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EVOLUTION OF THE NEOPROTEROZOIC-

PALEOZOIC CRYSTALLINE BASEMENT OF 

GEORGIA (SW CAUCASUS) 
 

1SH. ADAMIA, 1G. ZAKARIADZE, 2T. CHKHOTUA 

1 Javakhishvili Tbilisi State University, M. Nodia Institute of 

Geophysics 
2Javakhishvili Tbilisi State University, A. Janelidze Institute of 

Geology 

 

Numerous blocks of peri-Gondwanan affinity are recog-

nized in the crystalline basement of the European Hercynides, 

which is one of the fundamental features of the Hercynian belt. 

The detachment of blocks (terranes) from the northern Gond-

wanan margin started during the Middle to latest Ordovician, 

when the Paleo-Tethys basin started to open. Thus, identifyca-

tion and study of the peri-Gondwanan terranesincluded in the 

vast Hercynian belt reveals the evolution of active Gondwanan 

margin in the Neoproterozoic and earliest Paleozoic, as well as 

the evolution of the Proto-Tethys and Paleo-Tethys Oceans. In 

this respect, Neoproterozoic-Cambrian terranes and associated 

younger (pre-Upper Carboniferous) crystalline complexes are 

of special interest.  

The region of the Caucasus is subdivided in two large 

geological provinces. The Southern Province represents a peri-

Gondwanan block. Pan-African tectonic events are clearly-

shown, followed during the whole Paleozoic by accumulation 

of predominantly shallow water marine deposits, carbonate and 

terrigenous clastic sediments. 

The Northern Province (area of the Caucasian Hercyni-

des) is characterized by extensive manifestation of Paleozoic (in 

particular Hercynian) tectono-magmatic events, suprasubducti-

on type magmatism, strong regional metamorphism and empla-

cement of granites. Rocks of the Late Proterozoic-Paleozoic 

oceanic basins of the region, as a rule, tightly associate with 
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granite-gneiss-migmatite complexes of Precambrian (Southern 

Province) and Precambrian-Paleozoic (Northern Province) age. 

The boundary between noted provinces coincides with 

Northern Anatolian (Izmir-Ankara-Erzincan)-Lesser Caucasus 

(Sevan-Akera) ophiolite belt.  

The Caucasus Mountains contain numerous fragments of 

oceanic type lithosphere, usually significantly dismembered and 

metamorphosed. The exposures of metamorphosed accretionary 

mafic complexes are known in the Transcaucasus and along the 

southern edge of the granite-gneiss core of the Great Caucasus.  

The Loki, Khrami and Dzirula salient of the basement of 

the Transcaucasus are mainly composed of Variscan granitoids. 

Relatively small outcrops of differently tectonized and meta-

morphosed basic and ultrabasic rocks are generally associated 

with pre-Cambrian – Early Paleozoic gneissose diorites and 

plagiogranites. 

The Loki basement,evidently, was formed during the La-

te Proterozoic-Late Paleozoic. The metabasites, apparently, re-

present Prototethyan fragments. The salient is composed main-

ly of Late Paleozoic granitoids whose ages were established by 

K-Ar, U-Pb and Rb-Sr methods as 320-370 Ma. The E-MORB 

type basalts were established in the basement of the Loki sali-

ent delineating a relatively high-Ti compositions, relatively en-

riched in REE and LREE. These basalts have higher Th/La, 

Th/Sm, Th/Yb and Zr/Y ratios in comparison with the average 

N-type MORB.  

The Khrami salient is made up mainly of Late Paleozoic 

(Variscan) granites. Plagiogneisses and migmatites occupy a 

limited part and bear small bodies of metabasites and serpenti-

nites. Samples taken from migmatites reworking a grano-diori-

tic protolith represent a well preserved protolith age with a 
238U-206Pb weighted mean age of 474±3Ma. The rim analyses 

cluster on a concordant age of 343±2Ma. Three data points plot 
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in between these two age groups and likely reflect an interme-

diate component between the rim and core ages [1,2]. 

The mafic-ultramafic rocks of the Paleooceanic associa-

tion of the Hercynian Transcaucasian massif are found mainly 

within the Tectonic Mélange Zone of the Chorchana-Utslevi 

cropping out along the eastern edge of the Dzirula salient. Until 

recently, the mafic-ultramafic association of the mélange zone 

has been interpreted as a dismembered Late Proterozoic– Early 

Paleozoic oceanic complex, and the associated phyllite slices as 

fragments of the sedimentary cover of this Paleooceanic base. 

