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Nino Tatrishvili and Giorgi Zaridze — Founders of the Georgian Petrological School (dedicated to 100-th
birthday anniversary). Tsutsunava T. Ministry of Education and Science of Georgia, LEPL Alexandre Janelidze
Institute of Geology, M.Alexidze st. 1/9, 0171, Tbilisi, Georgia. E-mail: geolinst@geolinst.ge

N. Tatrishvili and G. Zaridze are the brightest representatives of the Georgian geology and the founders of the
Georgian petrological school. Their contribution to the Earth sciences is difficult to overestimate. Numerous scientific
works by N. Tatrishvili and G. Zaridze made significant contribution to the development of petrology and received due
recognition. They are well known to the geological society of the former Soviet Union as the authors of the fundamental
works concerning the problems of magmatism and the related ore formation in the Caucasus, petrography of magmatic
and metamorphic rocks.

Huno ®ovunnmna TatpumBuian u eopruii MuxaiijoBuu 3apuaze — ocHoBono10:kHUKH ['py3uHcKkoii
nerpoJiorryeckoii mkojbl ( k 100-gmeTnro co nHa poxgenusi). llynynasa T.H. Munuctepctso npocBenieHus u
Hayku ['py3un, FOJIOII uncTuTyT reonorun uM. A. JHxanenunze, Towmmcu 0171, yn. M. Anexkcunze 1/9.

E-mail: geolinst@geolinst.ge

H.®.TarpumBumn u [.M.3apuaze SBISIOTCA SIpYaWIIMIMH  TIPEACTABUTENSIMH TPY3MHCKOH TEOJIOTHH U
OCHOBAaTENSIMA TPY3MHCKOM IETPONOrMYecKod mKkoibl. VX BkiIax B HayKy O 3eMie TPYJHO IEpeoleHUTb. MHo-
rogncnennbie Tpyasl H.®@. Tarpumsumm u [.M.3apuaze BHecIn 3HAUNTENBHBIA BKJIAJ B Pa3BUTHE IETPOIOTHYECKON
HayKd ¥ TOJIYy4YWJIH 3aciy’KeHHOe Ipu3HaHue. [X mepy HpHHAUIeKaT MIMPOKO M3BECTHBIE I'€OJIOTHYECKON obImec-
TBeHHOCTH ObBIIero CoBerckoro Coro3a OCHOBOIOJAraloUIMe TPYABI, ITOCBSIIEHHBIE MpoOJIeMaM MarmMatu3ma Ha
KaBxkase 1 CBSI3aHHBIM ¢ HUM PyI000pa3oBaHUEM, eTporpagui MarMaTHIeCKUX ¥ METAMOPPUIECKUX MOPO.
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PETRO- AND GEOCHEMISTRY OF EARLY VARISCAN
(BRETONIAN) GRANITOIDS OF THE GREATER CAUCASUS

D.SHENGELIA, T.TSUTSUNAVA, G.CHICHINADZE,
N.MAISURADZE, Q.VARDANASHVILI

Ministry of Education and Science of Georgia, LEPL Alexandre Janelidze Institute of Geology,
1/9 M. Alexidze st., 0171 Tbilisi, Georgia. E-mail: d_shenge@yahoo.com

According to rare elements content and to geochemical characteristics (Eu/Eu*-Sr/Nd, Rb/Sr-SiO,, Rb/Sr,
Sm/Nd, La,/Yb,), composition of Early Variscan granitoids of the Elbrus and Pass subzones of the Main Range zone of
the Greater Caucasus as a whole corresponds to the upper crustal and common crustal granitoids of the other regions of
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Introduction

Pre-Alpine metamorphism and granite-formation in the Caucasus cover a wide time interval - from
Late Proterozoic to Late Paleozoic inclusive. These processes are bound up with Pan-African, Cadomian
(Salairian phase), Caledonian and Variscan (Bretonian and Sudetic phases) orogeneses. They were stipulated
by functioning of subduction zones by the both sides of Proto-Paleotethys and along northern peripheries of
small oceanic basins of the Arkhiz and Southern Slope of the Greater Caucasus.

Geological-petrological investigations of the Pre-Alpine crystalline basement, inclusive granitoids of
the Caucasus, cover the period beginning from the first half of the last century to the present. During this
period have been actively discussed the problem of granitoid genesis, distinguishing of their genetic types,
their correlation with geodynamic processes, etc. As a result of researches great amount of data had been
accumulated, providing important scientific conclusions.

One of scientific achievements in studying granitoids is the most widespread at present classification
of granitoids, by which their I, S, A, M and N types are distinguished (Chappel,.White, 1974; Loiselle,
Wones, 1979; Pitcher, 1987; Castro et al., 1991). As to the correlation between the granite magma source
and geodynamic settings, B.Barbarin (1999) created a scheme of typification of granitoids; by this scheme,
their main mineralogical-petrographic types (MPG, CPG, KCG, ATG, RTG and PAG) have been stated. It
should be noted that in the contemporary structure of Pre-Alpine basement of the Caucasus the most of
mentioned genetic types of granitoids are participating at a different scale. They formed in specific
geodynamic settings and at different stages of formation of this structure (Gamkrelidze, Shengelia, 2005).

Proceeding from the presence of definite sequence of main geological events and the accumulated
actual data concerning definite time interval, in the Caucasus manifestation of the Bretonian orogeny (at the
end of Late Devonian and the beginning of Early Carboniferous) is considered. With this period regional
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metamorphism of the majority of crystalline rocks of the Caucasus is connected (Gamkrelidze, Shengelia,
2005). As for the granite-formation processes provoked by the same orogeny they are fixed only within the
Elbrus and Pass subzones of the Main Range zone of the Greater Caucasus (Fig.1). Nevertheless, some
authors consider manifestation of Bretonian granite-formation in the Loki crystalline massif as well (Dudauri
et al., 1999).

Despite the achievements in studying the granitoids of the Greater Caucasus, Bretonian granitoids of
the Elbrus and Pass subzones of the Main Range zone geochemically are studied insufficiently, as the
analytical data on the rare elements in the granitoids are very scanty or in some cases are absent at all.
Besides, the summary paper on petrochemistry of this granitoids has not been published yet.

In the present paper all existing data on geology, petrology, mineralogy and geochemistry of Bretonian
granitoids of the Elbrus and Pass subzones of the Main Range zone of the Greater Caucasus have been
summarized. Here new analytical data of investigations carried out in 2003-2005 are presented'.

Geological Setting and Petrologic and Mineralogical Description of Granitoids

Bretonian granitoids of the Elbrus subzone are represented by plagiogranites, plagio- and granite
gneisses and quartz-diorites. Their enclosing rocks are Precambrian deeply metamorphosed crystalline rocks
of the Elbrus subzone infrastructure. The existence of rounded pebbles of Bretonian granitoids in Middle
Carboniferous sediments fixes their upper age limit (Mikheev, 1965). K-Ar age dating shows quite wide
interval of figures, but the highest figures correspond to Variscan (Bretonian) orogeny (Afanasiev, 1958;
Rubinshtein, 1967; Shengelia, 1972).

Bretonian granitoids are formed in PT conditions of facies of biotite-muscovite gneisses and partially,
possibly at the low-temperature stage of biotite-silimanite-K-feldspar facies as a result of selective fusion of
thick metaterrigenous sediments (Gamkrelidze, Shengelia, 2005). They form mainly autochthonous, rarely —
subautochthonous, and sometimes allochthonous, sheet-like bodies of different size. Granitoids are rimmed
by high-temperature anatectic migmatites. Signs of granitoid influence on the enclosing rocks are absent —
hornfelses are not observed in exocontact of granitoids. Structural elements of xenolites and metamorphites
coincide.

Two varieties of granitoids are distinguished — non-amphibolic (biotite and bimica bearing plagiogr-
anites, plagiogneisses and gneisses) and amphibolic (horneblende and biotite-hornblende bearing quartz-
diorites, rarely diorites and their gneissous varieties). A.V.Okrostsvaridze (1995) the non-amphibolic
granitoids attributed to the Variscan granite-migmatite series of the Greater Caucasus.

Granitoids of the first variety are synkinematic formations generally observed as thick, rarely small
lens-like bodies; they are often disposed along the longitudinal tectonic lines. In particular, large outcrop of
autochthone bodies of biotite bearing plagiogranites of different size are exposed by the Pshekish-Tirniauz
fault zone (Fig. 1). They are developed all over the intensely migmatized infrastructure. Synmetamorphic
plagiogranites and plagiogranodiorites preserved after the microclinization processes, predominantly spread
in the Kuban, Teberda, Baksan, Bezengian Cherek, Chegem, Bolshaya and Malaya Laba, Belaya, Aksaut and
Enguri river basins.

Plagiogranites, plagiogneisses, granodiorite-gneisses and granite-gneisses closely link with each other
by gradual transitions. Two-mica, muscovitized and chloritized plagiogranites, plagiogneisses, gneisses are
most widespread; sporadically are occurred their chloritized garnet-bearing, garnet-biotite, garnet-sillimanite
(fibrolite), bimica-garnet, bimica-fibrolite, muscovite-fibrolite and cordierite bearing varieties.

Amphibolic granitoids are scanty. Among them massive granitoids (having minor development) and
their gneissose varieties are distinguished. Small granitoid bodies occur in the Kashtansu river basin - left
tributary of the river Balkarian Cherek and near the glaciers Tutune and Rtsivashky.

Biotite-hornblende- and biotite-bearing quartz-diorites are exposed in the Suldursu-Musukhsu
interfluve and in the propagation area of quartz-diorites gneissouse varieties. The easternmost exposures of
hornblende- bearing granitoids are fixed in the upper reaches of the river Karaugom, close to the Karaugom
glacier and on the western slope of the Soudor ridge. In westward direction, in the area of Gebivtsec Pass and
Kyrtisho glacier, the hornblende-bearing granitoids are observed on the Southern slope of the Main Range
(Rioni riverhead). In the regions of Fostog-tsete, Karaugom, Bartui-tsete glaciers and the Gurjivtsek Pass the
hornblende-bearing granitoids from the south tectonically contact the crystalline schists of the Pass subzone
Kassar series. From north approximately in latitudinal direction, along the ridge Chirkh — they give place to
muscovite granites. The bodies of these rocks are not large in size and link with each other by intertran-

! Rare elements were determined at the NERC ICP-MS laboratory of the Kingston University (UK) by Prof. P.J. Treloar.
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sitions, or biotitized amphibolites and intensely granitized crystalline rocks rapidly replace them. Quite often
outliers of formless bodies of these rocks occur in granitoids.

W
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Fig. 1. Outcrops of Bretonian granitoids within the crystalline basement
of the Main Range zone of the Greater Caucasus.
Subzones: I - the Elbrus subzone, II — the Pass subzone. 1 — Quaternary lavas, 2 — Bretonian granitoids of the Elbrus
subzone, 3 — sections with most widespread occurrence of the autochthonous granitoids in the Pass subzone,
4 — transgressive overlap, 5 — faults.
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In the Pass subzone Bretonian granitoids (see Fig. 1) are confined to the Late Proterozoic (?) Gvandra
suite of the Buulgen metamorphic complex. They are represented by autochthonous and allochthonous
leucocratic gneisses and granitoids, being synmetamorphic with Bretonian regional metamorphism.

Plagiogranites, granodiorites and granites belong to the autochthonous leucocratic paragneisses; the
most part of them are garnet-bearing. Their mode of occurrence is in conformity with the enclosing rocks
represented by migmatites, different crystalline schists and amphibolites of Gvandra suite metamorphosed in
conditions of staurolite-sillimanite subfacies and facies of biotite-muscovite gneisses. Degree of their
metamorphism is always consistent with that of the enclosing rocks giving possibility to distinguish them
from the younger allochthonous leucocratic granitoids and postmetamotphic Sudetian granitoids as well. In
the gneisses the initial-sedimentary features are identified. Sometimes they gradually transform into
metasedimentary rocks — feldspathic and monomineral quartzites. Within the gneissic strata alternation of
highly leucocratic and thin dark interlayers is observed.

Leucocratic paragneisses are widespread on both the Northern and Southern Slopes of the Main Range
zone of the Greater Caucasus. In headwaters of the river Amanauz their conformable bodies extend over the
hundred meters and sharply stand out against the background of enclosing them dark gray schists. An imp-
ressive outcrop of large concordant body of leucocratic gneisses is established in rocky exposures of Mt.
Belalakaya. On the Southern Slope of the Greater Caucasian range the leucocratic paragneisses are wide-
spread in the Klych, Khetskvara (right tributary of the river Kodori), Ptysh, Atsaysh-Atsgara, Chkhalta-
Dzykh, Adeba, Jessyara and Sibista (left tributaries of the river Atsgara) river basins. In the Khetskvara river
basin, gneisses crop out along the eastern and western edges of the same-named glacier. In this exposure
(total thickness 700-800 m) garnet-bearing leucocratic plagiogneisses (thickness of separate strata — 0.01-
100m) take up about 500 m, the rest of the section is occupied by amphibolites and also biotite-, amphibole-,
plagioclase-, quartz- and pyroxene-bearing schists and silicificated porphyroblastic diorite-gneisses. In the
vicinity of the glacier Ptysh (southern spur of Dombay-Ulgen apex) they are distinctly established among the
metamorphites forming an anticlinal fold together with them.

Among the leucocratic paragneisses garnet varieties are most widespread. They are fine- and medium-
grained rocks of light-grey coloring comprising pinkish crystals of garnet. Content of dark minerals — biotite
and garnet is < 5%. Concordant bodies (0.4-2 m thickness) of garnet-tourmaline bearing plagioalaskites often
occurred on the left bank of the river Atsgara.

Granodiorites and granite-gneisses are observed everywhere, but quantitatively they are inessential.

Among the allochthonous leucocratic granitoids plagiogranites, granodiorites, granites and their aplitic
varieties are distingushed.

In the cliffy exposures to the northwest of the glacier Khetskvara in porphyroblastic granite-gneisses
thin (0.5-1.5 m) leucocratic garnet-bearing granites and aplites are exposed; both cutting and concordant
bodies represent them, in contrast to autochthonnous varieties.

Allochthonous granitoids are of light grey to white color, medium- and coarse-grained massive or
weakly gneissose rocks. Dark mineral is represented by garnet (1%) and rarely by biotite. In plagiogranites
that underwent intensive albitization and muscovitization, tourmalines (2-4 cm) are fixed; they constitute
about 20% of rock.

In the Main Range zone, approximately on the meridian of the village Atsgara, near the Main thrust, in
the stocks of albitizated garnet-two-mica schists with andalusites, concordant bodies of garnet-tourmaline
porphyroblastic plagiogranites, granit-diorites and granites are observed. In the Chamagvara riverhead area
(right tributary of the river Bzibi) in the axial part of the Main Range of the Greater Caucasus, at a distance
of 250 m south-west from the mountain apex with the elevation mark — 3255.0 m, a concordant body of
weakly gneissouse leucocratic albitizated garnet-bearing plagiogranite (thickness — 5m) is exposed; The
body is located in a bench of amphibolites and metapelites. North of the Main thrust, in the rivers Chama-
gvara and Shkhabzia areas (right tributaries of the river Bziph in metapelites, migmatites and porphyroblastic
granite-gneisses the concordant or cutting leucocratic garnet-bearing granites and aplites are spread. Due to
insignificant thickness (0.3-2.0 m), their outcrops have not been drown on the map.

Leucocratic allochthonous granitoids as well as autochthone varieties are widespread in metamor-
phites of the Gvandra suite spread in the Amanauz headwaters area.

Petrochemistry of Granitoids

The Elbrus Subzone

Bretonian plagiogranites, plagio- and granite-gneisses of the Elbrus subzone, in the main, belong to
the normal alkaline and calc-alkali series (Table 1, Fig. 2). It should be mentioned that these plagiogranites
and plagiogneisses are most low potassic among pre-Alpine granitoids of the Elbrus subzone, and granite-

13




gneisses are high potassic and by K,O content they yield only to Late Variscan porphyroblastic granitoids of
the Elbrus subzone. A/CNK parameters for plagiogranites, plagio- and granite- gneisses vary within a wide

Table 1
Composition of Bretonian non-amphibolic plagiogneisses, granite-gneisses and
plagiogranites of the Elbrus subzone (in mas. %)
sl |22 128]2/2 /% |3|2ala|¢
A R = - - = L I S S T O B B e B >

2675 | 58,99 | 0,77 | 16,97 | 2,57 | 3,50 | 0,10 | 2,15 | 4,59 | 4,00 | 2,30 | 0,25 | 3,47 | 0,34 | 100,00
2565 | 70,20 | 0,30 | 15,50 | 0,35 | 2,34 - 1,05 | 3,11 | 4,00 | 1,40 | 0,48 | 1,32 | 0,08 | 100,13
2542 | 58,59 | 0,62 | 16,40 | 3,80 | 6,88 | 0,07 | 2,31 | 2,06 | 3,42 | 2,30 | 0,12 | 2,98 | 0,31 | 99,86
61 71,21 10,25 | 1598 | 1,13 | 1,26 | 0,04 | 0,98 | 2,18 | 4,83 | 1,67 | 0,20 | 0,47 | 0,13 | 100,52
80 70,80 | 0,24 | 15,49 | 2,15 | 1,20 | 0,06 | 1,47 | 2,05 | 3,63 | 1,62 | 0,16 | 0,54 | 0,13 | 99,75
73 72,00 | 0,16 | 15,25 { 0,44 | 0,92 | 0,03 | 1,32 | 1,07 | 4,64 | 3,11 | 0,24 | 0,32 | 0,15 | 99,78
388 | 71,69 | 0,11 | 15,50 | 1,01 | 0,86 | 0,03 | 0,32 | 1,51 | 1,70 | 1,90 | 0,17 | 1,27 - 99,10
342 | 8241 | 0,10 | 7,66 | 1,82 | 0,54 - 10591]0,80 3,90 1,00]031|1,09]0,08 | 100,30
2266 | 66,19 | 0,65 | 16,49 | 1,77 | 3,78 | 0,09 | 1,11 | 1,17 | 2,50 | 3,40 | 0,04 | 2,16 | 0,09 | 99,14
2593 | 70,33 | 0,27 | 13,04 | 1,85 | 3,32 | 0,07 | 1,57 | 0,98 | 2,20 | 4,20 | 0,45 | 1,67 | 0,10 | 100,05
2613 | 6597 | 0,48 | 16,10 | 1,18 | 2,96 | 0,03 | 1,11 | 3,35 | 3,60 | 4,20 | 0,16 | 0,74 | 0,23 | 100,11
2598 | 70,44 | 0,25 | 13,76 | 1,68 | 0,98 | 0,03 | 0,81 | 2,81 | 3,20 | 3,40 | 0,42 | 1,94 | 0,10 | 95,82
2913 | 67,35 | 0,23 | 16,16 | 0,87 | 0,72 | 0,04 | 0,59 | 2,56 | 5,00 | 4,90 | 0,34 | 0,94 | 0,32 | 100,03
2862 | 65,79 | 0,25 | 16,03 | 1,72 | 3,02 | 0,07 | 2,08 | 442 | 2,38 | 2,28 | 0,50 | 1,30 | - 99,84
176 | 73,71 | 0,21 | 13,25 | 0,77 | 1,80 | 0,03 | 0,38 | 1,19 | 2,58 | 4,40 | 0,10 | 1,08 - 99,77
90 69,00 | 0,31 | 16,03 | 0,35 | 2,34 | 0,04 | 1,66 | 1,41 | 3,85 | 3,20 | 0,25 | 1,35 | 0,13 | 99,92
257 | 70,08 | 0,30 | 14,79 | 0,12 | 2,70 | 0,03 | 0,77 | 2,94 | 3,90 | 2,00 | - 1,48 1 0,18 | 99,94
331 | 62,67 | 0,60 | 17,00 | 1,56 | 3,87 | 0,17 | 0,47 | 3,40 | 5,72 | 2,56 | 0,08 | 1,44 | 0,11 | 99,97
2859 | 67,20 | 0,15 | 18,70 | 0,30 | 1,29 | 1,10 | 0,57 | 3,64 | 3,92 | 1,03 | 1,54 | 1,06 | 0,07 | 99,57
2916 | 66,33 | 0,34 | 17,22 | 1,33 | 1,36 | 0,04 | 1,18 | 2,80 | 5,00 | 2,00 | 0,62 | 2,06 | 0,05 | 100,30
2889 | 74,24 - 13,26 | 1,22 { 0,18 | 0,04 | 0,62 | 1,88 | 4,00 | 2,55 | 0,70 | 1,70 | 0,04 | 100,43
449 | 72,03 1 0,23 | 13,79 | 1,13 | 1,70 | 0,05 | 1,82 | 2,67 | 4,00 | 1,25 | 0,04 | 1,08 | 0,18 | 99,97
307 | 71,01 | 0,42 | 13,14 | 1,20 | 3,42 | 0,07 | 1,99 | 1,79 | 3,10 | 2,30 | 0,06 | 1,20 | 0,20 | 99,90
441 | 66,78 | 0,44 | 15,55 | 1,85 2,99 10,04 | 1,63 | 3,58 | 3,34 | 1,90 | 0,13 | 1,45 | 0,15 | 99,83
218 | 75,72 | 0,17 | 12,35 | 1,05 ] 1,01 | 0,05 | 0,93 | 1,86 | 430 | 1,30 | 0,13 | 1,25 - 100,12
222 | 74,43 10,23 | 11,90 | 0,56 | 1,98 | 0,07 | 0,53 | 2,11 | 3,80 | 1,80 | 0,18 | 1,96 | 0,04 | 99,59
20 66,22 | 0,28 | 16,95 | 1,38 | 2,90 | 0,09 | 1,38 | 3,14 | 4,00 | 2,08 - 1,371 0,33 | 100,12
29 64,12 1 0,31 | 17,49 | 1,28 | 2,44 [ 0,11 | 1,80 | 3,45 | 4,66 | 2,54 | 0,30 | 1,80 | 0,21 | 100,51
160 | 73,00 | 0,05 | 15,28 | 1,05 | 0,36 | 0,10 | 0,24 | 1,34 | 5,70 | 2,50 | 0,14 | 0,54 | 0,02 | 100,32
64 74,23 - 14,62 | 1,52 - - 1045(1,02 | 410250028 )090]0,14 | 99,76
95 68,80 | 0,39 | 16,56 | 2,06 | 1,08 | 0,10 | 1,00 | 1,84 | 4,60 | 2,00 | 0,33 | 1,65 | 0,23 | 99,74
63 73,37 10,21 | 14,29 | 0,66 | 0,65 | 0,03 | 0,38 | 2,06 | 3,90 | 2,90 | 0,35 | 1,01 | 0,07 | 99,88
69 73,22 1 0,40 | 14,29 | 1,68 | 0,98 - 1,04 | 3,07 | 3,00 | 1,10 | 0,08 | 1,02 ] 0,06 | 99,88

