2 1.9 1.8 2.3 2.8 2.1 1.9 32
Tianeti
Max. 8 10 11 12 9 8 9 8 10 10 7 6 74
o Ave. 3.7 4.1 45 3.6 3.7 4.1 3.0 3.0 25 2.7 25 35 41
Bursachiri
Max. 10 14 12 11 10 10 8 8 8 9 8 8 70
) Ave. 0.8 0.6 0.9 0.6 0.4 0.1 0.5 0.6 0.2 0.4 0.3 0.3 6
Gudauri
Max. 6 5 4 5 3 1 4 3 1 2 3 2 17
Ave. 0 0.1 0.1 0 0 0 0 0 0 0.1 0.1 0.2
Stepantsminda
Max. 0 1 1 0 1 1 0 0 1 3 1 3 8
Ave. 8.2 8.6 9.5 8.4 6.7 4.3 4.3 4.0 6.8 8.8 7.1 7.9 85
Kazbegi h/m
Max. 14 22 23 17 19 16 15 9 19 20 20 23 132

As the table shows, the average annual number of storm days per year is highest in
Kazbegi (85 days), the minimum number of storm days (WW15m / s) is recorded in
Stepantsminda (1 day), Dusheti and Gudauri and are 5 and 6 days, respectively. However, it
should be noted that the number of storm days at Tbilisi Airport is 127.

The average and maximum monthly and annual numbers of storm days in Mtskheta-
Mtianeti region do not increase along with the increase of the absolute altitude of the location.
The maximum number of days with storms is highest in Kazbegi and is 132 per year, it is
significantly less —in the other parts of the region.

A wind with a speed of more than 33 m/sec is known as a hurricane. Hurricanes pose
great damage to a number of sectors of the national economy. Hurricanes occur at Kazbegi

station all year round. There are no hurricanes (speed, blow) at Jvari Pass, while in Tbilisi the
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maximum wind speed is less than 30 m/sec throughout the year, only the blows in February,

March and December have a speed of more than 30 m/sec (34, 32 and 34 m/sec respectively) [1].

5.4. Snowstorm

A snowstorm is a dangerous meteorological event. In the mountains it increases the
danger of avalanches. It damages the functioning of all types of land transport. Traffic is
disrupted by snowstorms on highways. Snowstorm damages the plant growing. During the
snowstorm there is a natural distribution of snow cover, which leads to freezing and destruction
of farm crops. Snowstorms also interfere with the normal overwintering of cattle.

Snowstorm is typical for mountainous areas, where its formation is influenced by the
nature of the terrain and the absolute height of the place, also snow intensity and physical
properties of snow cover (Elizbarashvili, 2017). Imagination on distribution of snowstorms for

the mountainous area of Mtskheta-Mtianeti region gives the Table 5.4.1.

Table 5.4.1. Average and maximum number and average duration of

snowstorm days per month and year [3]

Weather Month 9
station VII | VIII | IX X XI XII I I 111 v A% VI ;..'3
Thilisi Aver. - - - - - - 0.2 0.1 - - - - 0.3
Max. - - - - - - 4 1 - - - - 4
Aver. - - - - 07 | 004 | 14 1.1 0.4 0.2 - - 3
dur.
Dusheti Aver. - - - - - - 0.5 0.2 0.1 - - - 0.8
Max. - - - - - - 4 2 2 - - - 4
Aver. - - - - - - 3.5 0.7 0.6 - - -
dur.
Tianeti Aver. - - - 10.03]| 02 0.3 0.1 1 0.9 0.2 - - 3
Max. - - - 1 2 2 8 6 3 2 - - 12
Aver. - - - 1004 | 16 1.6 9.1 85 4.4 1.5 - - 27
dur.
Barisakho Aver. - - - - 0.07 | 0.2 0.7 0.5 0.4 0.2 - - 2
Max. - - - - 1 3 4 2 4 2 - - 10
Aver. - - - - 0.2 0.2 1.8 2.0 3.1 0.2 - - 8
dur.
Gudauri Aver. - - - 0.4 1 2 3 3 2 0.4 - - 12
Max - - - 3 9 7 10 11 10 3 - - 31
Aver. | 0.1 - - 1.5 33 84 | 136 | 83 85 1.5 - - 45
dur.
Bursachiri Aver. - - - 0.3 0.6 2 3 3 3 07 | 008 | - 13
Max. - - - 2 4 5 7 10 8 3 2 - 26
Aver. - - - - - - - - - - - - -
dur.
Kobi Aver. - - - - 3 6 10 9 8 4 - - 40
Max - - - - - - - - - - - -
Aver. - - - - - - - - - - - - -
dur.
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Jvari Pass Aver. - - - 2 2 3 5 5 6 2 0.5 - 26