Dated paleontologically the phyllite slices show however rather 

wide spread of ages from Cambrian to Late Devonian. Zircons 

of metabasalt were studied to obtain magmatic ages and isoto-

pic fingerprints of the source material. Two age groups of zir-

cons were established: 460-480 Ma, and 423.7 Ma. Central 

parts of the analyzedzircon grains from an Underformed I-type 

biotite-bearing granite that intruded the Georgian crystalline 

basement reflect the crystallization age of the granite with an 

upper intercept age of 335±8 Ma. The rimanalyses cluster to-

wards slightly younger ages (315-325 Ma), which may reflect 

the duration of magmatic cooling in a HT-LP [1,2].  

Mayringeret al. [3] offered another new geochronological 

study of theDzirulagranites, tonalite-granodiorites and metape-

lites. In microcline granites late Paleozoic ages prevailed. Ho-

wever, vast variations in age values werealso observed: 2392 ± 

37 Ma, 1840 ± 40 Ma, 1538 ± 26 Ma, 1441 ± 24 Ma, 804 ± 10 

Ma, 691 ±12 Ma, 638 ± 12 Ma, 594 ± 11 Ma, 593 ± 11 Ma, 

and 584 ± 10 Ma. In some cases, thexenocrysts showed zones 

of differing ages (e.g., 879 ± 16 Ma vs. 313 ± 6 Ma; 816 ± 15 

Mavs. 320 ± 5 Ma). Likewise, paraplagiogneisses and parapla-

giogneisses intensely injected bygranites, show wide scattering 

in age: 1218 ± 38 Ma, 552 ± 14 Ma, and 538 ± 18 Ma; 972 

±40, 528 ± 12 Ma, and 525 ± 14 Ma; 537 ± 14 Ma and 334 ± 8 

Ma; 1954 ± 34 Ma and 719 ±13 Ma. 
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The occurrence of the oldest xenocrystic zircons in man-

tle-derived igneous rocks favors the interpretation that zircon 

xenocrysts resided in the mantle and were entrained when this 

mantle was melted to form juvenile crust [4]. 

The southernmost strip of the crystalline core of the Gre-

at Caucasus is represented in Georgia by thrust slices of metao-

phiolites. Composition of the Paleozoic metaophiolitic comp-

lexes corresponds to that of oceanic spreading centers (T-type 

MORB) and suprasubduction zones (immature arc-back-arc 

associations). The presence of crinoidea and bluish-green algae 

in marbles of the Laba Group indicates a post-Ordovician 

Early-Middle Paleozoic age of the rocks. 425 Ma SHRIMP da-

ting of zircons from amphibolites, intruded by orthogneisses, 

showsthat the rocks are not younger that Middle Silurian. Rb-

Sr isochrone dating of potassium-spar granites (Ullukam comp-

lex – the central part of the Main Range Zone) gave values 

from 280 up to 300 Ma; K/Ar dating demonstrated an interval 

of 290-320 Ma [5]. 
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RESULTS OF THE REMOTE SENSING                

(UPPER SVANETI) 
 

K. BENASHVILI, D. BLUASHVILI, SH. JANASHVILI 
Georgian Technical University, Tbilisi, Georgia 

 

In recent years, the advanced countries have been succe-

ssfully employing the remote sensing in their scientific work. 

The remote sensing is a high technology method of collecting 

and interpreting information without physical contact with an 

object. Nowadays all fields of science studying the Earth use 

the remote sensing method. In geology this method is applied 

on the whole for examining structures and mineral resources of 

the Earth. The remote sensing of the investigated territory has 

been carried out according to the satellite Aster system.  

Aster is an instrument for visualization with the scope of 

60x60 km2, has a spectral bands VNIR (visible near infrared-

15m), SWIR (short wave infrared-30m) and TIR (thermal inf-

rared-90m). With these spectral diapasons on the studied terri-

tory we can define structures and areas enriched with various 

ore deposits while consequently may become the objects of de-

tailed geological investigation. The territory we have investiga-

ted includes the Upper Svaneti in coordinates zone 38, UTM, 

WGS 84, and for that we have made use of 4 Aster images. 

These 4 Aster images of given coordinates have been examined 

and several investigations have been carried out. As mentioned 

above, data from Aster have three spectral bands. To obtain full 

volume of data these spectral bands were put one over the other. 

Further on the data from Aster were dealt the with by means of 

atmospheric correlations to elicit the presence of dampness and 

particles which could negatively influence the analysis. Then 

we conducted georeferencing of the satellite images into the 

basic data system UTM and WGS 1984. Following the initial 

processing of the remote sensing, we employed concrete inter-
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national standards and specific algorithms to examine the struc-

tures [1]. 

Conducted investigations led to distinguishing the hydro-

thermally altered zones and for the first time the models of 

fault structures were represented as single as well as entire 

models clearly pointing out to what structures the gold minera-

lization occurrences related. Besides structures, we defined 

geochemical anomalies and their distribution halos (fig. 1). 
 