Plagiogneisses: the Balkarian Cherek river basin - 2675 and 2565 (biotite-bearing), 2542 (biotite-garnet bearing);
the Baksan river basin — 6280 (bimica-bearing); Teberda river basin — 388 (biotite-bearing); the Malaya Laba river
basin — 342 (muscovitized). Granite-gneisses: the Khaznydon river basin — 2266 (biotite- and silimanite-bearing); the
Bezengian Cherek river basin — 2593, 2598 (biotite-garnet bearing), 2613 (biotite-bearing); the Baksan river basin —
2913 (biotite-bearing), 2862 (biotite-garnet bearing); the Kuban river basin — 175 (bimica-garnet-bearing); the
Zelenchuk river basin — 90 (biotite-bearing). Plagiogranites: the Darial massif — 257 (biotite-bearing); the Sadonian
massif — 331 (muscovitized); the Baksan river basin — 2859, 2961 (biotite-bearing), 2889 (bimicaceous); the Teberda
river basin — 449, 307, 441 (biotite-bearing); the Kuban river basin — 64, 95, 63 (bimicaceous), 69 (bimicaceous with
fibrolite); the Bolshaya Laba river basin — 218, 226 (bimicaceous); the Belaya river basin — 20-p, 29-p (bimicaceous);
the Pshikhash massif — 160 (bimicaceous).
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Fig. 2. Petrochemical diagrams for the Bretonian granitoids of the Elbrus Subzone of the Main Range zone of the
Greater Caucasus. Biotitic and bimicaceous granitoids: 1 — plagiogranites, 2 — plagiogneisses, 3 — granite-gneisses,
4 — hornblende-bearing granitoids.

range — 0.53-2.2. On the discriminative diagram of A, S and I type granites (see Fig.2) figurative points of
compositions of plagiogranites and plagiogneisses are disposed in the field of I type granites, and granite-
gneisses occupy the area of S type- and also I type granites. The granite-gneisses by Barbarin’s (Barbarin,
1999) mineralogic-petrographical classification take an intermediate position between the muscovite-bearing
peraluminium (MPG) and K-rich calc-alkali (KCG) group of granitoids.
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According to received data (see Table 2 and Fig. 2) Bretonian hornblende-bearing granitoids of the
Elbrus subzone belong to normal alkali and calc-alkali granitoids of sodic series. It should be mentioned that
these granitoids in comparison with the considered non-amphibolic plagiogranites are distinguished in lower
Si0O, content and high content of FeO,,,, MgO and CaO. On the discriminative diagram of S, I and A type
granites, figurative points of the granitoids are disposed in the field of I type granites. A/CNK parameters of
the granitoids vary in the range - 0.82-1 that by B. Clarke (Clarke, 1992) also correspond to I type granitoids.
According to typification of granitoids (Barbarin, 1999), they belong to ACG group - amphibolic granitoids
of calc-alkaline series.

Table 2

Composition of Bretonian hornblende-bearing granitoids of the Elbrus subzone (in mas. %)

Y | 2121212818 |2I1%2/&8|2¢] %
wn | B | 2 | Ll eS|SOz | ¥ ||| &

2154 | 58,92 1 0,50 | 17,42 | 0,97 | 6,03 | 0,14 | 3,22 | 5,18 | 4,48 | 0,44 | 0,65 | 1,45 | 0,27 | 100,4

2155 | 59,52 1 0,50 | 17,12 | 2,15 | 4,23 | 0,15 | 2,80 | 5,53 | 4,66 | 2,06 | 0,07 | 0,83 | 0,18 | 99,74
2157 | 69,28 | 0,17 | 14,50 | 0,43 | 2,70 | 0,07 | 1,22 | 4,65 | 4,20 | 1,98 | 0,36 | 0,44 | 0,11 | 99,75
2352 | 53,57 | 0,81 | 17,27 | 435 | 4,40 | 0,17 | 3,45 | 7,38 | 3,30 | 1,80 | 0,18 | 3,28 | 0,34 | 100,3
2361 | 55,77 | 0,95 | 16,05 | 3,87 | 5,12 | 0,31 | 4,11 | 7,05 | 2,80 | 1,90 - 1,70 | 0,18 | 99,91
2356 | 63,72 | 0,58 | 14,06 | 2,93 | 3,64 | 0,14 | 1,74 | 3,32 | 3,20 | 4,34 | 0,05 | 0,91 | 0,15 | 99,78

Quartz-diorites: the Karaugom river basin (right tributary of the river Urukh) — 2154 (hornblende bearing); the
Khaznidon river basin — 2352 (hornblende bearing), 2361 (biotite- hornblende bearing), 2356 (biotite-bearing with low
content of hornblende); the Karaugom river basin — 2157 biotite-bearing plagiogranite.

The Pass Subzone

Leucocratic gneisses are rich in silica (generally contains > 70 mas.% of SiO,) and are poor in calcium
and femic components (Table 3 and Fig.3). Here are distinguished varieties with high sodium and low
potassium content and also rich in both sodium and potassium. For the first group — low potassic gneisses
(K,0 0.4 — 1.36 mas.%) a considerable prevalence of sodium (K,0/Na,O ratio varies within 0.08-0.29 and
K,0+Na,0=4.35-6.05 mas.%) is characteristic. In these gneisses, the only phase with K,O content is
muscovite or biotite (they are very scanty). Lack of potassium restricts mica stability, conditions absence of
K-feldspar and extension of garnet stability. The second group of gneisses is characterized by higher
alkalinity, containing K,O+Na,O — 7.5 - 11 mas.% and K,0 2,2 — 6.2 mas.%; K,O/Na,O ratio varies within
0.42-1.29. In this group of gneisses with redundant potassium content, K-feldspar together with micas is
developed.

In the Na,O+K,0 — SiO, diagram (Fig. 3) figurative points of low potassic gneisses are disposed in the
field of normal alkali series, and that of the second group of gneisses — close to the line separating the
subalkaline and normal alkaline series. On the AFM diagram, the low potassic leucocratic gneisses occupy
the calc-alkali field, as to the normal potassic varieties of leucocratic gneisses — they take up an undefined
position. Furthermore, it should be mentioned that on the Na,0O+K,O — SiO, diagram figurative points of
leucocratic granitoids are disposed in the field of their initial rocks - leucocratic gneisses (see Fig. 3), but on
the A/CNK — SiO, diagram, they mainly have been grouped in a small segment.

All the varieties of autochthonous granitoids belong to I type granites, and the allochthonous ones - to
I, S and A type granites.
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Table 3
Composition of Bretonian leucocratic garnet-bearing gneisses and granitoids
of the Pass subzone (in mas. %)

o | © O | o | o

Sl ¢l el 2192121212 2/2lola|d
el g | E| 2| 22| |S|S| g2 2|8 2

259 | 75,67 | 0,05 | 13,72 | 0,08 | 1,48 | 0,06 | 1,48 | 2,08 | 4,99 | 0,40 | 0,14 | 0,22 | 0,13 | 100,42

260 | 69,34 | 0,17 | 14,75 | 0,04 | 3,89 | 0,06 | 2,09 | 3,21 | 3,60 | 0,75 | 0,32 | 1,28 | 0,23 | 99,73

662 | 74,46 | 0,05 | 15,47 | 0,06 | 0,08 | 0,25 | 1,11 | 1,63 | 5,07 | 0,68 | 0,40 | 0,74 | 0,16 | 100,16
6085 | 74,00 | 0,07 | 14,44 | 0,17 | 1,89 | 0,12 | 0,36 | 2,51 | 4,70 | 1,36 | 0,14 | 0,60 | 0,10 | 99,89

323-3 | 62,58 | 0,06 | 21,10 | 0,30 | 1,44 | 0,07 | 0,63 | 2,98 | 4,80 | 6,20 | 0,20 | 0,25 | 0,03 | 100,14

330-3 | 73,14 | 0,10 | 13,92 | 0,30 | 1,44 | 0,03 | 0,31 | 2,21 | 3,70 | 3,90 | 0,40 | 0,30 | 0,16 | 99,61

6896 | 73,43 0,09 | 1498 | 0,05 | 0,56 | 0,05 | 0,61 | 2,17 | 5,30 | 2,20 - 0,74 | 0,10 | 100,28
275 | 73,93 0,05 | 14,87 | 0,80 | 0,52 | 0,08 | 0,56 | 0,65 | 4,13 | 4,09 | 0,12 | 0,32 | 0,09 | 100,21

320 | 73,05 | trace | 14,79 | 0,06 | 1,00 | 0,03 | 0,15 | 1,89 | 4,50 | 4,10 | 0,28 | 0,12 | 0,02 | 99,99
347 | 72,18 0,15 | 13,54 | 0,06 | 1,78 | 0,07 | 0,80 | 1,60 | 3,50 | 4,80 | 0,35 | 0,97 | 0,24 | 100,04

6807 | 78,00 | 0,17 | 12,09 | 0,13 | 0,95 | 0,04 | 0,66 | 0,81 | 2,60 | 4,60 | 0,02 | 0,16 | - 100,23

6806 | 71,85 | 0,18 | 16,00 | 1,26 | 3,18 | 0,07 | 1,40 | 0,95 | 3,00 | 1,50 | 0,30 | 0,14 | 0,09 | 99,74

Plagiogneisses — 259, 260 (the Khetskvara river basin), 662, 6085 (the Atsgara river basin); plagiogranodiorite-
gneisses — 323-3, 330-3 (the Ptysh river basin) and 6896 (the Atsgara river basin); granite-gneisses — 275 and 320 (the
Khetskvara river basin); granite — 347 (the Khetskvara river basin) and 6807 (the Atsgara river basin); plagiogranite —
6806 (the Atsgara river basin).

Geochemistry of granitoids

Analytical data of 11 samples from Bretonian granitoids of the Main Range zone of the Greater
Caucasus are given below in the Table 4 and are summarized in Figures 4 and 5.

Content of rare elements in the Late Variscan granitoids of the Greater Caucasus varies within a wide
range. In particular, in comparison with the mean content of these elements in typical granitoids (Taylor,
McLennan, 1985) Sr, Y, Nb and Th content is increased, Ba, La and Nd is decreased and Zr, Rb, Yb and U
content is close to that in typical granitoids.

According to Eu/Eu*-Sr/Nd diagrams (see Fig. 4) only one figurative symbol of the Elbrus subzone is
disposed in the area of the common crust. All the other symbols are disposed in the field of the upper crust
(Altherr et al., 2000; Altherr, Siebel, 2002). According to Rb/Sr — SiO, diagram (see Fig. 4) all the figurative
symbols are situated in the crustal area (Taylor, McLennan, 1985). The presented variation diagrams of Rb/
Si0,, Th/ SiO,, Ba/Si0,, Yb/SiO2, Zr/SiO, and Rb/Sr ratios clearly show that areas of figurative symbols
corresponding to the varieties of Early Variscan granitoids are more or less isolated from each other (see
Fig.4). In all other diagrams (U/ SiO,, St/ SiO,, La/ SiO,, Nb/ SiO,, Y/SiO,, Ba/Sr/Na) no regularities are
recorded.

In the plagiogranites of the Elbrus subzone Rb/Sr ratio varies from 0.118 to 0.460 (7 analyses), in
plagiogneisses of the same subzone — 0.045-0.665 (3 analyses) and in garnet-bearing alaskites of the Pass
subzone this ratio corresponds to 0.059. It is assumed that the Rb/Sr ratio for the lower crust is 0.023, for the
upper crust — 0.32 and for the common crust - ~0.03 (Taylor, McLennan, 1985). Proceeding from the above
data, plagiogranites of the Elbrus subzone in the main correspond to the upper crustal as well as to the
common crustal formations, but plagiogneisses and the Pass subzone garnet-bearing alaskites — completely
to the upper crustal ones.

In the plagiogranites and plagiogneisses of the Elbrus subzone and garnet-bearing alaskites of the Pass
subzone, the Eu/Eu* ratio varies in the ranges 0.269-2.745, 0.194-0.214 and 0.146, respectively. These
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values indicate Eu exhaustion in comparison with the adjacent rare earth elements in plagiogneisses of the
Elbrus subzone and partly in plagiogranites of the same subzone and garnet bearing alaskites of the Pass
subzone. Eu enrichment is indicated in plagiogranites of the Elbrus subzone.

According to S. Taylor and S. McLennan (1985) the Sm/Nd ratio for the lower crustal formations varies
within 0.25-0.27 and for the upper crustal varieties it consists =0.17. These parameters in plagiogranites of
the Elbrus subzone vary from 0.181 to 0.258, in plagiogneisses of the same subzone — from 0.186 to 0.203,
but in garnet-bearing alaskites of the Pass subzone this ratio corresponds to 0.272. These data indicate that
plagiogranites of the Elbrus subzone correspond to the upper crustal formations and rarely to the common
crustal ones. Plagiogneisses of the Elbrus subzone and garnet-bearing alaskites of the Pass subzone
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Fig. 3. Petrochemical diagrams for the Bretonian granitoids of the Pass subzone of the Main Range zone of the Greater
Caucasus. Leucocratic autochthonous gneisses: 1 — low potassic; 2 — normal potassic; 3 — allochthonous granitoids.
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have been attributed to the upper crustal formations. According to the above-mentioned authors, the La,/Yb,
ratio for the upper crust is > 9.2, common crust — 9.2-3.8 and lower crust — < 3.8. This ratio for plagio-
granites of the Elbrus subzone varies within 9.5-52.6, for plagiogneisses of the same subzone — 24.10-36.67
and for garnet-bearing alaskites of the Pass subzone it is 9.34. According to these figures, the plagiogranites
correspond to the upper-crustal, rarely common-crustal formations, plagiogneisses and garnet-bearing alas-
kites — to the upper-crustal ones. Eu/Eu* ratios show that majority of plagiogranites of the Elbrus subzone
are upper crustal formations but the other part corresponds to lower crustal formations; as to plagiogneisses
of the same subzone and garnet-bearing alaskites of the Pass subzone — they are absolutely upper crustal
composition.

Spidergrams of plagiogranites of the Elbrus subzone are characterized by low angle of inclination and
smoothly expressed Eu minimums. In one case only (sample N 2859) rather clearly expressed Eu minimum
is recorded (Fig.5). In Spidergrams of plagiogneisses of the Elbrus subzone and garnet-bearing alaskites of
the Pass subzone clearly expressed Eu minimums are plotted.

Issuing from the above stated, it can be assumed that the content of rare elements in Early Variscan
granitoids of the Main Range zone of the Greater Caucasus as a whole is similar to the content of these
elements in the upper- and common-crustal granitoids of the other regions of the world (Taylor, McLennan,
1985; Altherr et al., 2000; Altherr, Siebel, 2002).

Conclusions

In the Caucasus granite-formation processes conditioned by Early Variscan orogeny have been fixed
only in the Elbrus and Pass subzones of the Main Range structural zone of the Greater Caucasus.

In the Elbrus subzone formation of biotitic and bimica plagiogranites, plagio- and granite-gneisses and
hornblende- and biotite-hornblende bearing quartz-diorites, rarely diorites and their gneissic analogues is
related to the Bretonian orogeny. Their enclosing rocks are represented by Precambrian infrastructure. The
plagiogranites, plagio- and granite-gneisses, with insignificant exception, correspond to normal-alkali and
calc-alkali series. The composition of the plagiogranites and plagio-gneisses belong to I type granites, but of
the granite-gneisses — to S and I type granites. Hornblende-bearing granitoids correspond to sodic normal-
alkali and calc-alkali granitoids and to I type granites.

Bretonian granitoids of the Pass subzone are spread within the Late Proterozoic (?) Gvandra suite (the
Buulgen metamorphic complex). They are represented by the autochthonous leucocratic paragneisses of pla-
giogranite, granodiorite and granite composition and by the bodies of allochthonous orthorocks - leucocratic
plagioaplites, plagiogranites, aplites and granites. These rocks in the most cases comprise 1-5% of garnet.
The granitoids belong to normal-alkali and calc-alkali series. All types of autochthonous granites correspond
to I type granites, and the allochthonous ones - to I, S and A types.

Content of rare elements in the Late Variscan granitoids of the Greater Caucasus varies within a wide
range. In particular, in comparison with the mean content of these elements in typical granitoids (Taylor,
McLennan, 1985) Sr, Y, Nb and Th content is increased, Ba, La and Nd is decreased and Zr, Rb, Yb and U
content is close to that in typical granitoids.

According to Sm/Nd, Rb/Sr and La,/Yb, ratios, the Elbrus subzone plagiogranites are upper crustal
and rarely common-crustal formations, whereas the plagiogneisses and the Pass subzone garnet-bearing
alaskites are upper-crustal formations.

Eu/Eu* ratios show that majority of plagiogranites of the Elbrus subzone are upper crustal formations
but the other part corresponds to lower crustal formations; as to plagiogneisses of the same subzone and
garnet-bearing alaskites of the Pass subzone — they are absolutely upper crustalal formations.

Spidergrams of plagiogranites of the Elbrus subzone are characterized by low angle of inclination and
smoothly expressed Eu minimums, but in the spidergrams of plagiogneisses of the same subzone and garnet-
bearing alaskites of the Pass subzone have a higher gradient and clearly expressed Eu minimum.

Issuing from the above stated, it can be supposed that in Early Variscan granitoids of the Main Range
zone of the Greater Caucasus RE content as a whole is similar to the content of these elements in the upper-
crustal and common-crustal granitoids of the other regions of the world (Taylor, McLennan, 1985; Altherr et
al., 2000; Altherr, Siebel, 2002).
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Fig. 4. Variational diagrams for Early Variscan granitois of the Main Range structural zone of the Greater Caucasus.
The Elbrus subzone: 1 — plagiogranite, 2 — plagiogneiss; the Pass subzone: 3 — garnet-bearing alaskite
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Fig. 5. Spidergrams of RE in Early Variscan granitoids of the Main Range Zone of the Greater Caucasus.
Standardizated to chondrite (Taylor, McLennan, 1985). Sample numbering corresponds to the numbers in the Table 4.

References

Afanasyev G. (1958). Geology of Magmatic Complexes of the Northern Caucasus and Main Features of
Associated with Them Mineralization//Trudi of Inst. Geol. of Ore Deposits, Petrography, Mineralogy
and Geochemistry of Acad. Sci. SSSR. V.20. 137p. (in Russian).

Altherr R., Holl A., Hegner E., Langer C., Kreuzer H. (2000). High-Potassium, Calc-alkaline I-type Pluto-
nism in the European Variscides: Northern Vosges (France) and Northern Schwarzwald (Germany).
Lithos 50. Elsevier. P.51-73.

Altherr R., Siebel W. (2002). I-Tyipe Plutonism in a Continental Back-arc Setting: Miocene Granitoids and
Monzonites from the Central Aegean Sea. Greece. Contrib. Mineral. Petrol. P.397-415.

Barbarin B. (1999). A Review of the Relationships between Granitoid Types, Their Origins and Their
Geodynamic Environments//Lithos. Vol.46. N3. P.605-626.

Castro A., Moreno-Ventas J., De La Rosa. (1991). .D.H 2 type (hybrid) granitoid. A proposed revision of
the granite-type classification and nomenclature//Earth Sci.Rev. Vol.31. N3/4, P.237-253.

Chappel R., White A. (1974). Two contrasting granite types//Pacif.Geol. Vol.8. P.173-174.

Clatke D.B. (1992). Granitoid Rocks. London. P.283.