Max. - - - 4 5 7 8 14 13 5 2 - 33
Aver. - - - 75 140 | 223 | 348 | 404 | 474 | 14.7 8.4 - 184
dur.

Kazbegi h/m Aver. 1 1 6 10 9 10 11 12 14 12 9 5 100

Max. 4 4 14 | 21 23 24 20 21 21 20 18 13 | 143
Aver. 6.3 6.7 [38.1| 909 |117.8|103.0 | 128.3 | 143.8 | 141.6 | 126.7 | 93.2 |30.6| 1027
dur.

The average duration of snowstorms is greatest
in Kazbegi (1027 hrs). At Jvari Pass it is 184.5
hours, while in Gudauri it is 45.2 hours. The
territorial distribution of the average annual
number of snowstorm days is shown in the Fig.
5.4.1. The figure shows that the number of
snowstormy days on the Tbilisi-Zhinvali section
does not exceed 1 a year. From Kvesheti it
increases and reaches a maximum of 40 days on

the Gudauri-Kobi section, then it decreases to

about 5 days on the Sioni-Stepantsminda-Larsi TBILISI

section. U&Oﬂ'ﬂb
LEGEND
Average number of snowstorm days
5.5. Snow avalanches . .
C I I T
Less | S 10 20 30 More
The mountainous areas of the study region Fig. 5.4.1 Average number of
are characterized by especially strong, strong, snowstorm days per year [2]

medium and weak avalanche-dangers.

According to the researches of L. Kaldani and M. Salukvadze [4; 5] on the avalanche-
dangerous section of the Georgian Military Road, only the section that passes through the
Kaishauri plateau is not avalanche-dangerous.

Most of the roads in the weak avalanche-dangerous area are not avalanche-dangerous,
but there are some steep slopes, on which avalanches occur in abundunt snowy winters. These
avalanches, as well as some avalanches in the high mountainous zone reach the road and pose a
threat to transport.

There are three main avalanche-dangerous sections on the Georgian Military Road —
Zhinvali-Mleta, Gudauri-Kobi and Almasiani-Dariali. The first section (Zhinvali-Mleta) and the
third section (Almasiani-Dariali) are weak, and the second section (Gudauri-Kobi) is
distinguished by particularly strong avalanche- danger.

According to M.Salukvadze [5], there are 52 avalanche-catchments on the Zhinvali-Mleta
section and avalanches are expected to come down during intense precipitations. Most of

avalanches cover the road in abundant snowy winters.
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27 avalanches come down to the Almasiani-Dariali section, which completely block the
road during the intense precipitations, and the volume of snow mass brought to the road was 76
thousand m? in January 1987. There are 59 avalanche-atchmets on Gudauri-Kobi section, out of
which 41 avalanches are come out on the road. The avalanche protection tunnels and gallery on

this section fully or partially protect part of the road from only 17 avalanches.

Table 5.5.1. Distribution of avalanche-danger by area, focal surface inclination and

maximum velocity of avalanche [5]

Area Focal surface inclination Avalanche maximum velocity

Ha Amount % Degree Amount % M/sec Amount %
<0,5 46 32 <25 6 4 <20 16 11
0,5-1,0 14 10 26-30 16 11 21-30 44 30
1,1,-10,0 53 36 31-35 38 26 31-40 46 32
>10 32 22 36-40 48 33 >40 39 27

- - - >40 37 26 - - -
> 145 100 - 145 100 - 145 100

Along the Georgian military road, most of the avalanche-catchments — 31 avalanches
(45%) are with an area of less than 0.5 ha, while the surface slope is mostly 31-35° (23
avalanches), the maximum speed of 26 avalanches is 31-20 m / sec (Table 5.5.1).