 
 

Fig. 1. Teraa Aster Alteration Map of the Study Area 
  

The remote sensing data we have obtained and the data 

from the earlier investigation [2, 3] prove that in fact the remo-

te sensing data replicate the existing occurrences contours. 

However, because of applying this method, we have discovered 

some gold occurrences unknown until now and worth attention. 
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FOR THE ISSUE OF THE METALLOGENIC 

SPECIALIZATION OF COPPER-POLYMETALLIC 

PROFILE ORE BEARING MEGA SYSTEM OF THE 

CAUCASUS LOWER-MIDDLE JURASSIC SHALE-

TERRIGENOUS BELT 
 

G. BENIDZE 
I. Javakhishvili Tbilisi State University A. Tvalchrelidze Caucasian 

Institute of Mineral Resources, Tbilisi, Georgia. 

 

The major part of the Caucasus Lower - Middle Jurassic 

shale-terrigenous belt covers the territory of Georgia. In the 

northwest it extends to the territory of Russia, and in the 

southeast to Chechnya-Ingushetia, Dagestan and Azerbaijan 

areas.  

Formation of the shale terrigenous belt is connected to 

the action of Caucasus Jurassic Marginal Sea. It is built of the 

lower-Middle Jurassic extensively deployed terrigenous rock 

masses, which consist of early alpine volcanism products and 

copper-polymetallic profile mineralization of different types 

which are united within the common ore bearing mega system.  

Caucasian shale terrigenous belt and the ore bearing me-

ga system related to it are divided into the western, central and 

eastern segments according to the tectonic and ore-geological 

peculiarities. 

Within these segments, the mega system includes the va-

rious processing of ore bearing systems, which were formed in 

the in pre-collision (spreading) and syn-collision (collisionnal) 

periods of evolution of the Jurassic marginal sea. Correspon-

dingly, spreading (syn-sedimentation) and collision (post-sedi-

mentation) ore bearing systems are distinguished [1]. 

Process of spreading is detected with various intensity in 

different parts of Jurassic Marginal Sea on different stages of 

its development, which is caused by the transformation inten-

sity of oceanic subducted slab and depth variation of invasion 
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of the mantle diapir, according to the different types of volca-

nic activity in time and space. Three stages of formation of 

spreading zones and related stratiform-pyrite ore generation are 

distinguished: Sinemurian-Early Pliensbachian, Upper Pliens-

bachian-Lower Toarcian and Aalenian-Early Bajoscian, which 

correspond to the ore bearring series of same ages, their synch-

ronic magmatic formations and stratiform-pyrite ores [2]. At 

the same time, ore formation is connected with basaltic compo-

nents of the mentioned  formations. 

Primary stratiform ores related to the spreading ore bea-

ring systems typically are sulfur-pyrite types. An exception is 

the giant pyrite-polymetallic reservoir of Philizchai deposits, 

where stratiformic (exhalative-sedimentary) component level 

in the polichronic combined ores are confirmed with the struc-

tural-geological and mineralogical-geochemical research. 

Within the different segments of the mega system, differ-

rent intensity of spreading ore bearing systems is detected. They 

are most fully represented in the eastern segment. In the central 

and western segments only Late Pliensbachian-Early Toarcian 

spreading ore bearing system is identified [1]. Besides, these 

systems are characterized with varying intensity of ore capa-

city. Spreading system of the Sinemurian-early Pliensbachian 

stages is characterized with only stratiformic sulfur-pyrite ores 

of Katsdagi deposit. Pilizchay pyrite-polymetallic ore body, 

stratiform-pyrite sulfur-pyrite deposits of Sagatori (Jikhikhi), 

Adange, Zeskho, as well as the same small orebodies in the 

eastern and western segments of the mega system are connec-

ted with the most abundant Late Pliensbachian-Early Toarcian 

Spreading system. Katekhi and Kizildere deposits, as well as 

stratiformic sulfur-pyrite ores of several small ore manifestati-

on are localized within the Aalenian-Early Bajocian processing 

spreading ore bearing systems. 

Collision ore bearing systems are revealed in most pyrite 

ore bodies related with spreading systems, and more broadly 
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with the form of veinlets and veinlets-impregniated mineraliza-

tion in the Lower-Middle Jurassic terrigenous rock masses. 

Their generation-functioning starts from the Late Pliensba-

chian-Early Bathonian footstep of con-sedimentation folding. 

Hydrothermal-metamorphogenic stage of ore generation is asso-

ciated with the first generation collision ore bearing systems. 