Dudauri O., Togonidze M., Vashakidze G. (1999) Regional Problems of Isotopic Geology//Proceedings of
Geological Institute of Acad. Sci. of Georgia. New series. Vol.114. P.118-132 (in Russian).

Gamkrelidze 1., Shengelia. D. (2005). Precambrian-Paleozoic Regional Metamorphism, Granitoid Magma-
tism and Geodynamics of the Caucasus. Moscow. “Nauchni Mir”. 407 p. (in Russian).

Loiselle M., Wones D. (1979). Characteristic of anorogenic granites//Geol. Soc. Amer. Abstr. Vol.11. P.468.

23



Mikheev G. (1965). Intrusive complexes of the Caucasus Main Range area in the Aksaut, Bolshoy Zelen-
chuk and Laba headwaters//Sov. Geology. N 9. P.134-142. (in Russian).

Okrostsvaridze A. (1995). Petrology of Hercynian Granitoidic Series of the Greater Caucasus //Doct. thesis.
Geol. Inst. of Acad. Sci. of Georgia. 354 p. (in Georgian).

Pitcher W. (1987). Granites and get more granites forty years on//Geol. Rdsch. Bd.76. P.51-79.

Rubinstein M. (1970). Regionale und locale Verjugang des Argon-Alere an Beispiel des Kaukasus//Eclogae
Geol. Helv. Vol. 63/1. P.281-289.

Shengelia D. (1972). Petrology of Paleozoic Granitoids of the Northern Caucasus//Proceedings of Geol. Inst.
of Acad. Sci. of GSSR. New ser. V.34. 247p. (in Russian).

Shengelia D., Gamkrelidze I., Tsutsunava T., Shubitidze L. (2008). Petro- and Geochemistry of the Late
Variscan Granitoids of the Caucasus//Proceedings of Al. Janelidze Institute of Geology. New series. Vol.
124. P. 204-221.

Taylor S., McLennan S. (1985). The Continental Crust: its Evolution and Composition. London. Blackwell.
384 p.

UDC 5523

LOdo@MNBIRML 3IBMDBMIDN 8533530 DBANL dS6300)5@ IS0
bM3SRO 356(M6D(MB0IATd560

(). RIR5I®0, 3. BM360II, 3. 3535303

Lodotmggeml aobosnegdols s 39360909001 LsdobolBMmL Llod segdlsbo®g xobgenadols
3gm@ma ool 0bLAoR Y@, mdogobo 0171, 3. sengdlodols 1/9. gar.gml@e: odudauri@gmail.com

dgbmbmygdo dsgdoBobdo 0b@gbloyg@ee gsdmgmobos ysogdya ©s gg305bEsOEYE  g3mJgddo.
Pgo0gd o 0bBOYboggdo oM ggggeo 60dbgdol dobgegom goghmosbs 0b@®gboya 3033 gdlgodsw.
06d@gboygao dopdo@obdobs s gy 3obobIol aodyggne MLy s bogMgdo asbgomsdgdols Logy-
d39e0bg  aodmoym  FYs0@ o gy 3oby@-3am @ mbydo sbmEosios. ag00bEsMEm  g3mdsdo ©olog-
9o Lods®mgganm@o hodmygomodms B9 g g9 3obyd-3ey@mby@o, bowm Lodb®gm-s@dmlbsgmgn bo-
JoOmggammTo — 300-30g 390 goby@-Lyodgye gobygdo skmEosaos.

General Peculiarities of the Development of the Mesozoic Magmatism of Georgia. O.Dudauri,
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The Mesozoic magmatism intensively displayed in the Middle Jurassic and Late Cretaceous times. Middle
Jurassic intrusions by definite features are united in intrusive complexes. According to the development of volcanism
and intrusive magmatism in definite space and time, the Middle Jurassic volcanic-plutonic association was
distinguished. In the Late Cretaceous time in Western Georgia an alkaline volcanic-plutonic association was formed,
but in South-Eastern Georgia — calc-alkaline volcanic-subvolcanic association.
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B Me3030e MarmMaTH3M MHTEHCHBHO IIPOSIBUIICA B CPeAHEH ope u mo3aHeM Meiry. CpeqHeopcKue HHTPY3HUBHI 110
OIIpEJIeNICHHBIM NPU3HAaKaM OOBbEIMHEHBl B MHTPY3UBHbIE KOMIUIEKChl. Ha OCHOBe pa3BHUTHS ByJIKaHHW3Ma U MHTPY3HB-
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Abridged English Version

On the territory of Georgia an intensive tectonic-magmatic activity was displayed during the Middle
Jurassic and Late Cretaceous epochs. In the Bajocian as a result of aerial volcanism a thick (up to 3 km)
series of basalt rocks was formed, which is widespread in the Gagra-Java tectonic zone of the Greater
Caucasus, also in the peripheries of the Dzirula and Locki crystalline massifs.
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In the Bajocian volcanogenic rocks in the form of more or less propagated horizons, in ascending
order the following rock types are distinguished: spilites, augite-labradore bearing porphyrites, hornblende-
and plagioclase bearing porphyrites, hypersthene basalts, biotite-porphyrites, acid rocks (keratophyre, quartz-
porphyrites). In the section of volcanic rocks amount of augite-labradore bearing porphyrites and hyper-
sthene basalts constitute more than 70%. The other types of rocks are spread in distinctly subordinate
quantity.

Calc-alkaline weakly differentiated rocks of the basalt series represent products of the Bajocian
volcanism. The series is built up of lavas, lava- and tuff breccias, where the breccias considerably dominate
over the massive lavas.

The initial low ratio (*’Sr/*°Sr= 0,703-0,704) of strontium isotopes in the rocks of the Bajocian
volcanic series points to the mantle origin of basalt magma.

In the Bajocian, at the end of volcanic activity or after its completion, a set of synorogenic multiphase
hypabyssal intrusives had been formed.

In order to establish the regularities of intrusive magmatism the authors have united the intrusive
bodies in intrusive complexes. Such grouping of bodies was based on: 1. Their spatial relation; 2. Coevallity;
3. Similar geological conditions of their formation, i.e. relationship of the intrusions with definite geotectonic
zones.

There are distinguished the following Middle Jurassic intrusive complexes: the Gorabi-Kelasuri —
connected with the Gagra-Java zone of the Southern Slope of the Greater Caucasus; the Kirari-Abakuri
complex located in the Chkhalta-Laili zone; the Sanchari-Bzibi, Etseri-Mulakhi and Kardivachi complexes —
connected with the Main Thrust of the Southern Slope of the Greater Caucasus; the Khevi-Chalvani and
Locki-Poladauri complexes — spread respectively in the Dzirula and Locki crystalline massifs.

In the Middle Jurassic intrusives, magmatic process developed in homodrome direction. In the first
magmatic phase peridotites, pyroxenites and anorthosites had developed. The mentioned rocks are results of
differentiation of basic magma. In the second phase took place intrusion of basic magma producing gabbroid
rocks. In the next phase diorites and then granites have developed.

The Ushba-Etseri and Kardivachi intrusives extremely differ from the above scheme of development
of basic magmatism, since this magma was not differentiated and was crystallized as diabases and diabase-
porphyrites. In these intrusives occur albite-diabases, albitite dykes and not large bodies. In other intrusives
albite-bearing rocks and albitites are absent. The gabbroid rocks contain just only basic plagioclase.

In the Middle Jurassic intrusives, the gabbroid magma is of mantle origin. In gabbros, pyroxenites and
anorthosites *'Sr/**Sr ratio is rather low and corresponds to 0,703-0,704. Correlation of the chemistry of
basaltic volcanogenes and gabbro intrusives of the Bajocian age established that basalts were melted out
from the undepleted mantle, but the gabbros — from the depleted mantle reservoir, which was relatively
enriched in Mg, Fe and especially in Ca.

In the Middle Jurassic intrusive complexes prevail granitoids. The granite magma is of palingenetic
origin. Its melting from the ensialic crust was conditioned, on one hand, by total heating of crustal rocks in
the Bajocian, provoked by basalt magma and on the other hand, by the thermal effect of gabbroid magma.
The authors have identified this process as a two-stage thermal model of granite magma formation.

Granitic magma underwent differentiation producing alaskites, aplites and pegmatites. According to
numerous characteristics the considered granites belong to I type granites established by Chappel and White.

The Middle Jurassic granites bear the features inherited from the crystalline basement (Dudauri, 1972).
In the rocks of crystalline basement, Sr isotope ratio varies within wide interval and are indicated both low
(0,702-0,704) and high (0,708-0,713) ratios. In the Middle Jurassic granites, this ratio corresponds to the
value (*'Sr/*'Sr=0,705-0,706) transitive between the mantle and crust. It can be assumed that granite magma
was melted from the rocks with low *’Sr/*’Sr ratio.

According to numerous geochronological data it was established, that these intrusive complexes are of
Middle Jurassic age. Mean value of these data constitutes 168 Ma.

In the Late Cretaceous time, in the western subsidence zone of the Georgian Block (in the environs of
Kutaisi-Tskaltubo) and in the southern limb of the Racha-Lechkhumi syncline the vein bodies of teschenites
of different thickness had been formed; they were concerned with sublatitudinal deep faults. One vein body
is exposed in the lori river-gorge and it also is connected to Avadkhara-Sabatlo deep fault. According to
geochronologic data, the teschenites are of Late Cretaceous age; low ratio of strontium isotopes
(*’Sr/**Sr=0,703) points to their mantle origin.

In Western Georgia volcanogenic rocks of alkali basalt composition are widespread as well; they are
known as the Mtavari suite and are dated as Turonian-Santonian. The spatial relationship, age identity and
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similarity of mineral and chemical compositions of this suite with teschenite bodies enable to distinguish the
Late Cretaceous volcano-subvolcanic association.
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On the example of the Pontian-South Caucasian paleoisland-arc deposits main features of spatial-temporal
relationship of non-ferrous metal deposits and their host rocks, and evolution conditions of ore-magmatic systems are
discussed. Authors’ interpretations are based on geological surveys, isotope ratios of strontium, sulfur and oxygen in
ores and ore-bearing volcanites, content of rare elements and data of thermobarogeochemical studies.

Ieosioruueckasi Mo3unMsi BYJIKAHOT€HHBIX MECTOPOKIEHUH LBETHBIX METAIOB MaJIe00CTPOBOAYKHBIX
coopy:xenuii u yciaoBusi ux popmupoBanusi. M.A. Kekenaus, C.A. Kekeans, I'.JI. Acatuanu, H.I'. Cagpan3ze,
H. 3. Taruunnze, I1I. AGaynaesa, A. Mcmaitroa. MunnctepeTBo nmpocsemenus 1 Hayku I'pysun, FOJIOII nHCTHTYT
reonorun uM. A. J[xanemunze, Tounucu 0171, yin. M. Anekcuaze 1/9. E-mail: sergokekelia@yahoo.com

Ha nmpumepe mectopoxxknenuit Ilontuiicko-HOxxHOKaBKa3CKON JIEOOCTPOBHOM IyTrM PacCMOTPEHBI MPOCTPAHCT-
BEHHO-BPEMEHHbIE OCOOCHHOCTH B3aWMOOTHOUICHUH MEXAY pydaMH I[IBETHBIX METAIOB M BMEINAIOIMMU HX
[IOpPO/IaMH, a TaKXKe YCJIOBHS 3BOJIONMHU PYIHO-MarMaTHueckux cucreM. IlpeacraBieHus aBTOpoB Oa3upyroTcs Ha
Ie0JIOTMYECKUX HAOIIOCHUAX, OTHOIIEHUAX M30TONOB CTPOHIUSA, CEPhl M KHUCIOPOJa B PyAax M PyAOBMEINAOIINX
BYJIKaHHUTaX, COJIEPKAHUH PEAKHUX 3eMellb U JaHHBIX TEPMOOAPOreOXUMHUECKUX UCCIIEJOBAHUM.

Abridged English Version

In the Caucasian states and Turkey, the most important volcanogenic copper deposits have been found
in rocks that form fragments of the Pontian-South Caucasian paleoisland arc. This paleoisland arc was
actively functioning during the whole Mesozoic time representing the south margin of the Eurasian continent
under which oceanic crust of the Tethys had been subducted (Fig. 1). Different segments of the arc differ
from one another by their structure and geodynamic evolution that conditioned the origin of various types of
volcanogenic ore deposits.

The paper presents brief characteristics of geological environments of ore deposit occurrences in
Turkey, Georgia and Armenia. All of them can be attributed to Kuroko-type deposits, being distinguished by
the character of ore accumulation. To the west, in Turkey, there are epigenetic and hydrothermal-sedi-
mentary copper-zinc deposits that were, most likely, formed in deep restricted basin settings. An example of
the latter is the Cayeli (Madenkoy) deposit. To the east, in the Caucasus, we have predominantly only
epigenetic deposits. Besides, in the Bolnisi mining district (Georgia) there is the Madneuli deposit, which
represents an example of polyformational deposit, being in this respect a unique one. Here, within the
restricted territory (the so-called biclinal structure on the slope of a large volcano), have been concentrated
various kinds of mineralization: barite, barite-polymetallic, gold-bearing secondary quartzite and large-scale
stockworks of copper ores. Judged by the *’Sr/**Sr ratios, some volcanites that are spatially associated with
ores, might have been products of the “differentiation” of undepleted mantle, or other magmas generated in
the lower part of the earth crust.

In the Alaverdi ore district in Armenia, there are Jurassic volcano depressions that host copper,
copper-zinc and barite-sulfide ores; besides, in an uplifted block bounding a volcano depression is located
the Tekhut porphyry copper deposit. All the deposits of the Alaverdi district, porphyry copper including,
contain economic reserves of ores.

On the basis of available literature material accumulated during the last decades and our own data,
there has been created a mental-logical geological-genetic model of volcanogenic deposits. Analitical
laboratory works (identification of ore and rare elements, isotopic ratios of oxygen in quartz from ores,
thermobarogeochemical studies) have been performed in relevant laboratories of the U.S. Geological Survey
in Denver, Colorado, with the participation of Georgian geologists.

In authors’ opinion, ore components were extracted from surrounding country rocks; some compo-
nents including sulfur might have been derived from crustal magmas. Solutions from which sulfides were
precipitated had salinity very close to that of the seawater, being slightly-acidic; copper-bearing sulfidic ores
were formed at maximum temperatures of 410-390°C, and barite-sulfide ores — at about 280°C. Most
probably, the pressure in fluids at epigenetic deposits did not exceed 200 bar. The stable accumulation of
hydrothermal-sedimentary ores proceeded at the sea bottom, at depths of about 2-3km. The boiling up of
fluids did not probably occur, and the mineral zonality similar to that which is observed in present-day “ore
hills” may be explained by the subsequent re-distribution of ore-forming components as a result of the
destruction of the “hills”, and their diffusion from lower levels to upper ones during the process of ore
leaching by ore-bearing fluids.
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(Ti02<0.9%), (3003mbogdols (40-50ppm) ©s 0dgoomo dofs gangdgb@gdols (0dg) odsano d9di339-
@ogdom, opdgmgg, Zr/l-dgxsdegdol dgodg dbodgbganmdgdbom — 2.5-3. agmjodoy@o  dobo-
Losmgdemgdom Gm@godgdo obemggds 390m3ml bsdsml (053mb0s) 5bgbodobom@gdls ws
goxol  Jygbdymms  @goaol  meEoam3gby®  dsbom@Bgol.  dgdemgol  ob®om, smbodbyao
doboloomgdengdo dgodengds ogml Hodmygyomodgdgemo @gogol 300m398do doobds@omgdgemo
Jobgdol gm@dodmgdols dohggbgdgeno. dgbodsdolisw, hggbo ggmJodoygdo dmbsigdgdo gbws doygmo-
09509l g9bdyams gxGem “dnfogya” Jsagm@ joambyg, Gmdmol BMoadgbGgdo gsdodgm gdy-
oo 33009 goggobool Lolgdsdo. (s Zr/lI —dgxsdwgdols 3b0dgbgermdgdo aoEomgdbom dowms-
oo o(309gddo — 9.5-112, Gommongddo — 2.7, dobog@gddo jo — 3.7-4.1). sd@0ps©, 0339090
39mJodoyd dohggbgogemms godmygbgool dglodangdenmods Jobgdol gm®mdomgdol ggmeobsdogyo
3006980l olswagboe. mydEs gbos omdgsl, @md gl Jmbab@gds LokoMmmgol ©sdo@gdom
>M9dgbBo050.

bemdbgmols L3ogngbdol ©s do@Mo@-3m@oomnmby®o  Ladoswmgdo (soggdwo, dodenygao,
sbh@omo, 355560) 2obmogligdygemos dysoydya gy 3obmygbyd  3mdde gdldo, GmIaols d@o-
@0 5an5390©ol @sombdo (Ly®d. 4 — hggbl dog®d Dgwggboao sesgg@wols gy jobmygbydo
0935) dgagds (bgdmesb Jggdmm) dgdpgao (omdmbsJdbgdolispsb: dzomyg Loddamsgdols Jgdm-
3969@-oboggdo  Jobgdo; JosmmiamslBodgoo; Fyomdggds jmanggombols @obog®mggdos B
QOMOEIE0  BO000HJo0; ©530Rgd0Ls s obpgbodgool @sggdo. dowsbdgdiggmo Fygds
3OOBOO Y0 2305b609O @0 gY@ 3obmy gby@o 3md3@ gdlom. L3oagbdol do@gs jyen-hobsfo-
bF gm0 Bobg@omobsios wodsbaslbosmgdgamos dmanbolol, seogg@wols s jogsbol Gsombols
Lodsmgodobamgol. dobgnmbyg 3bmdogros mJdOml dobgBomobsiEos dgmdee 3350 30¢gddo,
230939 d5M0E-byEgoy@o gsdsbgds do®wggdols s sdMgEo dyomdgdols Loboom. sans-
39000l do®@gya-hobsfobfgeo s dodmgyao dobosbo Lbgymgdo gobeoggdgaos 3300 (3-
LgH0i3od-Jermdodosbo dg@slmds®oBgool gofdm bmbgdol Logs®do godmmd®ogo 3GMm3ogno-
B9ool gmbby.