Dangerous for the Georgian Military Road avalanche-catchments are located in all three

zones — low, medium and high mountainous zones. The weakest maximum impact force of the

existing avalanches is 4 t/m?, while the strongest is 97 t/m? (Table 5.5.2).

Table 5.5.2. Distribution of avalanches by maximum impact force,

avalanche cone volume, and moving avalanche height [5]

Impact force Cone volume Avalanche height

T/m? Amount % Thousand m? Amount % M Amount %
<20 16 11 <1,0 14 9 <10 24 17
21-40 35 24 1,1-15 49 34 10,1-15 29 20
41-60 31 21 15,1-25 10 7 15,1-20 22 15
61-80 33 23 25,1-100 26 18 20,1-25 50 34
>80 30 21 >100 46 32 >25 20 14
> 145 100 - 145 100 - 145 100
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The Bidara Rriver gorge is distinguished by special avalanche activity. At the village of Kobi
Bidara joins the Tergi River and it is its right tributary. At a height of 3000 m above sea level
the river gorge is represented by 10-40 m long and 20-150 m wide erosive dingles. There are 50
avalanche catchments on the section and there avalanches come down every year.

On the Georgian Military Road complex terrain is characteristic to the section of the
Pasanauri resort, which is located on the right bank of the Tetri Aragvi River, in the east of the
Mount Gurdimi (2,099 m). 7 avalanches presented on the military road, come down on the road
and threaten the movement of vehicles.

Thus, there are clear centers of 145 avalanches on the Georgian Military Road and
avalanches come down almost every year, often the travel is complicated due to the danger of
avalanches. Except the winter months, also in March and April, due to the avalanche-danger,
the travel is restricted and sometimes closed on the Gudauri-Kobi section, where it is possible
to travel after the end of the avalanche-danger period and cleaning the road from avalanche
cones. This, of course, causes inconvenience to holidaymakers during the winter resort season,
as well as to drivers, who carry their loads and have to spend many nights in their trucks in icy
weather due to the avalanche-danger.

In addition, if we analyze the avalanche-danger maps of Georgia [4; 5], we can conclude
that the Tbilisi-Zhinvali section is not avalanche-dangerous, on the following section most of
the road to Gudauri is characterized by weak and moderate avalanches, and near Gudauri there
are strong and particularly strong avalanche-dangerous zones (Gudauri-Kobi). The avalanche-
danger is gradually weakening from Gudauri in the direction of Lars. A significant section of
the road in the Zhinvali-Shatili direction is moderately avalanche-dangerous from Zhinvali and
from Shatili, while there is a strong and particularly strong avalanche-danger on the section of

the pass.
5.6. Hail

Hail is a dangerous meteorological event that often causes significant material damage; it
damages roofs and walls of houses, farm crops, vineyards, and kills livestock.

The formation and falling of hail on the territory of Georgia is determined by both frontal
and internal mass processes [6]. The main trajectories of hail processes pass over Bakuriani,
Abastuman, Gudauri and Tsivi-Gombori range [7]. Hail processes are active in the southern part
of eastern Georgia, in Kakheti, on the southern slope of the Caucasus.

In the central part of the southern slope of the Caucasus, including the study region, the
number of hail days exceeds 20 per year. Hail processes here are active in spring and the first
half of summer, from April to September, when favorable conditions for the development of
convective clouds are created. However, hail is most dangerous in June and September, when it

poses the greatest threat to agriculture (Table 5.6.1).
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Table 5.6.1. Annual number of hail days and hailfall period (months) in the

central part of the Caucasus

Observation Height Average Largest number of | Hailfall period
points a.s.l., (m) | number of days days (months)
Gudauri 2194 9 21 IT-X1
Jvari Pass 2395 6 13 IV-X
Mamisoni Pass 2854 8 20 V-X

The number of hail days is much less in other points of the study region, which is
confirmed by Table 5.6.2.