At the time the metal consisting hydrothermal solutions with-

out Sulfur (or with poor sulfur) in the earliest pyrite deposits 

transformed the pyrite metamorphogenically into pyrrhotite 

and coagulated chalcopyrite often with sphalerite. A similar 

process based on the pyrite veins was causing the copper-pyr-

rhotite vein shaped ore formation into the terrigenous and igne-

ous rocks. A later post-Bathonian (pre-Callovian) folding proc-

ess provoked new stage of the hydrothermal process – stimu-

lation of the second generation ore bearing system, as a result 

of which the polymetallic sulphidisation of primary stratiform-

pyrite ores, as well as formation of the pyrite-polymetallic and 

lead-zinc vein shaped mineralization occurred. 

Earlier stratiform-pyrite deposits are transformed into po-

lygenic and polychronic inherited stratiform-pyrite bodies as a 

result of the overlapping epigenetic ore mineralization. Diffe-

rent processing collisional ore bearing systems are detected 

with varying intensity in a variety of ore fields measuring their 

sub formational belonging and the nature of metalorgenic 

specialization. The table created according to the materials of 

Azerbaijan and Dagestan geological institutions, lists data on 

copper, zinc and lead reserves on the explored pyrite deposits 

within the study area of the eastern part of mega system. This 

table shows a variety of scale and sub formational belonging 

pyrite deposits associated with the different ages of ore bearing 

series. The largest is the Pilizchai pyrite-polymetallic deposit, 

localized in Upper Pleinsbachian-Lower Toarcialore bearing 

series in which copper, lead and zinc reserves in total are over 

5.0 ml. t.   
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Table 1 

Sub formation systematics of the explored pyrite ore formation 

of the eastern segment of Lower-Middle Jurassic shale-terrige-

nous belt of the Caucasus according to the Cu, Zn and Pb 

reserves 
 

Deposits 

Ore 

bearing 

series 

Ore reserves with 

B+C1+C2 categories. 

Thousands of tons. 
Ratio 

Cu: Zn:Pb 
Sub Formations 

Cu Zn Pb 

Katsdagi I1S+P1 17.3 99.3 36.0 0.5: 3: 1 
Pyrite-pyrrhotite- 

polymetallic 

Pilizchai I1P2+t1 652.6 3368.2 1281.4 0.5: 3: 1 
Pyrite-

polymetallic 

Sagatori I1P2+t1 203.9 231. 0 - 1: 1: 0 
Pyrite-pyrrhotite-

zinc-copper 

Katekhi I2a+bj1 16.2 176.9 190.0 1:11:12 Pyrite-zinc 

Kizil- dere I2a+bj1 1312.9 131.6 - 10: 1: 0 
Pyrite-pyrrhotite-

copper-zinc 

 

Uneven distribution of the main ore components in depo-

sits draws attention, which was reflected in their sub formatio-

nal systematic. In these deposits, excluding Kizildere, zinc and 

lead quantities usually exceed that of copper. This characte-

ristic is most clearly expressed in Pilizchai deposit, where zinc 

and lead total reserve is seven times larger than copper reserve. 

On the other hand, zinc is almost three times more than the 

lead. Although the activity of collision ore bearing systems is 

clearly expressed on this field with copper-pyrrhotite minerali-

zation superimposed on the stratiform-pyrite ores and second-

dary polymetallic mineralization, the colossal reserves of cop-

per, and especially lead and zinc, are mainly caused by the pri-

mary exhalative-sedimentary ore bearing processes. The gold as 

well probably must be associated with the primary, sinsedi-

mentaly generated galena, which is calculatedat about 53.5 tons 

in the Pilizchai deposit. Gold mineralization is not revealed on 

the other deposits mentiond in the table. 
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Unlike Pilizchai deposits, on the Zeskho pyrite-pyrrhotite 

-copper-zinc (central segment) - and Adange pyrite-pyrrhotite-

polymetallic (western segment) fields, related to the same pro-

cessing (I1P2+t1) spreading ore bearing system, the leading 

component is copper, so zinc and lead are subordinated compo-

nents. 

Within the Lower-Middle Jurassic rock masses of the 

Caucasian shale terrigenous belt, copper-polymetallic veinlet 

mineralization related to the collision ore bearing systems is 

widespread. The pyrrhotitic phase of the hydrothermal-meta-

morphogenic ore generation is related to the first generation 

ore bearing system, which have been revealed with productive 

pre-mineralization quartz-pyrite veins or cracking rocks and 

brecciated zones in light of the initial stages by the copper-

pyrrhotite-, while on the final stages by the quartz-chalcopyrite 

ore formation. Polymetallic stage of mineralization is associa-

ted with a later generated ore bearing system, expressed by 

veinlets and stockwork pyrite-polymetallic and lead-zinc mine-

ralization. In the case of merging this ore bearing systems and 

polymetallic mineralization superimposition on the copper-pyr-

rhotite ores, combined (polychronic) pyrrhotite-polymetallic 

ore formation takes place. It should be noted that the polyme-

tallic ores are gold bearing [1, 3]. 