3o gm3bdgemms @ goemol o 9o LgadgbBol aodobgdol bobosmol aoblbgsggdsbo
30053060 3ogdo®Tos gy 3obgdols g9bJiEombodgdol ggmwobsdogy® @ggodmsb. 9bps swgbo-
dbmo 5309039, M 3306 3oggobool Ggyombdo gg@Heo mommbgdols doGmmg®dsa -
sbogngdo dobosbo dymdgdols (hogeols Godo) dgdbs ¢39@L3gdHogms, gobsowsb dosmo woy-
Hmggoobmgol o 5@ s@Lgomdl ggmeobsdogydo Laggydgangdo.
dogego  asbgobogrmm dmegeno, Gmdgeoi  gbgds ggdowo ommbgdols gy jobmagbydo
Lodomgool dos@seb{omdmddmdo Lolidgdgool aobgomemgdsl. Fo®dmwagboemo 99693 9®0 Im-
g0 gbos gobgobommm Amam® 3, obg gwigom, soLEMsJE0s, MMmdgedoi dbgwggemdsdos
doemgdamo LobEgdsdo dodpobs®y 3Mmm3gLgdol LESbEsOGYmMbs, ©s oM 0bpogowydgdols
(Lodowmygdol, dopbosbo Lbgyangdol) dbgoglgds. gy gsbydo momgdol Jg9d (dobyyemol s
hogeool dsgomomo) s@0bodbgds Jobgdols s Fobgdols 0bGgbloymo Jodmmmng@dsgy@o dg-
(3320 900. Sy Feryogdols Fys®me Joohbggobgb dopadyd 396golL; mydis gl Fomdmeagbgdo
‘dgogoms 030l godm, G®I dbgemo sblbowos oo Hosmgbmdol Fymols olgdol aodmymays
> dolo dmbofomgmds JopBmmg®dsgmad 30mEgldo. mgomn dgfobobdo gengowgdol @sdm-
gogols dsad9®o  3909d00sb Ygoomgdom bobdmgmyg dmgengbss. gl solbsbgds 0b@yboygan
bbgyengddo og@m3gdobmds@gdo dgagengdomn s gobaggamgdobs ws Lyegowgdol Lyddos-
OOb3m3geo  gsdmbogme3gdol  mobsdodo  gobofogngdom  Jobdsdgbo  Logroge@gool  3@old-

o gdls s dodigomms dmdols bogdgdo. 0bmEMIY@-39mJodoyg®o ggangggdols dmbszgdgdo
doymomgdgb IgBgmerygmo Fyamgdol oo Momgbmdon dmbsfomgmdsby gy jobmagbydo
Lodsmgdol do@mbobRgdgddo (Ppankmua u  ap., 1984; Cumskos, 1986). gJL3g®o dgb@dgdo,
(Hodgson, Lydon, 1977; I'puayk u ap., 1984) ho@o@goygeo gangdgbBgdols gdl@@sdiEosby Joby-
bd0©sb  Jogmomgdgh 0dsbg, @3 dopdydo s sbsmgdo FoMmdmbsdbgdo  dglsdengdgenos
3oboboengdmegl GmymeE @ommbgdol Fyodm gy 3obmagbydo Lsdsmgdobsmgol. dbmes-
@oem m395b9do dgydmgoano dobogrols boggydgganbg (Pona, 1986; I'punbepr u ap., 1990; Embano-
Ba, Mupnun, 1990; Enesnoa, 1990) dgodangds ogobzgbom, @md dobd@sdy@o do@sb{s®dmmobs
bodEogemogdmes d9dwgao 0sbdodpgzdgeo 30mEglgdol dgdmbgggsdo. 1) dopadgdols  @ol@s-
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@mobooolol; 2) aobg@gdgmo bgosdo@gmo Fygmgdol o 3533530 go0l  9Omog@mJdgoyg-
ool (Lomdyg®o  gbgdgool Fgodm os@ol gy 3obmagby®  wobsagd (ggdsdo dgdmdmogno
063G 9b0g0s); 3) Bobogy@-Jodog@o do@og@mol LGsdogy®o §ybjzombodgds dJoEMmmng®dgdols
3563 300mg0l 5099330 (begol KlggMo ob Jofols Jg@mJol byosdodymo bmbgdols wsbydyeo
LA YJB9Ogd0). oM@ PO Yo s hggbo IMbo39990000 guen 3obmygby® Lsdowmgdl aobo-
Lbgoggdl dgdwgao mogoligdydgdobo:

1. doebgdols 30m33mbgbH Mo dgwpgbomds 53gmogbgdl sdmjowgdyagdsl Jobgdol 3g@cmJo-
dog® mog0LgoMgogdologsh. dopsmomsm, 5bEgbod-dobog@gdmeb ©s bo@®oydosh @omeno-
093056 sbmEoMgdl 3o gbd-oymools Jobg@omobsios (Kpusuos u ap., 1987). s@mbodbaggb,

‘bgesdodo

JmGobebio 989

JmGobembio 860

dodobmb@o 815

vy

2003

I B [ T

1009 0 1008 2008

by, 4. senogg@ols bsdoml dm@obmbsmygdo d@ogmo

I — &9g896o Jg0dsdggdo (domgma); 2 — sbgbo@gools ©s sbgbo@B-dsbom@Bgdol §yggdo (dsmy®o); 3
— 3Oombsdymo  A9R-J3035dzgdo (ds0mly@o); 4 — 3o@ombs@ymo  dxn-J30dodgadol, Guggool @
obgbod-psEo@gdols o sE0d ool Pbgddomdygmo IO ggddomds (dsomby@o); 5 — oEoGydo IGm-
39005 6 — sbgbodgdo; 7 — d@rogoma@sbo@3m@gomgdo; 8 — M®ggggd0; 9 — dobols dodwggdo (3gom(3-
30M0@-Jo@ 303000H0); 10 — Jobols FBm3gdo (30M0d-Jom 3m3000f o dgoagboeomdols dsbogmo s
VBA™339M 390 Jobgydo).
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OmI  FYomggobydo  Jgool dopsbds@o@mgdgmo  Jobgdo (dsbogm@gdo) VgoiEeggh @ommbgdols
Jobag9egdols bggdhge sa®gas@gol (Ilpoxonues, IMpokomues, 1990). dyomggabydo Jgool @og-
AYo  ggeol Lyddydg 989boggdo, dobgdomgdo, jg@dmw, gamobmdo®mJlgbgdo s dob-
g@ol I35 gd0 “F390900L” Lobom dgoi3eggb Lyyengowgdls (Axumues, Ilapamos, 1993). sJgosb
Pgodangds ogoliggbom, GmI bmaoghmo dogdy@o Jsbo ogm dowsbd®mweyd@oygaro.
2. 3opbosbo 335bdgdol oy gddo dJoEAmmg®dgdol dog@szool 3bgdby smobodbgds Jobgdols
dobgomydo  Ygopgbogrmdol  dg3gergdo.  3gddme, dowboli oy@mggdol  bmbgdol  Jggos
boFogngddo, godmgengboanos s@aomoboBgdo, boam 0bF®yboggdol bgws ©s RGasbyy®
bmbgddo dolidGodyg®o 3Gm3omo@obsios.
3. doM0p-byengooygdo dobgdo gmdse 3300303 90T0 (Bobggeol Lodopm) odgmagbgdgb
2058339005© 25dmbo@ e bmbogmdsl. L3ogngbdols s L3ogrgbd-ogmools dobgdols d@m-
33993900 bdo® dgdmbggzgodo  gooRs@ymros  msdsdo@-sbdow@o@ymo w@obbgdom, bogrm
om0 Lobydogol Jobgddo o@obodbgds 3gds@odobsigool 3Gmiglo. sbgmo Lydemo odsbslo-
3090ge00s 39Omgmb Godol Jop®mmng®ds@mudo sbsgngdo dobgdolsmgols (Mamykama, 1973).
4. 3o@amng@domy®o blbs®gdols do@omosbmds sbarmbss bwgol Fymols do®o@osbmdsliosb,
dop o3 dgomgbom  asdwop@gdygemos Fe, Ag, Pb, Cu s Zn (Mottl et al, 1979), @sdogoo
do@0@osbmds  sdsbsbosmgdgamos  mebsdgedmgg  doesbfomdmd]dbgamo  ganyomgdolsmgols
(bopraukoB u ap., 2004; boprHukos, Buxentses, 2005). 53539 ©@mb 33009350 gd0 Lyenagoogdol
Fo@dmdmdoliols doygmomngdgb sydgmgg Fombgdol s@lgdmdsby (bopraukos, Bukentses, 2005).
9L 3mbs399gd0 domgdymos 33009 3o335b00l badswmgdol gl{ogaobsls (Kekemus u ap., 1991;
Kexemus u ap., 1993). 93009 3oggobool Lodswmgdbg dobg@omFo@dmdmdols G9d3g@s@yg®goo
domgdamo  3mdmagbobsizool  dgmmeomn  godols  Ldoggbdol  Lodswmgdobomgols 410-390°C,
b5M0@-3me0dg@omy@o Lodsmgdolbamgol “280°C (Spomesunu, 1985); {bggs dgtygmol 150-sb6
250 do®o8g (odmygbgdymos Yg3omeol osp®sdgdo — Shepherd et al., 1985). g. oo®mdggohols
dmbo399900m  dobgyaby L3ogngbdols s Fygoo-oygmools dopbgdol Fo®dmdJdbgero blbo-
960l doMo0sbmds 5O s@gdsBgdbmes “40 a@. NaCl g33. 9o @o@d@ blbsdby.
5. 4395y bgeliog@gemo 300960 do@MMmmg@dsgy@-ooboggdo d9omdgdols Bopbgdol L e-
dog o oaMmggdolomgol 0Jdbgdmes bmgol s7xbgdol glggmbyg, 2-333 Low®dgbg (Stackel-
berg, 1985; I'abmuua u ap., 2000).
6. 3mbs393900 Fyomdoswobs ©s gobgdowols 0bm@m3y®o dgoygbognmdols dglobgd gyan 3obm-
3969960 d5M0@-3meodgdomydo Ladswmgdol 33o63d0, do@o@ls ©s goenioddo doygmomgdl
390 9ma o Fgmol doogo mbom dmbsfomgmdeby dosbfo®ddmTmdols 3Gm3gLdo. sdsgy
AL d3ge 300900 >wbodboggb, Gmd L3ogngbdol bmyo Lsdoml Fo®dmBmoolsl o®obs -
mgd Ooel SOy gdes dopdo@magby®o (yseno (Opankmun u ap., 1984), dmbszgdgdo Liyan-
gowgdols s Lymasdgdol amao®woli 0bm@m3y®o dgoagbogmdols dgbobgd osBog@myge-
Omgobos s, Ladfybodme, 5@ odaggs amaodols Fyodml swagboli Lodysmgdsl.

doambolRgdgdol gobgoms®gds s gybjombotgds gy 3sbyd 3md3amgdlbgddo dgbe-
denms Foddmgowgobmm dgdegabso®se: ©slsfyolido @gomlbygebs @s 0b@@s@gomy®d 59bgd-
Jo — @egomy® ©936glbogddo yOMmgEgdmEs gy 3obma gbyd-sbsagdo (omdmbsdbgdo (G-
3003 Fgbo, gy gebyg@o Jobgdo Ygwggboemmdom 3sbgbmdl 3o@@ydg Lydoobl); gy obobdols
‘dgbgergdol dgdgy (390 gobygdo LA®YJBnegdol 0bggdlools 3g@Momedo) bogdmws 0bB® -
bogdol gdmg@s ©s  J@obEsmobsizos dofols bgosdo@opsh ssbenmgdom 2 33, bogrm
bwgol glggHowsb 1 33 Low®dgby doAmog@hdsgy@-psbogngdo dgomdgdo dJobg@eeydo dg-
©ygbogmdoms s LEYJHYhom dbasglos mobodgodmgg hodf@smo 9.f. “dogo 3793900 9d0-
157, Bobg@Bom o bmbogrmds dom@o soblbgds FosbFo@dmddmdo 3md3mbgbBgools gowsbsfo-
093000 “dobosbo 3@ (33900l sBerol Ygwgasw s dgdamdo ©ogngMmgbioszool dggysw
bygos ©mbygdby (Hannington et al., 1986; Enpanosa, 1989).

3000350 gmols 39bdymms ool gy 3560@godo 3bmdogos 3y@myml Godol Jop@m-
0 g@Hsgy@-sbsagdo dyomdgdo (de Ronde et al.,, 2003). mg@dmagmJodoy®o ggargggdols dmbe-
(399ms dobgpgom do@Omng@hdseygdo blbs®ol ds@ogosbmds dghygmodws 22 sb 39 NaCl-
333 Ymbomo %, boerem 3mdmggbobsicool Bgddg@e@y®sd Ygswaobs 175-322°C. dmygsboano
dmbsoigdgdo  doymomgdgh  Gg@Mseommbosbo  dobgdol  gm@dodgdols  Bobogy®-Jodoydo
300980l LBsbos®@nmmdaby, doygbgosgse o0dobs, oy 93039698 9®0 09 JoOMmg@Is-
m@-obogngdo abom bm@Eogamwgds doebpsp®mggdol 3Gmiglo.
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bwgol gLggHol 300mdgddo geoygowol glGsdomobsigos doli gobygols ws Bgd3gde-
BBl ©o3gdsbmob oMol s gogdodgdymo. o “dogo IFg39e0gd00sb” sdmbmbgyemo bylidgb-
bogdol  dgwggboemmdols (30Go@o, 30OmE0bo, Lgsmg@mo@o) aomgsmolifobgdom dgodgrgds
0539350, O™ @omnmbgdol BMsbL3MMmE0Mgds b gdms Jommbiygmaonyg®o 3mddagllgdols
Qm®don. 93029690 M0 Lodswmgdol  dobgdoeo®dmdbol w©mbggdo  bmaswsw  dgodangds
‘dggoodmen “dogo IFg39e0gdol” Jognsggdol bmbgdl, @mIgmms beg@dymds obmdsgny®ds
B0bog@-Jodo@ds  35(5dgBMHgdds  gobodommdgl  sbdo@oBols s @z0bol  Lyeeoegdol
9ONEOMY@0 A5300Es@gds. 53 300M3gdl 3sLybmol PO, dobodsgnydo od@ogmdgdols 3Jmby
Joe®mlolEgdgdol bmbgdo, GmImadoi HaS-SO4™ 05658560 5JHogmdgdols go@gdm@o gdmbgy-
35> d0M0@0l dpaMoEmdol Jggos Lobegs®l (Ppanxkmunr u ap., 1984; Teamupenuuse, 1987; Kekelia
et al., 2004). bebogrmds gy 5bmygby® do®o@-bymgopy® dyomdgddo soblbgds dgdwgyo
5™ gdom: 1) Lgsamg@o@ls s o gbo@dmsb dgoemgdom Logrgbdol 80bgdsmgdol blbo-
omdol YBOM oo ©sIM o dYE gdom  {9d3gAsHYMologsb by bogdmgdol Lbgowslbgs
g @opmdon (Opanktun u ap., 1984; Opunnukos, 1988); 2) S 306396G®oG00bsgs6 @omnmbols
@ gdgol ©sdmowgdagmmgdom. sbig dsgsmomsw, blbs®do @onmboms 3mbigbd®szogdols me-
bo@mamdols dgdmbgggsdo Ldogngbdols s mymools oengdgels Gygosbmsb dgwomgdom glo-
dodmgds HoS  gdm  domogo  jmbigb@doiogdo  (IameeB, 1989). golbsmgoeolfobgoganos
5309039 3MA0MEFYomdsmosbo boMmog@ols aogengbs, @Mm3mol 959JB0sbmds asbolobmgdgds
S* 33009 obzgbd®ogogdom (KpaithoB u ap., 1988). o0p®mmngddsmed-osbomgdo  dowsb-
©3MM3900L 300Md98Tdo (AmEgLsi dobosbo “dmm3ggdol” Bobg@omydo bmbogmmds Fom-
0o gbls dobosbo dsliol go@s3@oliEomgdols, aoblbols s gowamgdgol dgpgal) Lyargow-
VomdmJdbols hobdmds ofggds of, bowsi mgmdgdo s@(g396 bmbgdl, Mmdgmgolsi sbolosmgdm
Jobgdool domogo 3oMosgydo [bggs, - ©g30glogdol Godaegdls dJowds b dygmdgdols
mogbyg. o3 dgdmbgggsdo godmomgdgds @3obols s 8obyobydol gobagymgdo, bmenm dowsb-
bgs Fygogodo FoddmoJdbgds 0sli3gdo. s@bsbodbogos sp®gmgg, Gmd bwgol glyggmby dowsb-
3MMgg00L  dgJobobdo (Jobosbo bogmogmgdol bdodo aobdgm@gdeo sdmbgmdggdo) oym
3obdLobwgBgano doboydo Jmenhgosby®o obsg@mggdol gm@do®gool OMLsE. Go@ dgg-
bgds 0 JOmbds@otgdgen 33003006 do®mgeggdl dobyymbyg, dsmo [o®dmdbs, hggbo (o®dm-
agbom, 9JLdemboygdo 3@gdhogool BMMIoMgdslmsb oMol mobs@myamo  (JoEBH Mo @Hds-
g0 gomasxglol sfygdomo 3gBomeo). mJ@Oml, 3goM30bs s d3goMg Momwgbmbdom Liyenego-
0900l aodmagdgs Igmdoe 33503089070 bpgdmws dsads@mygby®o geyools gb@sdogo-
boool wA™L. h. 3gobdoho (Heinrich, 2005), ®mdgeroi Lfsgemos o Jdm-L3ogn gbd3m@eo-
g0 Lodomgdl, sbodbogl, G®I dowsgno Fgddg@s@y®gdol 30GMmbgddo wodsaro §bgggdo-
Lol brgds dogdo@mygby®o geogowgdols gombggomgds 3gBgomagbymo gobydo gowsliganol
35099y, goM9dmigobyg Bomo bgasgmgbs solbsbgds gomoydosh ©s 3Gm3omody®d (g
39070, mJOmlidgdizggero dEodgbygmaogmo g30mg@dgmmo bsdsmgdol boby®deogs® 64bd-
(30MboMgdom 3o®mbolRgdgddo dswseos Igdgmageo Fyamgool Foano. sdol dogbgosgsw,
d33209350ms  goMayom, MMM Jodmboli@gdgddo dgodengds gdmg@ebom dogdygdo o9bgdols
OO0 J@olgod-3mbogblo®gdygm blbo@mgol. woliggbol Lobom jowgg gombge gybgedm bobls
0dols, OmI Jowbosbo BobgBoamgdol mgMdmdsmmygmodoy®o  33egggdol dMsgsmmoibmgsb
dmbogdms dobgrgom, 3o gm J1bdymms® gogy® boggdbmdosms BgHoo @omnmbgdols Ladswm-
9%0, doygbgosgoe 0dols my @s abom bpgdmwes domdo Joobesa®mggds, hedmysamods
dbaogl PTX 30039830 o sdo@md, a9bgd @  d0g3n0gbgds  gmmosh gy 3obmggbyd
s,

References

Altun Y. (1977). Geology of the Cayeli-Madenkdy copper-zinc deposit and the problems related to
mineralization. Ankara, Mineral Res. Expl. Bull., 89, p.10-24.

Biju-Duval B., Dercourt J., Le Richon X. (1977). From the Tethys ocean to Mediterranean seas; a plate
tectonic model of the evolution of the western Alpine system. Histoire Structural de Bassins
Mediterraneens, p.143-164.

Cakir U. (1995). Geological characteristics of the Asikdy-Toykondu (Kiire-Kastamonu) massive sulfide
deposits. Mineral. Res. Expl. Bull., 117, p.29-40.

49



De Ronde C.E.J., Faure K., Bray C.J., Chappell D.A., lan C. Wright I.C. (2003). Hydrothermal fluids
associated with seafloor mineralization at two southern Kermadec arc volcanoes, offshore New Zeland.
Mineralium Deposita, 38, p.217-233.

Giiner M. (1980). Sulphide ores and geology of the Kiire area Pontides in N Turkey. Mineral Research and
Exploration Bulletin, p.65-109.

Hannigton M.D., Peter J.M., Scott S.D. (1986). Gold in sea-floor polymetallic sulfide deposits. Econ. Geol.,
vol. 81, p.1867-1883.

Heinrich Ch.A. (2005). The physical evolution of low-salinity magmatic fluids at the porphyry to epithermal
transition: a thermodynamic study. Mineralium Deposita, 39, p.864-889.

Hodgson C.L., Lyndon S.M. (1977). The geological setting of the volcanogenic massive sulfide deposits and
active hydrothermal systems: some implications for explorations. Canadian Mining Metallurgical Bull.,
v.70, p.95-106.

Kekelia S., Kekelia M., Otkhmezuri Z., Moon Ch., Ozgiir N. (2004). Ore-forming systems in volcanogenic-
sedimentary sequences by the example of non-ferrous metal deposits of the Caucasus and Eastern
Pontides. Ankara (Turkey), Mineral. Res. Expl. Bull, 129, p.1-16.

Mottl M.J., Holland H.D., Corr R.F. (1979). Chemical exchange during hydrothermal alteration of basalts
seawater. Experimental results for Fe, Mn and sulfur apecies. Geochim et acta. v43, p.869-884.

Sherlock R.L., Barret T.I., Lewis P.D. (2003). Geological setting of the Rapu Rapu gold-rich volcanogenic
massive sulfide deposits, Albay Province, Philippines. Mineralium deposita, 38, p.813-830.

Shepherd T.J., Rankin A.H., Alderton D.H.M. (1985). A practical guide to fluid inclusion studies. Blaskie,
Glasgow and London, 239 p.

Stackelberg I. (1985). Van and the shipboard scientific party. Hydrothermal sulfide deposits in back-arc
spreading centers in the Southwest Pacific. BGC Circular, 27, 3-14.

Ustaémer T., Robertson A.H.F. (1993). Late Paleozoic-Early Mesozoic marginal basins along the active
southern continental margin of Eurasia: evidence from the Central Pontides (Turkey) and adjacent
regions. Geological Journal, 120, p.1-20.

Yilmaz Y., Tiysiiz O., Yiditbap E., Geng¢ S., Sengor A.M.C. (1997). Geology and tectonic evolution of the
Pontides. In: Robinson A.C. (ed) Regional and petroleum geology of the Black Sea and surrounding
region. American Association Petroleum Geologists Memoir, 68, p.183-226.

Axumnes B.A., Ilapamos B.H. (1993). «Pyzansie» >¢dy3uBbl 6opra pudToBoil monuHbl CpeanHHO-
Atnantndeckoro xpebra. Jlokmaner Axkamemmn Hayk Poccum, 1. 331, Ne3, ¢.329-331.

BoprankoB H.C., Buxentee M.B. (2005). CoBpemeHHOE Cynb(pHIHOE MOIMMETALTNIECKOE MHHEPAJIO-
o0pazoBaHHe B MHUPOBOM OKeaHe. ['eosorus pymHbIX MecTopoxkieHui, Tom 47, Ne 1, ¢.16-50.

BoprankoB H.C., CumonoB B.A., bormanos HO.A. (2004). @miongHble BKIIOYEHWS B MHHEpalax U3
COBPEMEHHBIX CYJIb(OUIHBIX TOCTPOCK: (PU3UKO-XUMUYECKUE YCIOBHA MHHEPATOO0pa30BaHUS H
sBomonust Qurrona. ['eonorust pyaHBIX MecTOpoxaeHui, Tom 46, Ne 1, c.74-87.

labnuna U.®., Mosrosa H.H., boponaes F0.C., CrenanoBa T.B., Yepkamer ['.A., Uneua M.U. (2000).
Acconmanuu Cynb(HUIOB MEIM B  COBPEMEHBIX OKEaHCKHX pyHax THapoTepMaibHOro moist Jlor-
auéB (CpeaunHO- ATnantuyeckuid xpeber, 140451). ['eonorusi pyAHBIX MeECTOpPOXKISHUH, T.42, Ned,
€.329-349.

l'anees W.I. (1989). Ilepenoc BemecTBa THAPOTEPMAIBHBIMH PACTBOPAMHU. 3amluCKH Bcecoro3Horo
Mumnepanoruueckoro oomiectsa, Boi. 1, c.3-16.