Table 5.6.2. Number of hail days per year

Weather stations | Heighta.s.l., (m) | Average number of days | Largesrt number of days
Thilisi 403 1.6 7
Dusheti 922 1.6 5
Pasanauri 1070 2.0 6
Tianeti 1099 2.9 7
Barisakho 1325 3.4 8
Stepantsminda 1744 0.6 5

Fig. Figure 5.6.1 shows the change in the number of hail days in relation to the height of

the place on the southern slope of the Central Caucasus.

Days

25

12 /.. \\. Wi
L eige~

0 1000 2000 3000 4000

Fig. 5.6.1. Changes in the annual number of hail days according to altitude on the
southern slope of the Central Caucasus: 1- Average number of days;

2-Largest number of days [8]

Fig. 5.6.1 shows that the increase in hailfall continues up to the height of 2,500-2,800 m, and

then it decreases.
The average annual number of hail days for Mtskheta-Mtianeti region is 1.8, however, the most
dangerous in regard to hailfall is the Gudauri zone, where, as we have seen, the average number of hail

days is 9, and the largest number is 21.

167



The hail intensity depends on the size of the hail and the duration of the hailfall. The diameter of
hailstones varies widely from a few millimeters to several centimeters. The larger the size of the
hailstone, the stronger the effect. For example, hailstones larger than 5 ¢cm in diameter have a very
strong, catastrophic effect. As a hailstone size decreases, the impact effect decreases, and hailstone less

than 5 mm in diameter has a weak effect (Table 5.6.3).

Table 5.6.3. Hailfall intensity [8]

= 2o o
£1sE|%. 3
“ s g | EE 5
i g % S 5 8 Possible damage and loss
g g B ® & 8,
s1agEl8 ° g
5 2| = ~
1 5 1 Very weak | Farm crops and leaves of trees are partially damaged
< <
Orchards, vineyards, grain crops and other farm crops are
2 6-10 1-5 Weak )
noticeably damaged
A Greenhouses and windows of buildings and vehicles are
verage
3 | 11-20 | 6-10 & damaged, roofs of buildings are partially damaged, orchards,
vineyards and grain crops are damaged.
Crops are completely destroyed, roofs of houses are drilled,
Strong windows of buildings and vehicles are broken, domestic
4 | 21-50 | 11-50 . ) ) . o
birds and livestock are killed, walls of brick buildings are
damaged, there is a risk of damage to light aircrafts.
Yield of farm crops, farm crops and pastures are completely
destroyed. Wooden buildings are destroyed, brick buildings
5 >50 >50 | Very strong | are quite damaged, aircraft and car bodies are damaged, roofs
of some buildings are destroyed, domestic animals are killed,
there is a risk of human casualties.

It should be noted that the given scale of hail has a rather general character. If hail is
accompanied by storms and snowstorms, the degree of damage to agricultural crops, buildings
and vehicles is much higher. At this time, even small hailstones, such as hail with 1-2 points
intensity, can cause the same damage as hail with 3 or more points intensity . Large hailstones
combined with storms and snowstorms can cause catastrophic consequences, both economic
and humanitarian (destruction of houses, vehicles, electrical transmission lines, killing of
domestic birds and animals, human casualties, etc.). Large hailstone can bring more severe
consequences if it is accompanied by intense torrential rains, which carries the risk of floods,
landslides and mudflows.

Most often hail damages by100% the area of 1-5 km? (37%) and the area of less than 1km?
(34%). The area of more than 5 km? is damaged by 100% in less than 30% cases. The area of 5-
50 km? is completely damaged in 26% of cases [7].
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The duration of 60% of hail events is less than 5 minutes, and the duration of 80% — is less
than 10 minutes. The repeatability of a hailfall lasting more than half an hour is only 3%, and
the repeatability of a hailfall lasting more than an hour is less than 1%. Based on these data, the
average duration of hailfall is 9 — 10 minutes [7].

Hailfall is possible at any time of the day, however, mostly it occurs in the seond half of
a day, mostly in the afternoon or evening hours. In about 80% of cases, hail falls between 12:00
and 21:00 hours. The greatest probability of hail corresponds to the period from 15 to 18 hours
(37%), from 12 to 15 hours there are 26% of cases. During the night hours, from 24 to 06 hours,
the probability of hail is only 5% [7].