Epigenetic copper-polymetallic mineralization spreading 

area in the Caucasus Lower-Middle Jurassic shale-terrigenous 

sediments, traditionally is referred to as copper-pyrrhotitic belt, 

but this name does not reflect the real picture. Manifestation of 

this mineralization are presented by the different mineral (sub 

formation) types that are presented with different intensity 

within the separate segments of the ore bearing mega system. 

We have recorded 472 ore occurrences within the mega sys-

tem. Out of which, 432 (91,52%) are in the most intensely mi-

neralized eastern segment, among them 111 (25,69%) are 

pyrrhotitic (copper- pyrrhotitic with pyrrhotite-polymetallic). 
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113 (26,16%) quartz-chalcopyrite, 208 (48,15%) are pyrite-

polymetallic (with lead-zinc ore occurrence). From the 25 ore 

occurrences of the central segment 14 (56%) are copper-pyrrho-

tite, 5 (20%) quartz-chalcopyrite, 6 (24%) pyrite-polymetallic 

type. 15 ore occurrences are accounted within the western seg-

ment. Out of them, 8 (53,33%) arepyrhotite, 2 (13,33%) quartz-

chalcopyrite and 5 (33,34%) are pyrite-polymetallic type. In 

the eastern segment of the ore bearing mega system, pyrite-

polymetallic ore occurrences prevail to the pyrrhotitic. To the 

contrary, within the central and western segments, pyrrhotitic 

ore occurrence es exceed the pyrite-polymetallic. 

Veinlet ore occurrences related to the collision ore bea-

ring systems, as well as the inhabited-stratiform deposits with 

spreading nature are characterized with a different substance 

content, different quantitative relationships of the leading ore 

components (Cu, Pb, Zn) both in separate segments of ore 

bearing mega system, as well as in various spreading ore bea-

ring systems and even within the same system. It appears that 

there had been a variation of ore generating geodynamic condi-

tions in time and space within the long-term process of forma-

tion of the ore bearing mega system related to the Lower-Mid-

dle Jurassic shale-terrigenous zone of the Caucasus. 

It is important to determine the source of metals for un-

derstanding the  metallogenic specificities of Lower-Middle Ju-

rassic shale-terrigenous belt of the Caucasus. According to V. 

Gugushvili, [4] different types of mineralization are associated 

with the different geodynamic conditions. In his opinion cop-

per source is mantle diapir, which caused spreading processes 

within the Caucasus Jurassic Marginal Sea; source of zinc is 

subducting plate and the basaltic crust blocks involved in the 

process of spreading, while the source of lead (together with 

gold) is the sial crust district covered on the marginal seabed 

which is diluted in the process of spreading. This explanation 

may be valid to the spreading (pre-collision) ore bearing sys-
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tems, but can be used to solve the issue of the source of metal 

in the collision (and Post-collision) ore bearing systems. In this 

direction  research should continue. 
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Biogenic sedimentary structures, that we now recognize 

as trace fossils or ichnofossils (in Georgia mostly as ichnites or 

fucoids) are biologically produced structures, that include tra-

cks, trails, burrows, borings and other traces made by differrent 

organisms. Owing to their nature trace fossils can be conside-

red as both paleontological and sedimentological entities [1]. 

Today trace fossils have become very useful in facies 

analyses, including reconstruction of individual palaeoecologi-

cal factors, sedimentary dynamics and documentation of local 

and regional facies changes. During recent decades method of 

ichnological analysis successfully works in ore geology and 

serves as a valuable cryteria in genetic interpretations of some 

ore deposits’ host rocks. In addition one of the important uses 

of ichnological analysis is the recognition of key-stratigraphic 

surfaces (e.g. unconformities) essential in facies modeling. 

Such facies models could be used for guidance in interpretta-

tions of various depositional systems. Well-established are 

links between ichnofossil distribution and bottom water oxyge-

nation as sediments deposited in low-oxygen setting have a 

high source rock potential to petroleum systems [2]. 
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         The most applied aspect of ichnological analysis invol-

ves studies relevant to petroleum industry, where accurate 

characterization of facies is highly important. With the increa-

sed use of reservoir modeling of sedimentary facies and highly 

detailed petrophysical studies of reservoir units, the need for 

high-quality interpretation of sedimentary facies is greater than 

ever. Such parameters as the porosity and permeability of po-

tential reservoir intervals are controlled by sadimentological 

heterogeneity and by diagenesis, where role of bioturbation 

and ichnofossils is significant.  