I'punbepr I''A., KpacaoB CI'., Aitnemep A.M., Ilopommua M.M., CrenmanoBa T.B. (1990) . I'mapo-
TepMaibHOE cynb(umHoe opyneHeHne B okeaHe. CoBerckas reosorums, Nel2, c.881—91.

I'pmuyk 1.B., Bopucos M.B., MenbsaukoBa ['JI. (1984). TepmoamHamuueckas MOJIENb THIPOTEPMaib-
HOH CHCTEMBI B OKEaHWYECKOH KOpe: OLECHKH ODBONIOIWMH pacTBOpa. leolorws pymHBIX MECTO-
poxnennii, Ne 4, c.3-24.

EnbsnoBa E.A. (1989). ®opmupoBaHue cocTaBa M CTPOCHUS pPyAd MpH COBPEMEHHOM U IpEBHEM
KomaenanooOpazoBannu. Coserckas reosorusi, Ne 12, c.17-26.

EnpsnoBa E.A. (1999). ®opmupoBaHHEe COBPEMEHHBIX M JIPEBHUX CyOMapHUHHBIX KONYEAAHHBIX PYI:
cocraB u crpoerne. B.E. IlomoB (pex.). Momenn  BYJNKaHOTE€HHO-OCAIOYHBIX  PyJO0Opa3yIOMIMX
cucteM. Te3nCHl OKIamoB MeXIyHaponHod koH(pepeHnun. Caukr-Iletepbypr, c.26-27.

EnpsroBa E.A., Mupnmua EI'. (1990). Okeannuecknii pymorenes. Coerckasi reonorusi, Ne 6, c47-55.

50



3onenmaitn AL, KoBanés A.A. (pexm.). (1974). HoBas rnoGampHas TEKTOHWKAa (TEKTOHUKA TIIHT).
MockBa: Mup, 471 c.

Kekemuss C.A., Ambokanze A.H., Parman W.II. (1993). BynkaHoreHHbIE MECTOPOXKIEHHUS  IIBETHBIX
METAJIOB IaJe00CTPOBOAYKHBIX COOPYKEHHH M  METOAMKAa HX  NPOTHO3UpOBaHMA. TOWimcH,
Mernnanepeba, 96c.

Kekemus C.A., Spomesuu B.3., Parman W.II, (1991). T'eonoro-reHernueckue MOJCIU  abIHHCKUX
BYJIKAHOT'€HHBIX MECPOXKIEHMH LBETHbIX MeTauioB Cpenn3eMHOMOPCKOIO METaUIOT€HUYECKOTOo
nosica. ['eostorust u reodusuka, Ne8, c¢.71-79.

KpaitnoB C.II., MarseeB JIL.U., Conomun I'.A. (1988). I'eoxummueckue YCIOBHS OCaXJCHWS IMHKA H
CBHHILIA M3 DPACCOJOB CEAMMEHTALMOHHBIX OacceiHOB Ha cynbpuaHoMm Oapnepe. ['eoxummsa, Ne2,
¢.1708-1719.

Kpusno A.U., bormanoB HO.B., bopomaesckas M.b., I'enkun A.Jl., Kypbanor HK., Jluxaues A.IL,
Muraues UN.®.(penaktopser). (1987). MenHopyAHbIE  MECTOPOXKICHHS —THIBI W YCIOBUS
obpazoBanns. MockBa: Henpa, 197c.

Manykama T., Xopukocu E. (1973). O630p mectopoxaenunit Kypoko B  SAnonun. T.Tamymu (pen.)
Bynkanusm u pynooOpazoBanue. MockBa, Mup, c.129-151.

Monua A.C., 3onenmaiin JLII. (pemaktopsl). (1987). Mcropus oxeana Teruc. MockBa, MHCTHTYT
oKeaHoJjioruu, 155c¢.

OpunnHukoB JL.H. (1988). ObOpa3oBanne pynHbIx MecTopoxneHnuid. Mocksa, Hempa, 255c.

[pokorme I'.H., IIpokommer H.I'. (1990). Obpa3oBanne MeTaUIOHOCHBIX THAPOTEPM HA JIHE OKEaHa.
MsBectus Axamemuun Hayk CCCP, cepus reomoruueckas, Ned, c.34-44.

Pona II.(1986). [maporepmanbHas MuHepanu3anus oOmacTel crpeauHra B okeane. Mocksa: Mup, 160c.

CunsikoB B.JM. 1986. OOmme pynoreHeTHYecKHe MOJAETN SHAOTCHHBIX pyIHBIX (opmanuii. Hoso-
cubupck: Hayka, 243c.

Tamupenumze AI.1987. ['eoxumuueckue yciaoBUS (OPMUPOBAHHUS MECTOPOKIECHHH MACCHUBHBIX CYib-
¢unaBIX pya. Mocksa: Hexpa, 188c.

Opanknun JkM., Jlaitnon [x.Y., Canrcrep H.®. (1984). KomuenanHele MecTOpOXKIEHHS ByIKaHHYEC-
koit accommarmu. b.C. Cxunnep (pea.) I'enesuc pynHeix mecTropoxneHuid, T.2. MockBa, Mup, c¢.39-
252.

SApomeuy B.3. 1985. I'eHernueckue ocobeHHOCTH pyAHBIX (opmanuit KaBkaza mo JaHHBIM H30TOI-
HBIX HcclenoBaHnii. ABropedepar kaHa. auccepranuu. ToOwmmmcu, S2c.

UDC 550.4.08

d0AIROL 3A0LBIRIB0 3L030L SR3IAOLV06S Todd(M65d363301
G0®3(M6330L U-Pb 05MB(M3ID0 33MId(I6MR(MdNS

K. FI6dIR0S, (). RKINSIN0, J. BOLIROIID

boJommggeml aobomagdols s 3g3b0gdgdols LadobolB®ml Llod sagflobpdyg xobgenodols
dgmemaool 0bbRodydo, mdognolo 0171, 3. sengdlbodols 1/9. d_shenge@yahoo.com

355b5@0bgdyaos LA-ICP-MS U-Pb obm@maygco 3gommeon dgbergem gdgao o®3mbgool g@olde-
950l @ omygdo gobmdggdol grgagdo. sEagbogmos 30M3mbol bygmo SlogmdMogo s g9bgHyco
B030: 3003mbo 1 — @R Yo o gmbo (~1400-1200 Ma); zo®3mbo 2 — Bsdmyo@odgdymo dmeno-
3935300 50bIol gMgbgomy® 9Bs3by (~800-1000 Ma); odgmbo 3 — sEagbl 335G G0sb-EoMmGOMA 0
mGO0myb90Lgd0L g@olFsmoboizool sbogl (~650-540 Ma); odgmbo 4 — Fomdmdmdogno 3m@odg@sdm®-
30b30L  2305bds035@ Y@ gHO3bg o ggosbdsogo@y®d  FHmbosmom-a@sbod o Lg@Hool @HolFomobe-
3o0b 3GmEgldo (~530-500 Ma); Go@gmbo 5 — hodmysmodgdygeo ag056g5M0b 3o a@sbo@mowgdols
3O0bBs@obozools ML, sbggg swomFgddg@o@dydao Gegoegdol bgysgmgbom bso®ags® ag5056-
356G 0L ggaolifobs Jobgdby (~330-310 Ma).
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U-Pb wu30TONHAsI TeOXpOHOJIOTHsSl J0AJbNNHUICKHX 00pa3oBaHMil JI[3HPYJIbCKOI0 KPHCTALIMYECKOIO
maccuBa nmo nupkonam. JI. M. Illenresana, O. 3. dynaypm, K. C. Unxenunaze. MuHHCTEPCTBO IPOCBEIEHHUS U
Hayku ['py3un. FOJIOII. UHcTuTyT reonoruu um. Anekcannpa Ixanenunse, Toumucu 0171, yn. M.Anekcunze 1/9. E-
mail: d_shenge@yahoo.com

[Ipoananu3upoBaHbl pe3yabTaThl JIOKAJIbHBIX H3MEPEHHH KPUCTAIIIOB IUPKOHOB JTOAIBIIMHKAX METaMOpP(UTOB U
MarMatuToB J[3upynabckoro maccupa BbIoNHEHHbIX U-Pb u3oronHeiM mMeronoMm Ha ycraHoBke LA-ICP-MS. Beige-
JISIFOTCSL MATh BO3PACTHBIX M I'€HETHMYECKUX THIA UUPKOHOB: Llupkon 1 — nerpurosblii mupkoH (~1400-1200 Ma);
[upkon 2 — GpopMupyeTCs Ha TPEHBHILCKOM 3Tarne nonumeramopdusma (~1000-800 Ma); LlupkoH 3 — ycTaHOBIMBaeT
BO3pacT KPHCTAJUIM3AIMKA KBaplEBO-IHOPUTOBBIX OpTOrHEencoB (~650-540 Ma); Llupkon 4 — oOpasyercst Ha MO3THE-
OaliKaJIbCKOM dTare rnojumMeraMmopdusMa u B Mpolecce KpUCTaJUIM3alM TOHAMT-TPaHUTOBOI cepuu (~530-500 Ma) ;
upkoH 5 - popMupyeTcst Npu KpUCTALIM3ALUH TO3HEBAPUCCKUX TPAHUTOMJIOB, & TaK)Ke MPU BO3JACHCTBHU BBICOKO-
TEMIIePaTyPHBIX (DIFOMIOB HA PA3IMYHBIX OMO3JHEBAPUCCKUX Mopoaax (~330-300 Ma).

U-Pb Isotope Geochronology of the Pre-Alpine Formations of the Dzirula Crystalline Massif (Georgia)
According to Zircons. D.Shengelia, O. Dudauri, K.Chikhelidze. Ministry of Education and Sciences of Georgia.
LEPL Alexandre Janelidze Institute of Geology. 1/9 M.Alexidze st., Tbilisi 0171, Georgia, E-mail:
d_shenge@yahoo.com

The paper presents data of local measurements of zircon crystals of Pre-Alpine metamorphites and magmatites of
the Dzirula massif performed on LA-ICP-MS device with U-Pb isotope method. There are established five age and
genetic types of zircons: zircon 1 - detrital zircon (~ 1400-1200 Ma); zircon 2 - formed at the Grenvillian stage of
polymetamorphism (~ 1000-800 Ma), zircon 3 - determines the age of crystallization of quartz-diorite orthogneisses (~
650 -540 Ma); zircon 4 - formed at the Late Baikalian stage of polymetamorphism and during the crystallization of
tonalite-granitic series ( 530-500 Ma); zircon 5 - formed during crystallization of Late Variscan granitoids and also
under the influence of high-temperature fluids over the various pre-Late Variscan rocks (~ 330-300 Ma).

Abridged English Version

Since the 90-ies of the last century, according to geological and isotopic-geochronological data, in the
Dzirula crystalline massif, the Lower Paleozoic and Precambrian age of some metamorphites and migmatites
has been established. U-Pb isotope data were insufficiently persuasive due to wide range of deviation .At the
same time in the dated zircons was disregarded a heterogeneous nature of this mineral caused by different
endogenous processes — polymetamorphism, effect of granite magma and high-temperature fluids on the
zircon population. Age determination of polygenetic zircon without due regard of age difference between
the crystal core (sometimes detrital) and a rim around it is unreliable.

The present paper deals with the results of U-Pb isotope dating applied to zircon crystals locally. The
analyses are accomplished in the laboratories of the Institute of Earth Sciences, Department of Geosciences
of Taiwan National University and the Institute of Geosciences, Department of Mineralogy of J.W.Goethe
University of Frankfurt. In total 196 zircon crystals are dated on the LA-IPC-MS device.

Mineralogical studies of the pre-Alpine formations of the Dzirula crystalline massif established
morphological and optical heterogeneity of the zircon population. In some crystals, a relict core of earlier
zircon with a later rim is observed. Heterogeneity of zircons of the pre-Alpine formations of the Dzirula
crystalline massif is caused by the presence of zones of several generations that are of different age; here
each of them is represented by an independent crystal phase. The zircons bear signs of detrital as well as
magmatic and metamorphic genesis. Outer rims of these zircon crystals formed mainly under the influence
of high-temperature fluids.

There are established five age and genetic types of zircons:

Zir 1 — 1400-1200Ma, detrital zircon, (results of dating of 6 crystals);

Zir 2 — 800-1000Ma, is formed at the Grenvillian stage of polymetamorphism (results of dating of 7

crystals);

Zir 3 — 650-540Ma corresponds to crystallization age of quartz-dioritic orthogneisses (results of dating

of 18 crystals);

Zir 4 — 530-500Ma, formed at the Late Baikalian stage of polymetamorphism and during the

crystallization of the Late Baikalian tonalite-granitic series (results of dating of 4 crystals);

Zir 5 —330-310Ma, had been formed during the crystallization of Late Variscan granitoids and also

under the influence of these granitoids and high-temperature fluids over the various Late Variscan

rocks — (results of dating of 161 crystals).

U-Pb local isotope study of accessory zircons of the pre-Alpine formations of the Dzirula crystalline
massif are accomplished for the first time. The result of investigation is filling up the gaps existing in
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isotope-geochronology of the massif and considerably specifies the evolution history of the pre-Alpine
polymetamorphism and magmatism of the Dzirula crystalline massif.

The authors would like to acknowledge Prof. Sun-Lin Chang (Department of Geosciences, National
Taiwan University) and Prof. Peter P.J.Treloar (Centre for Earth and Environmental Sciences Research,
Kingston University) for the carried out analytical researches.
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The nature of transformation of high temperature clastogene biotite during the process of anchimetamorphism is
described, that is one of the indicators fixing a boundary between anchimetamorphism and chlorite-sericite subfacies of
low-temperature metamorphism. The indicator is discussed on the example of metasandstones of the Khrami crystalline
massif (the Black Sea — Central Transcaucasian terrane, Georgia).
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Abridged English Version

One of the complex issues of metamorphic petrology is a precise determination of the degree of low-
temperature metamorphism of a rock. At present, there have been defined a whole set of mineral indicators
that are fixing a transition from the anchimetamorphism to real metamorphism; even so, drawing a precise
boundary between them still refers to intricate problems. In the paper is discussed one of the indicators —
character of transformation of a high-temperature clastogene biotite during the anchimetamorphism-
metamorphism process.

At the next stage of diagenesis, a high-temperature clastogene biotite with the increase of temperature
undergoes transformation. This process goes on in the following way: in the anchizone (T=150-250"C) high-
temperature biotites still occur and at the same time appear Ti-chlorite and Ti-phengite, replacing the biotite
pseudomorphically. In the epizone (T=250-300°C) just high-Ti micas been observed, but already appears the
low-Ti (low-temperature) chlorite; at the first stage of real metamorphism — chlorite-sericite subfacies
(T>300) the high-Ti micas entirely disappear and instead, the phengite-chlorite-leucoxene association
appears (Korikovsky et al., 1992; Korikovsky, Puti§, 1999; Yapaskurt, Parphyonova, 2000). The above
anomalous high-Ti micas represent a transient metastable phase, which formed only in conditions of
anchimetamorphism (McDowell, Elders, 1983; Korikovsky et al., 1992). Metastable character of this phase
and the reaction itself is determined by the low degree of structural order. As it is known the low-temperature
limit of real metamorphism passes at termination of epigenetic transformations in the rock, i.e. at
disappearance of metastable phases and the establishment of complete physical-chemical equilibrium in the
rock.

The above-mentioned mineral transformation is considered on the example of the so-called metasand-
stones of the Khrami crystalline massif (the Black Sea — Central Transcaucasian terrane, Georgia). The
Precambrian gneiss-migmatite complex that underwent metamorphization in the Upper Proterozoic time
(prograde high-temperature metamorphism) builds up the Khrami massif; in the Early-Middle
Carboniferous, it was subject to the Late Variscan metamorphism, intense granitization and retrograde
transformations. In this complex, tectonic plate of the allochthonous metasandstones and serpentinites are
fixed (Khutsishvili, 1977; Gamkrelidze, Shengelia, 2005).
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The tectonic plate of the Khrami massif metasandstones is represented by the small exposure
(thickness = 50m) in the Chochiani river gorge (right tributary of the river Khrami). According to the
majority of scientists, the level of metamorphism of metasandstones corresponds to the chlorite-sericite
subfacies of greenschist facies. The metasandstones with quartz-plagioclase matrix mainly have a schistose
medium-grained structure; their matrix consists of authigenic chlorite. Chemistry of rocks is shown in the
Table 1. The metasandstones are represented by the following mineral associations: Qtz+Ab+Chl,
Qtz+Ab+Chl+Cal, Qtz+Ab+Chl+Adl, Qtz+Ab+PI+Chl, Qtz+PI+Chl, Qtz+Ab+Chl+Act+Cal+Ep+Prh.
Allothigenic, authigenic and introduced minerals are identified in the rock. Authigenic minerals are
represented by chlorite, quartz, albite, adular, calcite, actinolite, epidote and prehnite. Among the clastogene
minerals only plagioclase, quartz and biotite are identified. Chemical composition of minerals is given in the
Table 2. All these minerals have forms characterristic of the late epigenesis. The rock is saturated with great
amount of laminated and cutting veins of low-temperature quartz and veinlets of adular, albite and calcite.
Reconstruction of primary nature of the metasandstones shows that their initial rocks were not purely
terrigenous formations and they were more inclined to a class of greywackes or psammitic tuffites with the
low-clay contents; here admixture of andesite-basalt volcanic material occurs as well (Shengelia et al., 1992;
Tsutsunava, Ikoshvili, 1998).

Among the allothigenic minerals of the Khrami massif metasandstones, the most informative phase is
a biotite (Bts4.35) and the products of its authigenic recrystallization. It is very scanty (10%) in the rock and is
represented by 1-2mm flakes; it is of brownish black coloring and has a well-expressed pleochroism, often
chloritizated. Sometimes lack of K,O (sample N 409, see Table 2) is observed, indicative of its intensive
vermiculization during the diagenesis or epigenesis. The non-regenerated clastic flakes of TiO, bearing
biotite is close to common high-temperature biotites of granite composition, but sharply differs from those
low-Ti micas that appear at the biotite subfacies of real metamorphism.

As already mentioned, in the rock is fixed an intermediate product of authigenic recrystallization of
biotite — metastable Ti-chlorite. It comprises brownish black flakes and characterized by weak pleochroism -
changes from colorless to grayish-green and comparative to biotite has a low exponent of refraction.
However, chemical composition of Ti-chlorite is the same as that of the chlorite overall, while optical
properties and chemistry cardinally differs from the newly formed fine- flaky chlorite existing in the same
thin sections. High content of K,0 (0.35 — 3.78 mass. %) and TiO, (0.82 — 2.34 mass. %) and comparatively
high exponent of refraction — Ng-Np = 0.016-0.028. Such chemical composition is entirely atypical for
authigene chlorite appearing in matrix: in the common light-green chlorite of the matrix such values are K,0
—0.03-0.41 and TiO, — 0-0.25 mass.% (see Table 2). Such high content of TiO, in Ti-chlorite is inherited
from the substituted biotite (McDowell, Elders, 1983). As for the presence of K,0 admixture in Ti-chlorite, in
this case it can be explained by the existence of relic packets of biotite.

Authigenic chlorite of metasandstones is a dominant phase of the micaceous-feldspar-bearing rock
matrix and is characterized by light-grey or greenish-yellow coloring and normal optical parameters; it is
relatively magnesian, ferruginosity = 23-45% and almost free of TiO, and K,0. Based on X-ray diffraction
analysis its characteristic reflexes are defined (Shengelia et al., 1992), which correspond to their epigenetic
varieties — septechlorites and leptochlorites. It is known that these varieties of chlorite correspond to the
diagenetic level of transformation. According to chemical composition the authigenic chlorite of the Khrami
massif metasandstones corresponds to a ferromagnesian variety - ripidolith, though slightly increased MgO
content (at the average 21.70 mass. %) is observed, that is explained by the raised index of element content
in the given rock (see Table 1). It should be noted, that according to M. Frey ripidolith occurs in the interval
T =200-250°C (Frey, 1978).

The fact that in authigenic matrix of the rock albite, ripidolithic chlorite, epidote and actinolite are
fixed, could point to temperature conditions of both anchimetamorphism and real metamorphism. Though
the actinolite is more characteristic of biotite subfacies of greenschist facies metamorphism, it can appear in
conditions of T=220°C (Frey et al., 1991; Himmelberg et al., 1995; Schmidt, Robinson, 1997). Actinolites of
the Khrami massif metasandstones with slightly raised content of Al,O; and Na,O (see Table 2) are
represented by small-size prismatic crystals and are associated with the albite domains. Its characteristic
reflexes, defined due to X-ray diffraction analysis indicate that there took place a complete deanorthitization
of plagioclase. Moreover, the absence of any relic of initial clastic hornblende in the metasandstones means
that the occurrence of actinolite in the rock is not caused by the replacement of hornblende. To our mind,
tiny prisms of the actinolite are neo-formations in the matrix of the authigenic metasandstones. As to the
presence of prehnite in the metasandstones, their occurrence in pseudomorphoses of clastic plagioclase is
indicator of prehnite-actinolitic subfacies for the Ca-rich volcanoclastic rocks, but pursuant to the generally
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admitted facies gradation, the above-mentioned subfacies is equivalent to the epizone of anchimetamorphism
(Liou et al., 1987).