5.7. Floods and flash floods

Among the natural hydrometeorological events recorded in the study area, the most cases
are floods and frash floods, which cause significant economic losses and often human casualties.
The situation is especially aggravated when there are floods and frash floods or a combination of
several natural processes and anthropogenic factors. It should be noted that in recent decades,
against the background of climate change, there is a clear tendency to increase the frequency
and intensity of natural hydrometeorological events, especially the number of floods and frash
floods. In the study region, the communities of Dusheti municipality are distinguished from the
settlements that are particularly vulnerable to floods and frash floods, they are: Magharoskari,
Kvesheti, and Khevsureti [9]. Here, the risk of frash floods within the Aragvi River basin is high

[9].

Fig. 5.7.1. Aragvi River gorge (Dusheti Municipality)

In recent years, several important natural hydrometeorological events have been observed
in the study area, which are briefly described below:

On 06.06.2005, frash flood was observed in Dusheti municipality, which destroyed and
damaged 42 houses, the water swept away cattle, vehicles, destroyed the drinking water main
structure and other infrastructural facilities.

Abundant atmospheric precipitations fallen in the months of June 2010 and 2012 caused

the Aragvi River to overflow, which created problems for the population living in Zemo Mleta
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and the infrastructure in the village. A large-scale development of the disaster also took place in
June 2022.

Fig. 5.7.2. Zemo Mleta Village, June 2022

On June 26, 2022, due to torrential rains and abundant precipitations late at night, on the
136th kilometer (neutral zone) of the internationally important Mtskheta-Stefantsminda-Larsi
highway, an 80-meter section of the road was damaged as a result of the Tergi river flooding,
and the customs checkpoint "Kazbegi" temporarily stopped working due to emergency situation.
As a result of heavy rainfall, the flooded Tergi River damaged a section of the road of
international importance connecting Georgia and Russia near the border of the Russian

Federation.

[10]

As a result of the intensive cleaning works of the road infrastructure, traffic was restored
on the 136th kilometer of the Mtskheta-Stefantsminda-Larsi highway of international

importance in a few days.
References:

[1] E. Sh. Elizbarashvili, M. E. Elizbarashvili (2012). Natural meteorological phenomena
on the territory of Georgia. Hydrometeorological Institute Press, P/H Zeon, Thbilisi,
104 p.

170



Climatic and Agroclimatic Atlas of Georgia (2011). Hydrometeorological Institute
Press, Thilisi, 120 p.

R. Samukashvili (2015). Radiation regime of the territory of the Caucasus and
helioenergy resources. "Universali", Tbilisi, 339 p.

L. Kaldani, M. Salukvadze (2015). Snow avalanches in Georgia. Hydrometeorological
Institute Press, Thilisi, 167 p.

M. Salukvadze (2019). Risk of avalanches and the possibility of implementing anti-
avalanche measures in the mountainous regions of Georgia. Hydrometeorological
Institute Press, Thilisi, 159 p.

Gigineishvili V.M. (1960). Hailstorms in Eastern Georgia. Leningrad,
Gidrometeoizdat, 123 p.

Sulakvelidze G.K. (1967). Heavy rainfall and hail. Leningrad, Gidrometeoizdat, 412 p.
E. Sh. Elizbarashvili, A. G. Amiranashvili,O. Sh. Varazanashvili,N. S. Tsereteli, M. E.
Elizbarashvili,S. E. Elizbarashvili, M.G. Pipia (2014). Hailstorms in the Territory of
Georgia. European Geographical Studies. Vol.(2), Ne 2, pp. 55-69.

Irakli Megrelidze (2021). Assessment of natural hydro-meteorological events in

Georgia considering climate change. Thesis, TSU, 121 p.

[10] https://www.facebook.com/MckhetaMtianeti

171



CHAPTER 6

Zoning (regionalization) of the study area according to the

natural hazard categories
6.1. Introduction

The study area includes the 250-km section of the Mtskheta-Zhinvali-Stepantsminda-
Larsi and Zhinvali-Barisakho-Shatili-Mutso highways, where, as a result of desk and field
studies, the areas of occurrence of geological and hydrometeorological processes were identified.
On the mentioned 250 km section of highways, as given in Chapter 3, landslides, mudflows,
rock-avalanche-rock-fall processes and snow avalanches dominate, while erosive processes
(ravine erosion, washing of river banks) were observed in 17 areas. The distribution of
geological and hydrometeorological processes on the 250 km section of the mentioned

highways is shown in the Fig. 6.1.