According to all above mentioned combined ichnological 

and sedimentological method of investigation is regarded as a 

powerful tool in facies analysis, reconstruction and characteri-

zation of depositional systems and palaeoecological environ-

ments. Such approach is well established worldwide, has a 

great scientific value and is essential and informative in solving 

of many problematic geological issues. 

In Georgia trace fossils (ichnites) have been historically 

recognized by numerous researchers (Vassoevitch, TatriSvili, 

Varsimashvili, Beridze, Apkhazava, Zuleishvili, Magalashvili 

and etc.) in the Jurassic, Cretaceous and Paleogene sedimentary 

and volcanogenic – sedimentary suites of various tectonic units 

(the Southern Slope zone of the Great Caucasus FTMB, the 

Achara-Trialeti FTMB, and the Artvin-Bolnisi block), though 

their systematic study (identification and interpretation) hasn’t 

been conducted so far. This fact has encouraged the group of 

authors in establishing of ichnological studies in Georgia. 

Up to now from the paleoichnological point of view the 

best-studied are the Paleogene deposits of the Achara –Trialeti 

FTMB, where following of trace fossils occurrences have been 

defined: Qvemo Nichbisi, Borjomi (Paleocene-lower Eocene), 

Akhaldaba (middle Eocene) and Lisi – Mukhattskaro (upper 

Eocene) [3, 4, 5]. About 35 forms of 24 ichnogenera: 

Avetoichnus, Belocosmorhaphe, Cardioichnus, Chondrites, 
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Gyrophillites, Helminthopsis, Helminthorhaphe, Megagrapton, 

Nereites, Ophiomorpha, Paleodictyon, Phycosiphon, Phymato-

derma, Planolites, Polykampton, Rotundusichnum, Scolicia, 

Spirorhaphe, Spirophycus, Taenidium, Teredonites, Thalassino-

ides, Trichichnus and Zoophycos have been recognized so far.  
On the basis of the analysis of the sedimentary and bio-

genic sedimentary structures of the above mentioned deposits 

have been reconstructed depositional environments within the 

investigated occurrences. Similar studies have already being 

conducted in the Cretaceous deposits of the Southern Slope zo-

ne of the Great Caucasus FTMB (the river Aragvi basin, the 

Tsivgombori Range). 
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The volcanic formations of southern Georgia have a long- 

term study history. However in the investigation of these for-

mations and their constituent individual lava flow units, prio-

rity has been always given to stratigraphic, geochemical, geo-

chronological and geomorphological approach. 

During past decades studies have vigorously concentra-

ted on the physical volcanology of mafic lava flows-integral 

part of well-known various scale continental flood basalt pro-

vinces (CFBP) of the world. Such approach implies recognition 

and interpretation of major lava morphotypes on the basis of 

distinguishing of surface morphologies and internal structures 

of lava flows after their solidification. Morphotypes represent 

the internal parameters of: composition, temperature, crystalli-

nity and volatile-content/vesicularity; along with such external 

influences as: emission mechanism, effusion rate, topography 

and slope control of flow velocity [1, 2]. 

Such type of studies has already been recently establi-

shed in the Caucasus region (northern Armenia) on the exam-

ple of intracanyon basalt lavas of the Debed River [3]. Our re-

search is the first attempt to study physical volcanology of the 

lava flow relict exposed on the left slope of the Mtkvari (Kura) 

river, adjacent to village Khertvisi (south. Georgia) (Fig. 1). 
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Fig. 1. The lava flow relict on the left slope of the Mtkvari (Kura) 

river, adjacent to v. Khertvisi. 
 

Obtained as a result of the preliminary field work rich 

factual data on surface morphologies and structures of the lava 

flow relict enable to suppose, that it is made up by pahoehoe 

type flows (flow lobes?). Existence of flows with features 

transitional between pahoehoe to ‘a’ā is regarded as well [4, 5, 

3]. According to thin section petrography these lavas corres-

pond to olivine basalts (dolerites). Development of hydrother-

mal-metasomatic alteration processes, such as amygdule infill 

with limonite, calcite, chlorite and layered minerals has been 

distingueshed in basalts. In some places uralitized pyroxenes 

are also observed. We consider that as a result of further stu-

dies of vertical and lateral distribution of alteration processes 

will expose their link with single morphotypes (Fig. 2). 

Further detailed  field- based volcanological study of the 

lava flow relict including specification of its stratigraphic posi-

tion, exact distinguishing of flow morphotypes, stratigraphicaly 

controlled sampling for petrographic observations and geoche-

mical analysis is intended. Obtained results will make the ro-

bust basis for the study of lava flows from adjacent areas using 

this approach. 
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Fig. 2. The lava flow exposure. 
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The Khachkovi gold-ore occurrence is located in the 

Tsalka region, north of the Khachkovi village, on the south 

slope of the Ardjevani ridge. The 0.7 km wide hydrothermally 

altered zone of the sub latitudinal orientation in the Middle 

Eocene tuffogenic rocks generates intensively mineralized area 

along the Khachkovi river. The zone is represented with altered 

rocks saturated with quartz-carbonate-barite veins and veinlets 

of sulphids.  