The study of transformation of high temperature clastogene biotite proves that mineral equilibria
in the Khrami crystalline massif metasandstones correspond to the conditions of epizone of anchimetamor-
phism (T= 270-300°C), but not to that of chlorite-sericite subfacies of greenschist facies of real metamor-
phism.
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9339 bsdgogo dgBodm@gobdol LoFyol LEswosdo, osmbodbymo dg@ol@sdogydo dobgds-
@9d0 3oM©s0Jdbgods do@am 3@l Jerm@o@ew ©s I9Lgmgoden (89by0dow).

3o bBmygbyg®o  dom@odol  GEsblgm®dsizos dodobo®gmdl  dgdwgabsodsw: sbJobm-
bodo w9 Jowgy p3bggds oo 9d3gMs@d P gemo dom@GoB0 s, 5dsgg WOML, 7439 hbwgds
Ti—Jeomdodo s Ti-gg9baodo, GmImgdox RLgzrmdm@gyms oboagmgdl dob; g30bmbsdo
o>m0bodbgds  dbm@me  Jomom@o@dsbosbo  Jo@dlgdo, dopa@sd 9339 hbegds sdsg@o@obosbo
(odo@Bgd3g@o@ e gen) Jeom@o@oi; bodwgomo 39@0dm@mix0bdol Lofyol — Jeom@od-Lgdo-
3oA Y byodgszogbdo  domsgmBodsbosbo  Jodligdo dm@osbo  JHgds ©s dom  boagens
hbgds sLmEosEos Bgbyodo — Jom@odo — @gogmdbgbo (Lyd. 1). gl sbmdsgrydo Jomogn-
Bo®>b05b0 Jotligdo Foddmowagbl godwsdsgoa dg@sbEsdomy®d Gobol, @mdgemmoi Foddm-
0J3bgds dbmeme 56J089Bodmdgobdol 30MmMmdgddo. domEodol hobsigamgds Ti—Jerm@odom
000l gEbsgdo Imgangbss, 3og®ed s@bodbyamo 3MmEglo 80-05b0 Fenrgdowsb 9339 wonod-
Lo®ps 3g@Om@myoyg® @odg@o@dy@sdo, Gm@Es doMggmse odbs s@fgmomo sbgmo Ti-Jaoem-
@odo (McDowell, Elders, 1983). L. gm®ogmgbgo o dobo 0sbssg®mégdo mgenosh, @3
oG my gby®o dom@odol hobsagmgdom Jglsdanms Ti—ggbyo@ols Fo@dmdbs (Korikovsky et
al., 1992). 3980dm®mx0bdol mbols do@gdsbmob gBmow, Ti—ggbyodo aoMEs0ddbgds Fg®own-
Jaoemgeb 9xughya LyGogodsw, Lowsi TiO; gdEggmmds 9439 @ swgds@gds 0.77 dob.%.
28 gobgdols gBol@odomamo bobosmo s mgom Mgojiosi aobolobwgdgds LE®YIA YO Yo
dm§9boygdgemmdols odsemo badolbom.

bg@. 1. Go@dobosbo Jo@lol ©gbob@ga®odgogmo Jg@Eeo (gbggemdm@gmbs
JobBmagby@o dom@Bodol dodscrm). X 140.
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2335050, g30bmbsls s bsdwgoen dgBodm®eobdl Mol Lobwg®ol aogengds domogn-
B0O>60560 Jodlgdol aoJdmdobmsbagg, dgodangds hoomgo@ml Laglgdom ds@mebmdog@aw,
GoEash  dbm@me  bsdwgommo  dg@sdn@dgobdol wOML  LOgwose  JOHgos IgGol@odomydo
3obgoo s sbmzoszogdo begds Fobslfm@ayeo.

3o bBmygbyg®o dom@odol GOsblym®dsigos Jggdmm gobbognygaos b@sdol 3HolEomy-
@0 dobogol g.§. 390odg035]3900L dsgomomnby.

b@sdol  g@olb@ogydo dsbogo oy9dgmos  3odd@oygaolifobs(?) abgoly®—doads@odyco
3M33@gJlom, @mdgamoi  Fomdmwygboaos  dom@oGosb-gm@eog@odosbo  3amsyomybgoligdoom,
500G 056-GJs@ggodosbo wom@o@ o abgolgdom ©s doads@o@gdom (3mspqoma®sbodyao
> 3Mobo@d Yo @gojmbmdom). sebodbymo Bm@dsizos IgBodmdBobgdymos, Logs®oygome,
b9s30mAFJNMbOmPE ©@MmTo (d5035M0 MAOMBSbol (303e00) s gobEomo gl 3BMmyMs-
0 do@sen®9ddgasd o dg@odem®gobdo. 3nbEdsogsmy® gfodby abgolgdo s dogds-
BOOJO0 350339 33dOM0Eool  doM@ggdom s HMmgdom. sy — Ty  JoMombye o,
OmA969b0l Lygdy® Robodo abgolyd—doads@odygdo 3mddegdbol Jobgdds asbozsws ygo-
obgo@oliggeo  39edm®mxobdo, 0b@gbLogdo  gMsboBobsEos s dobmob o 3o3B0Mgdyeo
G9BOMYAoEY@0 AoMsJdbgdo (INamkpennase, llenremua, 2005). dgrog@dg@odmagobgdyge ;3093-
9dbdo  sgoJloMmgdymos  Lyl@oysdwsdbogno  dg@odgodsdggdols s Lgm3gbBobo@gdols
G9dBmbogydo Jagdagdo (Xyuumsum, 1977) (Lyd. 2).

390 5J30d5]3900L Bgdpmbogydo JgdEmo (o@dmeagbognos x50 3 Loddgog@ols godmlog-
@om de. dmdosbol bgmdsdo (. bAsdol dodxggbs dgbsgowo). gl Jobgdo Lbgowslbgs @™l
‘YgbFoganoamo ofgm . byiodgoel, 3. 3959e0o0sl (Xymumsunu, 1977, Kexenns, Xyuumsunu, 1980),
©. dgbpgaosls s Ubg. (Ienremua u ap., 1992), o. {yfubogol s Ubg. (LUymynasa, Mkomsum,
1998; Iyuynasa, Kopukosckuit, 2005). c. bygodgoaobs s 3. 3gggmosl sb@om, ULylb@ow-
393 3m050bgd gm0 Jobgdo  FToddmagbogmos  dg@odzodsdggoom s  53godmeodgdom s,
3690L9O-80a35@0d e 3md3egJlmsb gOmsp, Ygool b@sdol dobogol s@olLGsm Yo  ob-
©05396¢ 0l 9dggaglo Bm@dsiools dgdswygbamdsdo. oliobo dglodengdes mgaosh gbgdo-
3990 353900l >bodbyen Jobgodls o 3goM00b—omAod e abgolgdl Jm@ol. >mbodbsggb
6o 393 oJ30d5]390d0 dgox30m@  asdmbo@d e QoJmgd®omdsl, og@mmgdo 5@ asdmmoibaggb
doo B9ddmbogy® 3mboiosl abgoliy®@—-doadsdodydo Fomdmbsdbgdols dodos®m. sebsbodbogos,
Hmd gdymdo 33eggol gogae 58580dm@o@dgdol sOLgomds o@ swsbRy®ws (Illenrenna n
ap., 1992; Ilynynasa, Kopukosckuii, 2005; I'amkpemunse, Llenrenua, 2005). @&mgoma @ hobl, dg@o-
Jg03sdgg00L  Bgd®™bogn®o Jghieo Fo@dmwygbomos =50 3 Loddansgdol gsdmlogenon .
dmdosbol bgmdsdo (. bdsdol dodxggbs Ygbsgowo). gl Jobgdo ULbgowolbgs wdml dgl-
Vogaromo ofgm m. byiodgoml, 3. 3939e0sl (Xymumsunu, 1977, Kekenns, Xyummsuny, 1980), .
Ygbageosl s Ubg. (lenrenmna m ap., 1992), o. §3Fybogol s Ubg. (Uynynasa, Mkomsumm, 1998;
Iynynasa, Kopukosckuii, 2005). ™. bygodgomols s 3. 393900l sb@om, byb@owdgdedm®-
gobgdgmo  Jobgdo (o@dmagbognos dg@Hodg0dsdggdom ©s sdgodmemo@gdom ©s, bgoliy@—
dogdo@od @ 3md3egdlmsb gomop, dgeol bAsdol dobogol g@olEsey®o  gybesdgbBols
9dg9ergbo Mm@zl Ygdsmagbemdsdo. olobo Yglodangdeme mgamosh 29bgBogn® 3ogdodl
>mbodbygen Jobgdle s 3go®i0sb—om@o@ e abgoligdl dm@ol. s@bodboggb Go FgHodgode-
J390690 dgox30m© godmbs@ym BoJe gdMomdsl, sg3BMMAgdo 5@ Asdmdoibaggbh dom Ggddmbo-
390 3mboiosl abgoly@—dogds@odgdo FomdmbsJdbgdols dododm. s@lobodbogos, Gmd dgdco-
3mdo 33eggol dgogae 5dgodma@modgool s@lgdmds 5@ opsli@yds (Ilenrenna u ap., 1992;
Lyuynasa, Kopuxosckuii, 2005; Iamxpenunse, Ilenrenna, 2005). Gogom@g hobl, sdgodmeodgdsw
dohbgyar 0gbs >Bobmaodosbo dg@odzodsdggdo. Imagosbgdom, IgHodzodsdggdol wgdswy®o
39 myog@—dobgdogmyoyg®o  3gmggol  Logydggenby,  w©. Ygbpgerosd s dolbds
0060533 MMJd> o5y 0bgl 53 Jobgdol 9R®m sbomasb@ws sbogo s domo semJmmbydo
d9bgds (Ienremua u ap., 1992). yggens bgdmmswbodbyeno d33enggo®ols sb@om, dgBodgods-
J3gdol 39Aodm@x0bdol wmby  dggliodsdgds I(30bg goJegdol Rozogbols  Jarm@o@-Lg®o-

GoOY bgdgogoglbl. bgbb dogé Boghomgdgeo ggenggs go bogdggmb padeggh gogoddmom,
003 o3 Jobgdl aobaomo oJ3l 56J0dg@sdm@B0bI0 s AosgMmolBomgdymos, Logs®agome,

9302969bobol ag0560 LEowool 3o®mdgddo (Lymynasa, Kopukosckuii, 2005).
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by, 2. b@sdol g@ob@omygdo dobogol ggmmmaoyg®o o 9oy gods
(m. byiodgomols dobgogom, 1977).

I-bg@396@0bod0; 2-3g@odg0dsdgs Pzi—Pzy; 3—3690Ly@-3oadsGodydo 3mddagdbo; 4—gsd@mowgdo; 5-3dos
0300060560 2M560H0; 6—3350(3056-3mO RGO Ym0 — aM5b0G0sb-3mBGoM Yo 3mI3@ gJlo; T-B®g93950;
&-H®obla@mgloygmo gobenopgds; 9-dgbmbmym-3o0bmbmygdo wobsggdo Logsdo.

bdodol dobogol 8g@odg0dedggdo balbosmegds ds@@olol goJargddogo Lsdgoemmdsd(zg-
gmgobo  LEOYJda00om, Gmdgmlbog oJgl, doMomsesE, 3goMi3-3aogomgamsbymo  dgoagbo-
@emos (39@ox8Lsdodgon), bomem (39996¢0 Fo®dmwagbomos s9@0y9b9®o  Jaom@oGom. Jobol
Jodog@o gy gbommds’ dm@sbomos b®omPo 1. g@odz08sdg9o@o aog0ymgdamo  Jobg-
Gogygdo  SbmEosiogdos: Qtz+tAb+ChlEBttPl, Qtz+Ab+Chl+Cal, Qtz+Ab+Chl+Ad+Bt, Qtz+Pl+Ch,
Qtz+Ab+PI+Chl, Qtz+Ab+Chl+Act+Cal+Ep+Prh®. Jo630 >006036gds seom@opgbyg@o (gensl@mpg-
b9®0), >3B0ygbyMo s Ygdm@sbogno dobgBomgdo. 59@B0ygby®o dobgBomgdo Fo@mImygbo-
@0 JEm®oom, J3oOE0m, SEdodom, SEUESG0m, JoE30R0m, sJBobmmodom, g3owm@om
s> 30gbodom. JaslBmygby® dobg@ogmgdls dm@ol  wyobgds dbm@me  3ensyomasbo,
335030 ©s dom@Bodo. Jggdmo dm@sboamos dobg@smgdols Jodoygdo Ygoagbogrmds (b, 2).
odgg ©0gbodbogm, @mI yggars gl dobg@ogno asbgomsdgdymos agosbo  g30y9bgbololmngols
sdobsbosmgdgmo gm®dgdom. Jsbo aoxg®goygmos oo HomEgbmdols sdsm@gddg®sd & (-
@0 335030L IHggd®0g0 s 0933900 doMMggdom s SEYPEsGOl, sendoBols s Jomiodol
do®®go39000m. 9B odgodsgdagdols 3oggmowo dybgdols Gg3mblEGYJ3zos dogmomgdl, G™I swbo-
‘dbyemo IgBoglsdoBgool LsFgolo Jobgdo o@ Foddmewygbos §dobpew @gmoygbyen Fomdm-
65J3690L ©o obGgdbmws aMsyg3900L ob GLsdody®o bsgargdmobosbo  Gygodgool gmsbo-
bo3gb; >00b0dbgds, saGgmgg, Sbgbod-dobom@ymo gy sby®o dobogrols Bobs®ggo, Gmdgen-
Lo gobapoao oJgl ©sbsangdo ©0gg@gbiosEos o asdmgodgol 30miglgdo (Llenremma u
np., 1992; lynynasa, Ukomsunu, 1998).

b&sdols dsbogol dg@odgododggdol sarm@oygby®d dobgdoggdl dm@ols yggemsbg 9u®™
068mMA>Gogmo Gobos gansbFmagbydo dom@o@o (Btyss) o dolo 59@0y9by9®o goszdol-
Bogdols 3MmEYJHgdo. 030 3306y Momgbmbdomss (10%) Jsbdo s Fo®dmwygbognos 1-299

? 5bomo@03900 339390 boda@gdmmos Ladstmggmml Bgdboga@o 960396 Loggdol, sw. xsbgaodols
39mema 00l 0bbAoRgdobs s dnlgmgol Lobgadfogm 9bogg@lodg@ol Fglodsdol @sdm@s@mmogddo.

4 dobg@o@ms dJowgdgemo Loddmemgdo: Ab-sgdo@o, Ad-sygmsmo, Act-s]@obmeno@do, Bt-dom@odo, Chl-
Jeom@odo, Ep-gdopm@o, Cal-gogniodo, Kfs-gomoydol dobpgdols d3s@o, Qtz- 330030, Pl-3gnsgom gensbo, Phn-
5963000, Prh=3é 960 0.
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bmdol Jgoegdom, o3l IHs ¢gdo o oMo Ygbs®hybgdymo 3egmdhmobdo, bdodsw
aoJam@o@gdymos. bmaxg® dg0dhbggs KO ©gnoiodo (bod. Ned09, ob. b, 2), G doymo-
093l dob darogd gg@dogygeodoboiosby LgwodgbGmagbgboliol sb g3oagbgbolols w@™L. dom-
BBl s®oMga9b0Mm0Mgdymo bsggbmgsbo Jooegdo TiO-0l dgdiggermdon sbarmbss g®s-
bo@yaro dgabommdols hggymgdb@ogo do@sam@gddg@s@ydymo dom@o@gdols dgoygboenmdsl-
05b, dog@od d3g9mAoE aoblbgsggds 03 30 @oEsbosbo Jodligdolsgsh, GmImgdoi hbrpgds
bodwgoemo 39@0dm@mR0bdol dom@od o Lydgsaogbol LEswosby (ob. b@. 2).

35S gansliBmagby®o  ds@om@ gd3g@s@gagmo  dom@o@obs, Jobdo ggbgogds dolio
>9B0gb9Mo  aoesi@obBomgdol Igsemgoyg@o 3OmeJdo — 3gdobRsdogryg@o Ti-Jam@odo.
090 [o@dmpygboamos  Igcs  gg@mol  Jg@OEegdom, sbobosmgol bybBo 3emgmd@mobdo (o6
LogBhmme o0 sbobosmygdl), GmdgeoE o03gegds 98gomwsb 9@ s-3§35b93g. dom@Godmsb
Ygotgdom, Il godws@gboli wodsgno Ishggbgdgemo o3l ©s, 0ydizs Jnosbmdsdo o3l
Jeo@o@ol  Jodoy®o gy gbognmds, dgoiegl TiO, sbmdsgoy®d @Gomegbmdsls (ob. b, 2).
>9B0gb7Mo  Jermdo@olysb goblbgeggoom, Ti-Jem@odo, Gmam®d3 9339 >0gbodbgm, balo-
>0Egds TiOr—ol (0.82 —2.34) s, ogM9m3gg, K;0-0b (0.35 —3.78 %) dopogno dgd339e0mb9d00 ©s
‘Ygo@gdom do@semo godmes@gbol dohggbgoemgdom —Ng-Np =0.016 —0.028. 533000 ™3Go 600
dobosloomgdemgdo s  Jodogdo Ygoagbommds  sdlm@yGyde  oMs@odogdos  doG®oJldo
aohgboano 590y gbydo  ©0s-3(g5bg  Janm@oBologol. o3 ggobsligbgando K0 o@igengds
0.03-041 35L.% 0b@®gegoPo, beogem TiO, — 0-025 L% Gotyengddo (ob. 3b@. 2). Jobdo
d98oL@s00ey@o  Ti—Janmdo@o  Foddmwygbognos Qlggemdm@gmbols bosbom  ©s  TiO,—ol
sbgmo domoano I9diggemds ol dgdzgoe@gmdom oJgb dgdm@bgbogno hobsigm gdymo jansl-
B™M396900 domEoBolysb (McDowell, Elders, 1983). o3 dggbgds Ti—Janm@oddo KyO dobomggols
20Lgdmdal (ob. 3b@. 2), opo hggymgdb®og soblbgds sbansfs@dmJdbogro oao@ol Loddogs-
O0bgm3geo d0g90@ogo hobsb@wgdols dgdobogg®o ImbsFoggmdom b, dmizgdyer dgdmbgyg-
g5do, GgeodB o domBoBol sbBgdols s@lgdmdom. K,0 sdygsco dgdsbogydo dobstggols go-
dodoigbgs Jgbodengdganos dbmame dsgosh byl@o gangdd®mbyao dogdmlgmdgemo  jgeg-
gobsl. Log@omme 3o, dg@gneddggd@ogo dg@sbRsdomy®o dobgdsgol dogdmbmboyg®o sbo-
@obols ML Jobsdgggdol sOLgdmdols Mmogowsb sEoggds momddol dgydangdgeos.

sdggodoe, bMsdol dologol 8g@odgodadggool dgds Ti—Jerm@odo agbgwgds dbmaeme
g0obBmygby®o domBodol dodotm RlLggemdm®gmbol gm®don s M3Gozyaho mgolgdgdom
5, M53 Jnogo®os, Jodoydo dgygbognmdom Jo@Mobsgrydon asblbgogrgds 0dsgg danoegd-
‘Jo oOlgoyg@o shans{osmdmJdboaro {g@MomJgdEemmgsbo Jeom@o@obysh (bya. 3).

bgdmm  5@bodbymowsb  gsdmdEobodgmdl, GmI JaslEmygbydo dom@odols obJodg@e-
doOgymmo 9396905305 godmobs@gds Mm@A3Mo©: ghmo bafogols hobsgmgds bpgds 9gb-
3040l s Jeom@oBol Fgdowm g gemgsbo sa@gasBom s hbpgds grgogmlbgbo (Gmgmas
bmasese s@oli (3bmbdoano), boam dgmdg bofomo — aods0ddbgds Mm3Gog o Sbmdsaayd
Jodlo, @mdmol Jodogdo sbosgnobo Fgglodsdgds BoBobon dpows® Ti-Jarm@odl ob Ti-
296008 (Kopukosckuit u Ilytum, 1999). dgm@g Lobol @®sbgm@mdsizos poboboagds, Gmam®s
50m@ 00l sdenol Fygoengoy®o 3OMmEYIHo, AmEs §g0sbo 930a96gbols 30MMmdgdTo, dobsdgy,
300069 aohbpgds @gogmlgbo, Fo®dmodbgds osligmo s@om@wobodymo dgygbognmdols dg@o-
LEsdogny®o Bobgdo. dmgdyen dgdnbgggsdo, Jodobs@gmdls hobsgergdols 3gmeg go®osb@o,
dopg@sd  Jobols  Jodoy®o g gbogrmdosb  2s3mdwobsdyg (Ig@oxslbsdodgdo), dbmerme Ti-
Jeoododol FomdmJdbom. @oi Yggbgds dom@Bodol odmols dgmeg 3Gmegldl — Ti—9ggb-
308, dobo s@s@Lgdmds dmigdygen dg@odz0dadggddo soblbgds Jobol Jodoy®o dgoagbognm-
bdom, Gmdgobomgolsi odobsbosmgdgemos KyO ©s Si0; wodsgro d9dg9emdgdo.