Erosion (lateral, deep _
water) '
7%

Landslide

Snow 18%

avalanche"
13%

Fig. 6.1. Distribution of Geological and hydrometeorological events
along the 250 km section of Mtskheta-Zhinvali-Stepantsminda-Larsi and
Zhinvali-Zhinvali-Barisakho-Shatili-Mutso roads

Among the processes identified along the Mtskheta-Zhinvali-Stepantsminda-Larsi highway,
mudflows, landslides, rock-avalanche and rock-fall processes and snow avalanches are worth of
special attention, the percentage distribution of which is shown in the Fig. 6.2.

Among the identified processes along the Zhinvali-Barisakho-Shatili-Mutso highway,
mudflows, landslides, rock-avalanche and rock-fall processes and snow avalanches are worth of
special attention, the percentage distribution of which along the mentioned higheay is given in
the Fig. 6.3.
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Fig. 6.2. Distribution of Geological and Fig. 6.3. Distribution of Geological and
hydrometeorological events along the hydrometeorological events along the
Mtskheta-Zhinvali-Stepantsminda-Larsi Zhinvali-Barisakho-Shatili-Mutso road section

road section

6.2. Zoning (regionalization) of individual road sections according to the natural hazard

categories

Based on the data of field works and historical (fund) materials, the zoning
(regionalization) of study area was carried out according to the natural hazard categories. The
target area was divided into sections and corresponding maps were prepared for each area (see
Annexes).

Section 1 — Mtskheta Town — Zhinvali Townlet vicinities (distance about 28 km). In the
section, areas of occurrence of mudflow processes were observed, of which the Lazviantkhevi
River, the Dushetis-Khevi River and the Potekhevi River are worth mentioning, which are
characterized by periodic activation and pose a threat to the road and various infrastructure
facilities (Fig. 6.4-6.5).

There are 1-3 days with abundant atmospheric precipitations on average per year here,
the number of foggy days reaches 40, and snowstorms are rare.

The section mainly belongs to the low hazard category, while its small part belongs to the

high and average hazard categories (Annex 4).

Fig. 6.4 Dushetis-Khevi River Fig. 6.5 Potekhevi River

173



Section 2 — Zhinvali Townlet — Ananuri Village — Chartali Village (21 km). On the section,
the areas of occurrence of alluvial and rock-avalanche-rock-fall processes were observed. The
gorges of the rivers of Arkala, Didi Jakha and Patara Jakha, Dgnali, Meneso and Sondi are
characterized by the activity of mudflow processes. Rock-avalanche-type landslides and rock-
falls are developed In the vicinity of the Aranisi Village, as well as on the section of the
Meneso-Sonda-Chartali road (Fig. 6.6).

There are 3-4 days with abundant atmospheric precipitations on average per year here,
the number of foggy days reaches 60, and snowstorms are rare.

The section mainly belongs to the high and average hazard categories, while its small part

belongs to the low hazard category (Annex 5).

Fig. 6.6. Rock-avalanche and rock-fall areas on the Zhinvali Townlet-

Chartali Village road setion

Section 3 — Chartali Village — Pasanauri Townlet — Zemo Amirni Village (17 km). In the
process of field studies, areas of occurrence of mudflow and landslide-gravitational processes
were identified on the section. The Chartliskhevi River is characterized by the activity of
mudflow processes, as well as the Mugudaskhevi River, dry ravines in the Pasanauri Townlet
and the ravine in the Zemo Amirni Village and Kvemo Amirni Village (Fig. 6.7-6.8).

There are 4 days with abundant atmospheric precipitations on average per year here, the
number of foggy days is 40- 60, and snowstorms are rare. The mentioned processes periodically
pose a threat to the infrastructural objects on the section.

The section mainly belongs to the high and average hazard categories (Annex 6).