The occurrence from the North is bounded with the 

Ardjevani-Bakuriani sub latitudinal regional over thrust, from 

the South – with Neogene-Quaternary lava. From the West and 

East it bounded with latitudinal orientation fault structures and 

contacts of the sub intrusion bodies. 

The endogenic mineralization structural control is deter-

mined by the Ardjevani-Bakuriani regional fault. In our condi-

tioned, it should be ore-distribution structure and as in other ore 

field cases, they don’t contains mineralization. 

The ore controlled fault structure is observed as lateral ore 

zoning: in particular, the gold-sulphide mineralization is loca-

ted it’s proximity, whereas pyritic mineralization can be seen in 

peripheral part. The gold-sulphide mineralization in the other 

areas is observed in one or several mineralized zones consisting 

of splitting parts. In these mineralized zones differrent associa-

tions of ore-bearing sulphides continuation main ore minerals 

such as: chalcopyrite, galenite, sphalerite, pyrite. As well as 

vein minerals: quartz, calcite and barite can be found. 
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Three zones have been allocated in the Khachkovi occur-

rence so far. According to our data, two zone are distinguished: 

quartz-barytization and pyritic. 

The character of mineralization and hydrothermally alte-

ration on the occurrence together with the other factors should 

indicate, that it is located in the peripheral part of the magmatic 

system. Moreover, baritic mineralization is should indicated, 

that Khachkovi occurrence appears as the upper part of the 

Gujareti-Khachkovi ore field. 

We consider, structural-geological mapping of the Khach-

kovi occurrence in 1:10 000 scale must be done. It’s inevitable 

for planning prospecting and exploring works to reveal the 

gold-bearing areas.  
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The existence of comfortable roads and their safe functi-

oning is of the major importance for any country. In this regard 

the roads connecting Georgian regions, due to their multiple 

functionality, have to be considered separately as most of them 

pass through extremely roughterrain and are exposed to high-

risk natural geological processes. 

In this respect, countrywise the Zugdidi-Jvari-Mestia-

Lasdili road (total length of 198 km) has its special place from 

economic and geopolitical point of view. 

The road, whichbegins in the Kolkheti lowland zone and 

gradually moves through low-mountainous, medium and high 

mountain alpine zones,passes through  extremely variedgeolo-

gical environment, terrain and landscape-climatic conditions. 

In parallel with the terrain and landscape-climatic conditions 

there is a sharp change in the types of hazardous geological 

processes, the geological conditions and triggering factorswhich 

cause them. 

To assessgeodynamic conditions and geo-ecological si-

tuationof the Zugdidi-Jvari-Mestia-Lasdili road,it has become 

necessary to conduct research, analyze the existing information 

and based on this to forecast the changes taking place in the 

geological environment, the trends in accelerated natural geolo-

gical processes and geo-ecological risks, and to plan relevant 

recreational prevention activities. 

In 2016 the project ,,Geodynamic processes hazard 

assessment and GIS analysis of Zugdidi-Jvari-Mestia-Las-

dili motorway” was financedby the Shota Rustaveli Nati-

onal Science Foundation in the Doctoral Educational Prog-
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ram competition (PhDF2016_44), the geodynamic condition 

of the road will be fully assessedwithin the framework of this 

project. 

At the first, field-work stage of the project introduction to 

and the assessment of the Samegrelo-Upper Svaneti region has 

been conducted; potentially hazardousparts of the road have 

been revealed; moreover, the modern methodology of process 

assessment has been developed and geohazardous criteria have 

been established; the archived materials have been processed 

and generalized; the assessment of natural-technogenic factors 

leading to and provoking geological processes has been condu-

cted and the Geographical Information System (GIS) databases 

have been filled up and the historical and statistical data have 

been generalised. 

The research conducted and material processed at the 

first stageenable the identification of geohazards across the 

area of study, assess geoecological damage of the territory, de-

termine the level of hazard and geohazardous zone mapping in 

GIS system. 

A map of this type will be used as the basis for the nor-

mal and reliable operation of the major motorway in the condi-

tion of geological processes, the safety of passengers, the pro-

tection and safe display of infrastructural facilities and ameni-

tieslocated there, and also for permanent geomonitoring activi-

ties and environmental protection events. 
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Thermodynamic analysis of heterogeneous systems "C-

H-N-O" and "C-H-S-N-O" was carried out for the 101 kpa 

pressure gas phase using computer modeling.  