J399m0 Imgange sgsbslosmgdm b@msdols dsbogols dgBodgodadggdol s oygbyd  Jeom-
0L, Gopysh dolo Jodogmo goygboamds aoMygggee 0bgm@dszosl odenggs Jobols dgig-
ol bodolbby. 593039690 Jeom@o@o s@ol Jobol Jo@lbosb-dobogmoliddsdosbo ds@dmolols
©mJobabBo gobs, @MAganlsi sbobosmgdl mos 3Fgebg b dmdFgobm-Imygomsgnm gjg@o s
Jeoo@o@obmgol odsbsloosmgdgano m3Goggdo 3mblEsb@gdo, dgos®gdom dopbgboydos, @ jo-
bosbmds  Gmeros 23-45% s momgdol o6 dgogegl TiO, ws K,0. Jemmdodgool @gbdag-
60LEHO9IB 9O sbsgobom Jowgdamo sbsbosmgdgmo Ggamgdlgdo — dA” 14.14 — 1 B s
7.07 — 1B (Ienrenua u ap., 1992) dggledsdgds Jeomco@ols g30y96gH 3@ Lobglbgomdgdl — 1ig3@g-
Jeom@opgdl (7 dA-IB, p=90° ) ws @y3dmjmm@odgdl (14 dA’ —1B, f=90"). 36mdomos, GmI
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Jeoododol gl Lobglbgomdgdo Bodog@os godsdbols dbmmme ©osygbgdg®o mbolmgol,
bogem  930bmbol bgos bofools wo bsdpgoamo  dgBsdm@mobdols  Jem@odgdolbogol 3o
sdsbolinsmgdgamos  Gggmgdlbgso — 14 A 11 B, B=97° (Jlorsuuenxo, 1974). Jodoxyco
‘dgagbogmdols Jobgogom, b@sdol dsbogol IgBodgodsdggdol oy@oagbydo Jerm@odo dggbo-
359905 30605b-o9bgbosenyy@  Lobglbgomdsl — Godopmeodl, mygdas dobdo swobodbgds
MgO mpbog sdo@angdyao dgdiEggermods — Lodygomme, 2170 3sU.% (hggyengddog @Godoom-
@o@ddo MgO 99diggemds Gmenos — 13.00-20.00 35L.%). o3 gargdgbBol mwbsg dmds@gdyero
‘d98(33920mds  Jermdoddo soblbgds dmEgdyen 3g9@odgodedggodo MgO dgd;339e0mdol oF g0
dohggbgdeom (ob. b, 1). 3. gdgols dJobgogom (Frey, 1978), Godowmeo@ol, GmIaol LE®yI-
HAOY@o  Goedgmss — (MgaaaoFe’y3.17A113)6(Si27A113)4010 (OH)s, obgbol Hd3g@ohn@ero
063gMgom0  Fg9bodsdgss 200-250°C. go@gdolol s@dmBbes, MM asblsbogggao 9o g-
byydo Jamdoggdols hggbl dogd gswsmgmogo gMolFsamydogoygmo go@dymgdo (3bo. 3)
dggbodadgds  @odowmmo@ol bgos Hgd3g@s@ydyge begodl, o5b9 mogbpgds obJodg@edme-
1obdol Bgd3g@s@dym 0bdgHhgomdo (150—300°C).

b®sdols dobogols 3g@odg0dodggdols aotsddbols goos@y®o 300mdgdol sbswagbsw,
bgdmmbhsdmmgmmomo 33309350900  94HbMdmMEbgb  Jsbol 80bgBsmy@ Yy gboenmdsls s
>9B0agbn®o o  geoliGmygbydo dobgMoggdols Jodoy® dgoagbogrmdsl. Fg@odgodedggodo
505 9339A0G YO Yo 39Rodm®Bobdobmsogol sdsbsbosmgdgero dobgHoamgdol s@lgdmbdols
3030, Jobol dgigerols bomobbo dosm doogymgbgl 37356 godangdols goizoglbol  Janm@od-
Lg@ogodye byodgocogll. dsy@ded, msbsdgommgg dgbgoygmgdgdom, ol god@o, G®3 Jobol
593039690 dod®0Jldo a3bgegds SandoBo, Godowmeo@y®o Jam@odo, gdomEo s Sjéo-
bogo@do, dgodagds dogmomgdegl Gmam®E 56JodgBodmdgobdol, slggg bsdwgomo dg@e-
do®gobdol B 9d3gModyage 30Mmmdgdby. 36mdoeos, MMI sJBobmeodo Yu@m sdsbslios-

gb®oano 1

b@osdol g@ob@oeydo dsbogol IgBodgodsdggdol Jodoygdo dgygboenmds (Is1.%)

609N: | SiO, | TiO; | ALO; | Fe05{ FeO | MnO | MgO | CaO | Nay0 | K;0 | HO™ | H0* | T
403 | 5877 | 108 [ 1688 | 231 | 380 | 017 | 604 | 350 | 283 | 203 | 0.12 | 2.53 | 99.86

404 | 69.33 | 047 [ 1393 | 116 | 217 | 0.10 [ 3.53 1.73 254 | 281 0.06 | 2.00 | 99.87
405 | 5891 | 0.7 15.18 | 2.29 3.07 | 0.15 5.34 4.81 256 | 233 | 004 | 454 | 99.86
406 | 59.78 | 0.87 | 16.63 | 290 | 2.53 | 0.11 573 1.67 | 242 | 267 | 072 | 3.85 | 99.89

407 | 5459 | 0.84 | 1503 | 295 | 434 | 0.14 | 745 | 4.61 2.64 1.97 | 0.16 | 5.14 | 99.86
408 | 62.16 | 0.60 | 14.07 | 2.21 271 0.14 | 452 | 463 | 322 | 200 | 0.03 | 3.53 | 99.87
409 | 6197 | 0.61 | 1353 ( 1.76 | 398 | 0.21 488 | 597 | 248 1.83 | 020 | 2.09 | 99.83
410 | 5895 | 0.73 | 1440 | 3.01 3.21 0.14 | 623 | 459 | 234 1.88 | 0.16 | 4.21 | 99.82
411 | 60.24 | 1.00 | 1541 [ 2.10 | 343 | 0.13 574 | 4.18 | 3.00 1.59 | 0.16 | 2.77 | 99.83
412 | 6130 | 076 | 13.68 [ 2.70 | 3.25 | 0.17 | 553 5.08 | 2.49 192 | 0.08 | 2.89 | 99.85
414 | 6099 | 0.84 | 14.18 [ 3.31 325 | 018 | 7.21 375 | 246 145 [ 0.16 | 2.05 | 95.86
415 | 60.50 | 077 | 14.16 | 3.23 307 | 022 | 645 528 | 2.15 1.33 | 032 | 237 | 99.86
416 | 6532 | 0.55 | 13.63 | 248 | 235 | O.11 3.73 319 | 260 | 2.71 0.08 | 3.13 | 99.88
417 | 56.85 | t.11 | 1551 | 3.66 | 3.07 | 0.19 | 3.71 374 | 237 1.36 | 0.04 | 321 | 99.86
418 | 61.83 | 097 | 1492 [ 2.75 2.71 0.13 | 450 | 3.15 | 252 | 324 | 0.28 | 3.21 | 99.80
419 | 62.71 | 0.68 | 1443 | 4.03 128 | 0.15 | 499 | 429 | 285 [ 2.07 0.04 | 236 | 99.85
420 | 6099 | 0.84 | 1431 | 2.71 325 | 018 | 6.45 370 | 233 1.86 | 0.08 | 3.13 | 99.83
421 | 5970 | 078 | 14.47 | 3.07 | 331 0.17 | 7.02 362 | 2.26 1:37 0.04 | 3.73 | 99.83
422 | 5893 | 098 | 1432 | 4.15 2.1 0.18 | 7.38 | 402 | 2.26 1.29 | 024 | 3.09 | 99.84

423 | 7644 | 027 | 9.73 111 1.44 | 0.08 1.87 2.14 | 2.74 | 2.53 0.04 1.63 | 99.92
424 | 6139 | 094 | 1523 | 3.17 3.07 | 0.15 a3 430 | 2.55 1.80 | 0.04 | 2.05 | 99.85
425 | 6353 | 071 | 1455 2.10 | 343 | 0.12 | 596 2.87 2.83 1:1e7 0.04 | 2.53 | 99.86

426 | 69.32 | 048 | 1495 | 1.10 1.23 0.07 1.46 128 | 294 | 602 | 0.04 | 096 | 99.89
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@abGogno 2

b@odol j@ob@oma@o dobogol IgBodgododggdol dobg@eemgdols Jodogydo
‘Ygopgbogomds (8o1.%)

No dobgm. | SiO, TiO, | Al,O4 FeO MnO MgO CaO Na,O K,0 >
Chl 28,12 0,04 16,35 22,93 0,48 23,72 0,06 - - 92.30

403 . 29,59 0,07 17,17 21,20 0,25 21,23 0,30 0,19 0,08 90.41
Ti-Chl 32,33 0,97 17,59 20,37 0,35 20,58 0,39 0,04 1,49 92,74

Bt* 37,90 2,37 13,40 17,61 0,33 18,33 0,44 - 6,33 97,74

Chl 28,15 0,14 19,17 20,23 0,35 21,37 0,07 0,17 0,03 90,04

27,70 0,10 20,58 20,72 0,33 22,39 0,04 0,15 0,03 92,03
Ab 66,53 - 19,07 1,32 0,32 1,47 0,22 11,74 0,08 100,07

405 66,35 - 19,92 0,27 0,05 0,19 0,19 10,56 1,58 99,55
Ad 64,83 0,01 19,37 0,16 - - 0,15 0,13 14,79 100,24
Kfs* 35,59 - 19,37 1,74 0,04 0,47 0,47 3,13 9,41 100,27

P 61,23 0,01 23,98 0,07 0,01 - 6,67 7,63 0,36 99,99
59,84 0,02 24,14 0,15 - - 7,47 8,55 0,30 100,47

52,43 0,21 3,24 13,08 0,41 17,29 11,82 | 0,52 0,20 99,21

408 | Act 52,44 0,26 3,31 13,29 0,70 17,20 11,39 | 0,65 0,26 99,80
52,79 0,23 3,58 12,78 0,59 16,71 12,01 | 0,35 0,26 99,35
Act 52,55 0,57 5,08 13,05 0,51 15,62 11,63 | 1,04 0,35 100,41
52,46 0,66 5,09 13,06 0,62 15,42 11,92 | 0,59 0,78 100,32

441 33,26 1,92 15,81 17,75 0,26 17,14 0,68 - 0,99 92,81
Ti-Chl 36,72 2,34 15,52 18,17 0,26 18,02 1,64 - 0,71 95,36

30,38 1,36 16,82 18,32 0,35 19,02 0,17 - 3,78 93,80

34,28 1,93 17,33 18,41 0,32 18,29 0,63 - 1,39 92,63

30,41 1,24 16,41 19,67 0,50 22,26 0,38 - 0,41 91,25

415 Ti-Chl 30,10 2,18 16,35 19,55 0,49 20,02 1,67 0,06 0,35 90,74
30,45 0,82 17,71 21,29 0,39 21,37 0,30 - 0,47 92,80

Chl 29,44 0,41 17,70 25,36 0,27 19,35 0,17 0,02 0,25 93,00

23,38 0,17 17,37 25,43 0,48 20,42 0,05 - 0,25 90,58

Chl 26,44 0,28 17,29 25,32 0,41 20,24 0,14 - 0,05 90,16

416 26,39 0,07 17,55 25,52 0,57 21,00 0,02 0,26 0,02 91,40
23,30 0,12 17,95 25,58 0,43 19,00 0,08 0,16 0,12 90,29

Ti-Chl 26,33 1,01 17,34 21,81 0,55 20,13 0,72 - 0,19 91,46
P1* 59,41 - 24,04 - - - 7,27 8,94 0,43 100,09

Act 50,94 0,19 3,74 15,01 0,71 16,21 11,75 | 0,43 0,25 99,23

52,99 0,19 3,65 14,05 0,03 16,50 10,99 | 0,45 0,26 99,71

Chl 27,94 0,06 18,65 22,57 0,43 21,90 0,11 0,18 0,01 91,85

417 27,68 0,03 19,11 22,87 0,47 22,45 0,06 - 0,01 92,68
Ti-Chl 32,36 1,18 17,61 20,34 0,31 23,41 0,13 - 1,36 97,17

33,59 1,68 16,53 17,27 0,34 22,14 0,41 0,15 2,97 95,08

Bt* 36,15 2,26 13,97 16,95 0,30 18,44 0,07 0,19 10,18 98,87

Adu 66,14 - 17,87 - - 0,01 0,01 0,17 15,45 99,65

Chl 30,92 - 14,42 14,68 0,31 27,19 1,20 0,46 0,07 89,25

420 27,88 0,37 16,14 21,24 0,36 24,52 0,34 0,11 0,11 90,87
Act 52,99 0,19 3,14 13,08 0,70 18,05 11,09 | 0,34 0,23 99,78

52,95 0,24 3,85 12,17 0,72 17,85 11,07 | 0,63 0,23 99,71

* 3emolBmagbygdo dobg@oggdo

39803053900l dobg@sgmy@mo 3omsy9bgboligdo:
Ne403 — Ch136+QtZ+Ab+[Bt35, Pl],

Ne405 — Chly4+Ab(P1')+Ad! ' +[Qtz, PI**, Kfs*];

Ned408 — Actzp+Chl+Ab+QtztKa+[Qtz, P1, Bt];

Ne416 — Chlyg_g3+Act+Qtz+AbtCal+[PI'];

Ned15 — Chlsy_g+Act+Ab+[PL, Qtz];

Ne418 — Act+Chl;7+Qtz+[PL, Bt];

Ne417 — ACt32_34+Chl30-37+Ad0+QtZ+Ab+[ Pl, Bt, KfS],
Ne420 — Chly; 33+ Act+Chl+Qtz+Ab+[Pl].
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by@. 3. basdol g@oliGomymo dobogol Igdsdzodsdgzgool Jo@dlgddo Ti s K mobogodmds (ob. gba. 2)
I-o9@ 09690 Janmdodo ds@@odlbowsb, 2-s9@0y9b9@0 Ti-Jam@odo (RLggemdm@gmbgdo jansbGm-
396990 dom@o@ols dododm), 3—3aslGmagbygmo dom@odo.

agb®ogno 3

b®sdols g@obFomygdo dobogol dg@odgodadggool syBoagby®o Jemdmo@gdol (ob. 3bo. 2)
3OobGogmJodoydo gm@dgmagdo (Fosmgmomos gobadswol 14 s@mdby)

No Si Ti A" [ A" | Fe Mn | Mg Ca Na K Xee% | Yok
403 279 1001 (121 077 [190 [0.04 [328 |00l |- - 36 6.00

296 | 001 |1.04 098 |1.78 [0.02 [3.16 [007 |002 |- 36 5.95
405 265 1001 [135 133 [1.60 |0.03 [3.03 |00l |0.03 |- 35 6.00

254 | 0.01 1.46 1.35 1.60 | 0.02 3.05 0.01 - - 34 6.00
415 | 271 0.03 1.29 1.15 2.15 0.02 2.66 0.02 | 0.01 0.02 |45 6.00
256 | 0.01 1.44 1.07 | 2.07 | 0.02 2.85 - - 0.02 |42 6.00

416 2.57 0.02 1.43 1.07 | 2.07 ]0.03 2.83 0.01 - - 42 6.00
254 | 0.01 1.46 1.06 | 2.06 | 0.04 | 286 - 0.03 - 42 6.19
2.60 | 0.01 1.40 1.19 | 209 |0.04 |270 0.01 0.01 - 43 6.00
417 2.61 - 1.39 1.21 1.77 | 0.01 3.05 - - - 37 6.00
2.57 - 1.43 1.21 1.78 0.02 3.00 - - 37 6.00
420 291 1.09 0.93 1.15 0.02 3.82 0.12 ] 0.08 001 |23 5.92

2.63 0.03 1.37 0.91 1.70 | 0.03 3.33 0.03 002 001 |34 6.00

09dgeos IFgobg goJangdol gozogbol dom@God o Lygdgscogbobngol, dogy@sd dmenm fangd-
‘do dohbgymos, Gmd dobo aohgbs dglodmgdgmos 220 °C {ga3g@s@dyndsbgi (Frey et al., 1991;
Himmelberg et al, 1995; Schmidt, Robinson, 1997). b&sdols dsbogols 39@s]g0dsdggool sJ@obmerodo,
Omdgendoi ALO; s NayO (odgboedy sdomengdymo dgd;ggemds (5%-3pg) s@obodbgds (ob.
agbd. 2), Yoddmpagbogos dm3z®m bemdol 3@0obdymo jHobFsmgdol Loboo s g08dod-
©gd> >ado@ol ©Mdghgdl. »35bg 9Hy3aadlt 53M9039,  M9bGHRIBMLHOYIH YO Yo Sbogoo-
bol gogaoe Jowgdgmo dolo dobsbosmgdgemo Ggamgdlgdo. gl goJdo 0dol sdswsliRg®g-
dgaros, @3 dmbs Jmogomymabols LOYmo ©gsbm@moGobsE0s, MoEash sJGobmaodol
98 gdbgdo Bbgds dbmarme d5F0b, GmEs JobPo swed s@ol dmogomgesbo. yods sdobs,
30039eo0 sl g®o AJs@yggemol s@Egtmo @gmmolddo dgBodgododggodo o@ goJlodwgds,
@53 30560d6gdL, MM >JBobmemodols aohgbs 5@ ool yodm(ggnmo @Js@ygs@ols hobsigeg-
d0m. gmggeogg bgdmmsmbodbymosb as8mdwobsdg gmgmon, M sfBobmeodols 35§ s{obs
300b3gd0 oYgoMe  osbas{emdmbsddbgdos dg@odzodadzgdol sygBoagby® ds@d@oldo. @oi
Yggbgds IgHodzodadggodo 3@gbo@ols o gdopm@ol xgunol dobgdsmgdol s@lgdmdsl, obo-
bo s@dmbgboanos 3gnsgomgansbols 0b@gbloydo gobmlydo@dgdyee 9obgdby. 3G gbodol yohg-
bo Jensli@yeo 3enspomiesbol dodsdmo RQlggomdm®mymbgddo Fomdmowagbl 3G gbod-o]@0bm-
@od Yo bydgsizogbol obpogs@dm@al Ca-om dpopsdo gy 3obmgasl@gao  Jsbgdolmgol.
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Logmggemsme do@gdgeo ¢o30s@ o a®ses3ool dobgogom 3o, smbodbygmo Lygdgsaoglo
564039 0dm@x0bdol g30bmbols gdzogemgb@y@os (Liou et. al., 1987). sJ@obmgno@ol, G®Igenos
‘dgooglb 5.04 3sL.%-3g ALO; s 104 ob.%-3g Na,O, s@lgdmods dgbfegamoen Jobgddo o@
gVoboomBdogygds hggbl Bogd domgdyer  ©oliggbsl, @opash 3Mgbo@-sdBobmmo@dy®d  Lyd-
95309Ldo gl Lowowggdo >@F9396 7.6 s 2.2 3ob.%-U, dglodsdolog (Bevins, Merriman, 1988).

2300300, domBodol ©sdmmol IgBol@odogydo 3OmEyY]Bdol — Ti—Jerm@odol mobs-
>0Lgdmds  Jobol do@@oJlol olgom obeo{emdmdbogr Fmbolfmd e @obgdmsb, Gmymeo-
(3o Jeom@mo@o, sBobmao@o, g3omEol xaggol dobgdomagdo s 3Ggbodo, dohggbgdgmos
LYmége 56J0d9@sdm®x50bdol s@ofmbslfmdygmo 3amEgbols (Kopukosekuit u IMyrum, 1999).
9RO IgHo3. bmyoghmo I3gmgze@ols sb@om, JobTo  gaslFmagby®o dom@odols dgbs®-
h9bgds, 30900009dL Jobol go®sddbobyg o6J0d9@edmMmR0bIolL 30MmMdgddo, G™I@mols {9d3gds-
A6 56 swgds@gds 250°C (Slmackypr, [lapdenosa, 2000).

©slggbs

LAos@osdo gobboageos oo gddgas@dydgamo domGoBol GAsblgm@dsigool balos-
00 bodwgoemo dgBsdm®eobdobs s obJodg@edm®mzobdol Lobrmgemby. smbodbyamno Bobgde-
@0 goModdbs hggbl dogd 9odmygbgdygmos b@sdol j@obEoeygdo dobogol g. §. dg@e-
J3095J39%0L Jg3ge0ols Gogos@y@o 300mdgdol wobseagbow. Joboli Jodoy@o dgoygboanmdo-
56 3odmdobody, LYm@go 53 dobg@smol godmsddbols mogoligdy®gdgdols wewygbs s@dmhb-
s 360dgbgarmgsbo Imigdyao dgBsdgodsdzgdol dgBedm@ezobdol mbols gsblsbsbmgmsg.