Fig. 6.7. Mudflow gorge of the Fig. 6.8. Landslide process on the Chartali
Chartliskhevi River Village-Zemo Amirni Village road section
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Section 4 — Chokhelni Village — Kvesheti Village — Arakhveti Village (12 km). During the
field research, the areas of the occurrence of mudflow processes were mainly observed in the
section. The rivers of Chokhis-Khevi, Nadibaaniskhevi, Naghvareviskhevi, Kveshetiskhevi and
dry ravines in the Arakhveti Village are characterized by the activity of mudflow processes (Fig.
6.9-6.10).

On the mentioned section, there are 5-10 days with abundant atmospheric precipitations
on average per year, the number of foggy days are 60-100, and 5 days are observed with

snowstorms. The section mainly belongs to the high and average hazard categories (Annex 7).

Fig. 6.10. Mudflow ravine at the
Chokhis-Khevi River Naghvarevi Village

Section 5 — Arakhveti Village — Mleta Village — Gudauri Townlet — Almasiani Village (30
km). During the field research, the areas of occurrence of mudflow and landslide-gravitational
processes and snow avalanches were mainly observed in the section (Fig. 6.11-6.12-6.13). The
section of the Gudauri-Kobi road is in the active avalanche-hazard zone. The village of
Arakhveti and the area adjacent to Zemo and Kvemo Mlea are characterized by the activity of
mudflow processes on the section of Mleta.

There are aboutl0 days with abundant atmospheric precipitations on average per year
here, the number of foggy days reaches 200, and about 30 days are observed with snowstorms.
Hail is frequent, the number of hail days per year may exceed 20.

The section mainly belongs to the high hazard category; relatively small area belongs to

the average hazard category (Annex 8).

Fig. 6.11. Landslide are across the Fig. 6.12. Snow avalanche occurrence

Kvemo Mleta Village area on the Gudauru-Kobi road section
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Fig. 6.13. Mudflow ravines on the Gudauri-Kobi road section

Section 6 — Kobi Village — Sioni Village — Arsha Village (13 km). During the field studies,
areas of occurrence ofmudflow and landslide-gravitational processes were mainly observed in
the section. The right unnamed tributaries of the Tergi River and the Terkhena River are
characterized by the activity of mudflow processes (Fig. 6.14).

Here, too, there are 10 days with abundant atmospheric precipitations on average per year,
the number of foggy days — about 200, and 40 days — with snowstorms.

The section mainly belongs to the high hazard category; relatively less area belongs to the

average hazard category (Annex 9).

]

Fig. 6.14. Mudflow ravines on the Kobi Village-Arsha Village road section

Section 7 — Arsha Village — Pansheti Village — Stepantsminda Townlet — Larsi (17 km).
During the field research, mudflow and landslide processes, as well as the rock-avalanche and
rockfalls were mainly observed in the section. Active rock-avalanche and rock-fall processes are
developed in the Stepantsminda-Tsdo-Gveleti section (Fig. 6.15). The mudflow processes are
mainly developed in the tributaries of the Tergi River (Chkhere, Kuroshkevi, Amali-Devdoraki,
Khetitskali and others).

There are 5-10 days with abundant atmospheric precipitations on average per year here,
the number of foggy days are 10-20, and number of days with snowstorms reaches 20.

The section mainly belongs to the high and average hazard categories (Annex 10).
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Fig. 6.15. Rock-avalanche and rock-fall areas on the Stepantsminda-Larsi road section

Section 8 — Zhinvali Townlet — Gudruhi Village — Khiliana Village (23 km). During the field
research, mainly mudflow, rock-avalanche and rock-fall processes were observed in the section
(Fig. 6.16), which are developed on the left slope of the Pshavi’s Aragvi River, while the
mudflow processes are recorded in the gorges of the Gudrukhiskhevi, Tvaliura and Sharakhevi
Rivers and left unnamed tributaries of the Pshavi’s Aragvi River (Fig.6.17).

Here, there are 3-4 days with abundant atmospheric precipitations on average per year,
the number of foggy days reaches 60, and 5 days are observed with snowstorms.