The basic method to obtain similar information is to build 

diagrams in accordance with the experimental data. Empirical 

experiments require long and expensive research. Therefore, 

we suppose that the realistic way to build the temperature 

sections' diagrams of the multicomponent systems is conduc-

ting computer experiments and processing  the obtained results.  

Any system thermodynamic analysis, especially compli-

cated heterogeneous, must be carried out through the appro-

priate software complex. 

The software “АСТРА – 4” is designed to simulate che-

mical and phase equilibrium at high temperatures. It is based 

on mathematical models of complex heterogeneous systems, 

universal thermodynamic method for determining the charac-

teristics of the produced heterogeneous systems, - Based on the 

fundamental principle of maximum entropy. This method 

enables the determination of all the other features of the equi-

librium, transference of properties of thermodynamic para-

meters and the phase and chemical composition based on the 

parameters of two given conditions and system of initial che-

mical Ingredients  [1, 2]. 

The main part of the work was to conduct series of com-

puter experiments to determine the composition of the combus-

tion products in the systems under study at different fuel-oxi-
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dant ratios. Since we use air as the oxidizer, where N2 ~ 78 % - 

for accurate thermodynamic analysis, we bring natural gas pro-

cesses and combustion of fuel to the study of  “C–H–N–O” and 

“C-H-S-N-O” thermodynamic systems, which is based on the 

fundamental principle of maximum entropy. During the calcu-

lation process, we took into account for the first system 63, for 

the second system 71, the base material and the element 1000 - 

3000K in the temperature range with 50k increments [3, 4]. 

Based on the results, we have created diagrams of tempe-

rature-sections systems, which allow us to determine in advan-

ce the optimal conditions for the combustion processes of the 

corresponding fossil fuels - natural gas and oil, which is one of 

the basic conditions in the connection of research and improve-

ment of the environment.  

Thus, it should be noted, that the use of methods of 

computer chemistry not only allows us to make  preliminary 

evaluations but also makes it possible to determine in advance 

the quality and quantity of anthropogenic pollution formation 

of the environment, their chemical composition, expected 

concentrations and possible changes in the environment.  
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The Caucasus is situated between the Arabian and Eura-

sian lithospheric plates and is a part of the Alpine-Mediterra-

nean foldbelt. In the modern structure it includes the Greater 

and Lesser Caucasus folded systems and the adjacent piedmont 

and intermountain troughs. 

Within the central segment of the Greater Caucasus, on 

its southern slope from southwest to northeast three Quaternary 

volcanic districts connected with each other by longitudinal and 

transverse faults are distinguished: Java, Keli and Kazbegi [1].  

The Kazbegi district covers the territory from the Jvari 

Pass till the end of the Darial river gorge. Along with other 

interesting and topical geological formations, it is an active 

center of the Quaternary volcanism. From the geologic point of 

view, in this part of the Caucasus the volcanism is of post-

collisional origin, and it was manifested in the time of the last 

orogenic stage. On the territory of the district two large volca-

nic vents are known: the Kazbegi (Mkinvartsveri) Volcano with 

altitude 5047 m and the Kabardzhina Volcano with altitude 

3136 m. There are numerous small flank eruption centers with-

in the considerable area as well. 

The dormant Kazbegi Volcano is located on the eastern 

termination of the latitudinal Khokhi ridge situated to the north 

of the Greater Caucasus Main Range and separated from the 

last by the Tergi river gorge. It is a polygenetic neovolcanic 

center which was active over the long timescale (Pleistocene-
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Holocene). Not less than four effusive phases are established in 

the study area resulted in the formation of widespred volcanic 

sequences [2]. Forming the volcanic edifice rocks are empla-

ced into thick Early Jurassic sedimentary sequence represented 

by alternation of shales and sandstones.  
From the volcanic center the lava flows travel downslope 

along the radially disposed gorges towards the Tergi river 

valley and are known as Suatisi, Mnadon, Arshi, Chkheri, 

Tsdo, Gveleti and Devdoraki (Chachi) lava flows [2, 3]. 

On the left slope of the river Tergi, to the west of village 

Gveleti we have discovered a new lava exposure (remnant of 

lava flow) of andesitic composition (42º42'44.8''N, 

44º37'20.9''E). It is situated within the Gveleti massif built up 

of Paleozoic granitoids. The dimensions of the outcrop amount 

35257 m, and it is represented by the columnar-jointed lava 

flow. To the north and south small-size and well-developed 

columns are observed, but the central part is made of poorly -

developed thicker columns (Fig. 1).  
 

 
 

Fig.1. Andesitic lava (And)  exposure within the Gveleti  

granitoid massif (Gr). 
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