The section mainly belongs to the high and average hazard categories, while its small part

belongs to the low hazard category (Annex 11).

fap=

Fig. 6.16. Rock-fall area near the Fig. 6.17. Mudflow gorge of the
Gudrukhiskhevi River Sharakhevi River

Section 9 — Khiliana Village — Vanhevi River (17 km). During the field research, mudflow
and landslide processes were mainly observed in the section, as well as rock-avalanches and
rock-falls (Fig. 6.18-6.19). Areas of snow avalanches and washing of river banks were identified
in several locations.

There are 10 days with abundant atmospheric precipitations on average per year here, the
number of foggy days reaches 60, and 5 days are observed with snowstorms.

The section mainly belongs to the high and average hazard categories (Annex 12).
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Fig. 6.18. Landslide section near the Fig. 6.19. Landslide section in the Kapchura
Katsalkhevi River River gorge

Section 10 — Kishkhevi River — Roshkitskali River (18 km). During the field research,
mainly mudflow, rock-avalanche and rock-fall processes were observed in the section (Fig.
6.20). Active mudflow processes are developed in the gorges of the right unnamed tributaries of
the rivers of Buchukurta, Okherkhevi and Khevsureti's Aragvi.

There are 4-6 days with abundant atmospheric precipitations on average per year here,
the number of foggy days reaches 60, and 5 days are observed with snowstorms.

The section mainly belongs to the high and average hazard categories (Annex 13).

Fig. 6.20. Rock-avalanche type landslide and erosion proesses

near the Barisakho Village

Section 11 — Roshkistskali River — Biso Village — Datvisjvari Pass (Gudanischala River gorge)
(24 km). In the section (Gudanischala River gorge),mudflows landslides, rock-avalanche and
rock-fall processes are mainly observed (Figs. 6.21-6.22), as well as snow avalanches in the
Datvisjvari pass.

Here, too, there are 4-6 days with abundant atmospheric precipitations on average per
year, the number of foggy days reaches 60, and 10 days are observed with snowstorms.

The section thoroughly belongs to the high hazard category (Annex 14).
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Fig. 6.21. Landslide section near the Fig. 6.22. Landslide section on the

Gudani Village Datvisjvari Pass

Section 12 — Lebaiskari Village — Kistani Village — Shatili Village — Mutso Village (gorges of
the Arghuni and Andaki Rivers) (30 km). In the section (Arghuni and Andaki River gorges),
mudflows, landslides, rock-avalanch and rock-fall processes are observed, as well as the areas
with snow avalanches and washing of river banks (Fig. 6.23).

There are 4-6 days with abundant atmospheric precipitations on average per year here,
the number of foggy days reaches 60, and 20 days are observed with snowstorms.

The section mainly belongs to the high and average hazard categories (Annex 15).

Fig. 6.23. Landslide and erosion processes on the Shatili Village — Mutso Village road section
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Appendix 4. Zoning of Mtskheta town — Zhinvali townlet road section

according to the natural hazard categories
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Appendix 5. Zoning of Zhinvali townlet — Ananuri village — Chartali village

road section according to the natural hazard categories
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Appendix 6. Zoning of Chartali village — Pasanauri townlet — Zemo Amirni village

road section according to the natural hazard categories
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Appendix 7. Zoning of Chokhelni village — Kvesheti village — Arakhveti village

road section according to the natural hazard categories
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Appendix 8. Zoning of Arakhveti village — Mleta village — Gudauri townlet —

Almasiani village road section according to the natural hazard categories
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Appendix 9. Zoning of Kobi village — Sioni village — Arsha village

road section according to the natural hazard categories
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Appendix 10. Zoning of Arsha village — Pansheti village — Stepantsminda townlet — Larsi

road section according to the natural hazard categories
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Appendix 11. Zoning of Zhinvali townlet — Gudrukhi village — Khiliana village

road section according to the natural hazard categories
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Appendix 12. Zoning of Khiliana village — river of Vankhevi

road section according to the natural hazard categories
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Appendix 13. Zoning of Kishkhevi River — river of Roshkistskali

road section according to the natural hazard categories
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Appendix 14. Zoning of Roshkistskali River — Biso village — pass of Datvisjvari

(Gudanischala River gorge) road section according to the natural hazard categories
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Appendix 15. Zoning of Lebaiskari village — Kistani village — Shatili village —
Mutso village (gorges of the Arghuni and Andaki Rivers) road section

according to the natural hazard categories
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