398030053900l o9@opagbnd ds@@odldo Gopo dgBodm@ g ymo” Jobg@ogols s@OLgdmds
‘dgodengds  domomgogl @mam® 3 bsdwgomo dg@sdmmiobdol, obggg obJodg@edmmeobdols
(9939053 O e 300mdgdby. 530G™, aowsdTyzgdo 360Tgbgermds oJgl dgdgy RoJBHMOL: Jo-
6ol bo@dgbmgob gobsdo oo gddgms@ydymo dom@o@ol JgmEmgdol bsfommmdmog dgbs-
Ohgbgosl s, odsg9 ML, dolbo bofogol gomsddbols L3gaogygoy® I ds Qgdols dg@o-
L@sdogry® Ti—Janm@o@do; gomoi s dgmaga Jgbsde gdganos dbmenme  sbJodgHedmmgob-
dol 930bmbsdo (Korikovsky et.al., 1992; Kopukosckuii, [Tytum, 1999). @9d3g@o@g@ol ds@gdobmasb
9OmeE, domom@gddg@s@dmo @gmod@dg®o dom@odo Jomosbs 0dangds, bmem dg@o-
LEsdogy@o Bobgdo s@od BoJboMegds, Moash Jenmmod-LgHocodgmo bydbgszogbobmgols
3O0B0gae 35Mop9bgbolido Ti—Janm@o@l sbsiEgengdl Fgdom g emgebo ggbaodo ©s o-
doe @ 9d39@Ms@ g ygmo Jeomco@o, Ti-ol mJbogdol dobs@ggols {o®dmJdboo.

oo 9d3gMs@d o 3esldmagby®o dom@Godol @G@Msblgm®dsizool ggerggol dgwg-
350 ©30begds, @Mm3 bMsdol gBobEsgy@o dsbogol 3g@odgodse]ggddo dobgdoemydo Fmbal-
Foomdgdo Jggbodsdgss 560353 odm@xn0bdol g30bmbols 30Gmdgdls (T=270-300°C) ©s sG> 653-

3000 d9Bs3m@BobIol 37356 GoJamgdols goizoglol Janm@od-Lgdozodgmo Lydesiogbols
©ebgl.
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Zbodo(ﬁm;;gpr\nmb ®a9dbogaco gbogg@lodg@o, mdognobo 0175, 3.30LFogol . 77.

35885bombols  3@olBomyd gubpsdgb®do, Loggbols godolgsbygmo a@sbmpom@odgao ob@ -
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400y bymgopyg® 29690 a® Bodl, Omdgmoi Jnaosbs jmbGOmEEgds sanodgzol @gaombyemo dg-
3ME00m ©s dolbo god339mo shomasbBes MEgggoms LobRgdom. ho@o@gdymds ggarggdds shggbs, @md
05653900m39 gOHmbos 5F0dgangdl dobosbo LobRgdol doGomsws RHMbEs@I®, 3350 3-01JOM-56mo-
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Sakeni Ore Field (the Greater Caucasus, Svaneti): Main Factors of Formation and Prospects.
Okrostsvaridze A.!, Bluashvili D.*'. Ministry of Education and Science of Georgia, LEPL Alexandre Janelidze
Institute of Geology, 1/9 M. Alexidze st., 0171 Tbilisi, Georgia. E-mail: a.golddew@gmail.com®. Georgian Technical
University, 77 M. Kostava str., 0175 Tbilisi, Georgia.

As a result of long-term researches in the Svaneti region, by the authors a new gold manifestation was
discovered along the Alibek thrust zone, which they named as the Sakeni ore field (SOF). SOF is localized along the
North contact of Sakeni granodioritic intrusive and controlled by Alibek thrust and a system of young submeridional
cross faults. The ore bodies are formed in the tectonized and greizenized rocks of granite-migmatitic complex and by
veins, lens and nests are represented. Three ore associations are distinguished there: quartz-scheelitic, quartz-pyrite-
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arsenopiritic and quartz-antimonitic. Gold is observed in all of them, but the highest concentration is remarked in
quartz-pyrite-arsenopyritic associations. Authors assume that SOF represents a postmagmatic gold-quartz-low sulfide
hydrothermal formation, which is characteristic of orogenic systems.

Cakenckoe pyanoe mnoje (Boabmoii Kaska3, CBaHeTusi): OCHOBHbIe (PaKTOpPbl 0Opa3oBaHUA M
nepcnekTuBbl A.B. OKpocuBapnmel, AN Bnyamsnnnz. MunucrepctBo npocsenieHust u Hayku ['pysuun. FOJIOIT
Uncturyt reomorun um. A.Jlxanemuaze, Tommacu 0171, ym. M.Anekcumze 1/9. E-mail: a.golddew@gmail.com. *
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B xpucrammmueckom ¢ynnamente bonpmoro Kaskasza, B 30He koHTakta CakeHCKOrO TI'paHOAWOPHUTOBOIO
HMHTpY3UBa BapUCLUNCKOM TeHepaluul U JOME3030HCKOr0 TIpaHUT-MHUTMAaTHUTOBOIO KOMILIEKCA, B pe3yibTare
JUINTENBHBIX MCCIIEOBaHUI aBTOpaMu ObUIO BbIIesieHO CakeHckoe pyaHoe mosie. OHO OTHOCHTCS K KBapl-30J70TO-
HHU3KOCYIb()UAHOMY T'€HETHUECKOMY THUITY M IETHKOM KOHTPOIHpYeTCS AJHOEKCKHM PErnOHaIbHBIM HAIBHIOM H
CHUCTEMOIl CEKyLIMX MOJOABIX pPa3joMOB. B pe3ynbrare HpoBeAEHHBIX PabOT COBpeMEHHas H3pO3Us, B OCHOBHOM,
o0Ha)kaeT HU3KOTEMIIEPaTYpHYIO GPOHTATBHYIO KBAPL-30JI0TO-aHTUMOHUTOBYIO YaCTh PyJHOH CHCTEMBI.

Abridged English Version

The Greater Caucasus represents a collision orogen extending over 1200 km between the Black and
Caspian Seas in the NW-SE direction. In its make-up, two major structural stages are distinguished: the Pre-
Alpine crystalline basement and Alpine volcanic-sedimentary cover. Basement complex (200 km x 40 km) is
mainly built up of the Pre-Cambrian and Paleozoic amphibolites, crystalline schists, gneisses, migmatites
and granitoids. Several terranes are identified, separated by regional tectonic unconformities or Jurassic
depressions, along which they come closer or touch each other. The Main Range zone (terrane) is the best
exposed part which is constructed of two subterranes: the Elbrus and Pass subterranes (Gamkrelidze and
Shengelia, 2005). The first is an upper crust anatectic formation, in which S-type granitoid magmatism is
intensively manifested. The second one is the result of mantle—crust interaction and here I-type granitoid
magmatism is displayed. (Okrostsvaridze, 2007). On the northern slope of the Greater Caucasus they are
separated by Arkhis-Klich Jurassic depression whereas on the southern slope (the area of our investigation)
by Alibek regional thrust, which represents the Eastern continuation of the mentioned depression.

The Alibek regional thrust (SW-NW, <50-60°) is a main tectonic unit of the region, along which
granite-migmatite complex of the Elbrus subterrane overthrusts the Sakeni granodioritic intrusive of the Pass
subterrane. Within the zone the thickness of which reaches 400-600m the rocks are subjected to brecciation,
milonitization and greisenization. The Alibek thrust is intersected by comparatively short submeridional
faults, supposedly of Alpine generation. Granite-migmatite complex is a collision anatectic formation, which
was formed in the Paleozoic under the conditions of HT-LP type metamorphism. Sakeni intrusive is of
diorite-quartzdiorite-adamelite composition (outcrop 77km”) and as lens like body extends in the Greater
Caucasian (SE-NW) direction. It is a metaluminous mantle-crust I type formation, which formed during the
Upper Carboniferous (31515 Ma; Rb-Sr age).

As a result of our long (1990-2007) research work in Svaneti region, new gold manifestation was
discovered along the Alibeg thrust zone, which we named as Sakeni ore field (SOF). During of field
works more than 1000 samples were gathered. They underwent through petro-geochemical investigation.
Gold and other ore-elements concentrations were determined in different laboratories; during the last three
years in ALS Chemex (Vancouver, Canada) laboratory, using ICP method.

At the present stage of study in the SOF the following ore manifestations are revealed: 1-
Kakrinachkuri, 2- Hokrila, 3 — Memuli, 4 — Achapara. They are localized along the North contact of the
Sakeni granodioritic intrusive and controlled by Alibek thrust and a system of young submeridional cross
faults. The ore bodies are formed in the tectonized and greizenized rocks of granite-migmatites complex and
by veins, lens and nests are represented. Three ore associations are distinguished there: quartz-scheelitic,
quartz-pyrite-arsenopiritic and quartz-antimonitic. Gold is observed in all of them, but the highest con-
centration is remarked in quartz-pyrite-arsenopyritic associations. The Hokrila ore manifestation zone is the
best studied area of the SOF. It is exposed on the left slope of the river Hokrila, is traced along 2.3 km and it
amounts maximum thickness (~500m) in the central part. Au content in quartz-pyrite-arsenopyritic associa-
tion reaches 30 g/t at some areas, but average concentration is in the range of 6.11 g/t. Au content in quartz-
antimonite associations is not high (from 1.23 g/t to 2.33 g/t), but Sb concentration reaches to 5-6%.
Quartz-scheelitic associations are met only in the western, the most arisen block of the Hokrila area, where
W concentration reaches 2.21%. The Achapara ore manifestation zone follows the Achapara river right slope
on approximately 2 km with ~400 m thickness. Like the Hokrila manifestation, the highest gold content in
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Achapara is revealed in quartz-pyrite-arsenopyrite association, where its highest concentration amounts to
17.03 g/t, and average content is 4.17 g/t. In quartz-antimonite association gold content is not high (from
0.91 g/t to 1.74 g/t), but Sb concentration in this association is in the range of 3.54%. The Memuli ore
manifestation zone crops out between the Hokrila and Achapara ore manifestations. It is traced approxi-
mately along 1.8 km and attains 600-700 m of thickness. Au concentration in quartz-pyrite-arsenopiritic
association ranges from 0.62 g/t to 2.84 g/t; as average content reaches 1.26 g/t. In quartz-antimonite
association Au content is in the range of 1.0 g/t and Sb reaches 1.8%. The Kakrinachkuri ore manifestation is
exposed on the NE edge of the Sakeni intrusive and it follows the intrusive along 400 m with 40 m thickness.
Gold composition in quartz-pyrite-arsenopyrite associations reaches 2.43 g/t and in quartz-antymonite is in
the range of 1.0 g/t. In these associations Sb average concentration is 2.12%.

As a result of our investigation a simplified genetic model of SOF is established: sinorogenic thermal
events activated fluid system which mobilize from Sakeni intrusive ore elements. It is moving along the
natural route in the Alibek thrust zone, there ore-associations were set on the barriers made by the thrust
itself. We assume that SOF represents post-magmatic gold-quartz-low sulfide hydrothermal formation,
which is characteristic of orogen systems (Goldfarb et al., 2005).
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PHANEROZOIC EVOLUTION OF THE TETHYS OCEAN EXPRESSED IN METALOGENY OF
THE CAUCASUS AND PONTIDES
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Tethys ocean evolution in the Caucasus and Pontides area shows relation of base, precious and rare metals
metallogeny with geodynamic development. The sources of mineralization in dependence of sialic and basaltic crusts
and mantle on the various stages of geodynamic process are examined.
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Introduction

The Caucasus and Pontides are the result of the Phanerozoic evolution of the Tethys Ocean. The pro-
cess was terminated by post-collision activity. The geodynamic development is clearly reflected in volcanic
activity and base, precious and rare metal metallogeny.

During the Paleozoic, the Tethys Ocean was located between the Afro-Arabian and Eurasian plates.
During the Late Paleozoic, the oceanic slab started its north-verging subduction, the ocean closed during the
Early Paleogene and is represented by the Izmir-Ankara-Erzindjan-Sevan ophiolite suture zone.

The Phanerozoic evolution of the Caucasus and Pontides is divided in pre-collision and post-collision
stages with a variety of geodynamic settings. During the pre-collision stages, oceanic, intra-arc, back-arc and
island arc settings were formed with associated metallogeny. After the closure of the ocean, the Caucasus
and the Pontides evolved into collision and post-collision stages, consequently altered character of
metallogeny.

Base and precious metals in the various settings of the pre-collision development are differently
distributed: the oceanic setting is characterized by cupriferous ores, with subordinate Zn mineralization, and
devoid of Pb. At the same time, seafloor occurrences of the oceanic setting always generally contain only
little gold and silver mineralization according to Rona and Scott (1993). In intra-arc settings, Cu-Zn
mineralization contains subordinate gold, and in marginal sea-back-arc settings, Cu and Zn can be
accompanied by galena and gold mineralization. Finally, in island arcs, Cu, Pb, Zn, Au and Ag ores can be
accompanied by significant and widespread galena mineralization. It is noteworthy, that rare metals such as
Hg, W and Sb are absent in pre-collision settings. The diversity of distribution of rare, non-ferrous and
precious metals in the various geodynamic settings depends on the scale of participation of sialic, basaltic
and mantle sources in the process of mineralization.

According to Hutchinson (1973), during the Archean, when the crust only existed as a protocrust and
the mantle was only weakly differentiated, only copper-zinc deposits were formed. Later, during the
Proterozoic, when the sialic crust was developed, lead took part in the mineralization process and gained
economic significance in volcanogenic massive sulfide (VMS) deposits.

Our aim is to examine mantle, basaltic and sialic crust influence on the character of mineralization in
the Caucasus and Pontides region. Here during the process of Phanerozoic evolution, all types of
geodynamic settings were present, including pre-collision and post-collision ones, with appropriate
mineralization related to settings with predominant mantle, basaltic or sialic crust participation. The diversity
of geodynamic situations, volcanic activity and ore formation of the region give us an opportunity to
consider and evaluate the rich variety of data.

Phanerozoic evolution and base, precious and rare metals metallogeny

The diversity of base, precious and rare metal deposits, which formed during the Phanerozoic
evolution of the Tethys described above, are presented in Figures 1 and 2.

During the Late Paleozoic and Early Mesozoic in the Pontides, above a N-NW subducting slab, a
minor ocean existed, with an ophiolite extrusion and MORB and island arc (IAT) tholeiites, confirmed by
immobile element geochemistry. Here, the Kure complex consists of serpentinized peridotite at the base
and is overlain by layered cumulate gabbros, passing upward into isotropic microgabbro and into a diabase
sheeted dyke complex. The later is stratigraphically overlain by alternations of pillow lava, massive lava and
lava breccias. Lava breccias are overlain by shales, which are interpreted as semi-pelagic sedimentary rocks
according to Ustaomer and Robertson (1997). “Cyprus type” cupriferous pyrite deposits are found along the
lava-sedimentary rock contact, and are expressed as disseminated and massive ores according to Gunner
(1980). The most significant deposits are: Asikoy and Bakibaba, massive sulfides, consisting essentially of
pyrite and chalcopyrite. Zn and Pb are present as trace elements only. Thus, the MORB mineralization of the
Kure complex, which is a typical Cyprus type deposit, is characteristic for an oceanic setting.
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Fig.1 Palinspastic cross-section of the Caucasus according Adamia (1997) with nonferrous, rare and precious deposits
related to different gaodynamic settings.

Pre-collision settings:

Cu-Zn Besshi type deposits of Urup group (intra-arc setting)

Pb-Zn vein deposits of Bechasin zone (island arc setting)

Pb-Zn vein deposits of Sadon, Kvaisa, Dzirsha groups (island arc setting)

Cu-Pb-Zn Filiz-Chai type deposits (backarc setting)

Cu-Pb-Zn VMS, porphyry, stockwork and vein type deposits od Somkhith-Carabakh zone (island arc setting)
Cu-Pb-Zn-Au porphyry, stockwork, epithermal and vein type deposits of Artvine-Bolnisi zone (island arc setting)
Cr vein and lens type deposits of Sevan-Akera suture zone (ocean setting)

Cu-Pb-Zn-Au porphyry, stockwork and vein type deposits of Ajara-Trialeti zone (island arc setting)

XNANR DD =

Postcollision setting:

9. Cu-Mo porphyry deposits (Kajaran, Agarac)

10. Hg vein type deposits (Akhey, Avadhara)

11. Mo-W, Mo vein type deposits (Tirniauz, Karobi)
12. As-Sb-Au vein type deposits (Zopkhito, Lukhumi)
13. Aulode deposits (Zod, Meghrathzor)

The Beshi-type deposits of the intra-arc setting, related to the Urup group, are located in the fore-range
of the Great Caucasus (Fig. 1 and 2,). The intra-arc rift developed above a Paleozoic subduction, during the
closure of the Great Caucasus minor ocean. The Paleotethyan branch is represented only by the allochtonous
relic of its suture according to Adamia et al. (1981). The recent intra-arc rifts are similar to Fore Range
basalts in K/Rb ratios and TiO, contents and enriched in the most lithophile and siderophile elements, as
tholeiites of the Red Sea axial trough (Shavishvili 1983). The intra-arc rift is characterized by Paleozoic
bimodal tholeiite-basalt-rhyolite volcanic activity and Au-bearing Cu-Zn Beshi type mineralization.
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Fig.2 Geotectonic scheme of the Caucasus and Eastern Pontides with metallogeny of nonferrous, rare and precious

metals deposits.

Pre-collision stage:

1. Urip group of Besshi type (Cu,Zn) deposits, 2. Pb, Zn — vein deposits of the Bechasin zone, 3. Pb, Zn vein deposits
of Sadon group, 4. Filizchai type deposits, 5,6,7- (Lahanos, Madenkoy, Murgul VMS Kuroko type and polimetallic
vein stockwork deposit of the East Pontides metalotect, 8- Cu-Mo porphyry and polymetallic vein deposits of
Merisi group, 9- Au-Cu porphyry, Au —low sulfidation and vein and stockwork polymetallic deposits of Madneuli
and Sakdrisi group. 10, 11, Cu-Pb-Zn VMS, vein and stockwork polymetallic and Cu porphyry deposit of Somkhit-
Carabakh zone (Alaverdi group, Tekhut), 12- Kafan Cu porphyry deposit, 13- Cyprus type Cu deposits of Kure
complex (Asikoy, Bakibaba),

Post-collision stage:

14- Kajaran Cu-Mo porphyry and vein and stockwork polimetallic and stockwork deposit, 15- Tirniaus W-Mo vein and

stockwork deposits, 16- Mo-Karobi, 17- Au lode and stockwork Zod and Maghradzor deposits, 18- Hg Akhei,

Avadhara vein deposits, 19- Sb, As, Au Zopkhito, Lukhum vein deposits.

The ores consist of copper-pyrite, copper-zinc, pyrite mineralization, with pyrite being prevalent (90-
100%), and chalcopyrite and sphalerite being subsidiary (9%) according to Skripchenko et al. (1972). Sialic
crust material did not participate in the mineralization process; therefore, the ores only contain Cu and Zn.

During the Lower Jurassic (Liassic), above the north-verging subduction zone, a back-arc rift appeared
along the Southern Slope of the Great Caucasus and evolved into a marginal sea. It is characterized by the
Filiz-chai group Cu, Zn, and Pb deposits, with subordinate gold mineralization (Figs. 1, 2). The back-arc
rifting here is associated with slow spreading without ophiolite extrusions, and the seafloor was underlain by
thin sialic crust according to Lomize and Ponov (2002), which is thought to be source of lead in this setting,
whereas the source of Zn are the subducted basaltic slab and slowly spreading basaltic crust. The tholeiites of
the marginal sea are characterized by a low content of REE and a normal chondric distribution of Nb, Zr, Hf,
and Y, but with slight distinct anomalies of Nb and Ti characteristic for island arc tholeiites. The ratio
¥Sr/*Sr of 0.7034 is consistent with MORB compositions and is typical of back-arc and intra-arc basins
according to Tarney et al. (1977) and Lordkipanidze (1980). Typical calc-alkaline volcanic activity preceded
the riftogenic tholeiitic volcanism and was postdated calc-alkaline dacite and gabbro-diorite intrusive bodies
according to Lordkipanidze (1980). The Filiz-chai Cu-Zn-Pb deposit, consists of stratiform ore bodies. The
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mineralization is representable by consists of pyrite with subordinate sphalerite, galena, chalcopyrite and
pyrrhotite with minor quantities of marcasite, arsenopyrite, cobaltite, magnetite and goethite.

Mezo-Cenozoic island-arc settings were formed above the north-verging subducting slab of the Tethys
Ocean in the Caucasus and the Pontides. The settings are characterized by calc-alkaline volcanism and base
Cu, Zn-Pb, precious metals Au-Ag and subordinate Mo mineralizations (Fig. 1, 2).

Jurassic—Bajocian VMS, porphyry, stockwork and vein type deposits occur in the Somkhit-Karabakh
zone of the Transcaucasus. They include the Alaverdi group (Alaverdi, Shamlug, Akhtala), Tekhut, Keda-
bek, Karadag, Kizilbulag, and Gosha deposits (Fig. 1,2). The Somkhet-Karabakh zone is continuing to the
north-west into the Artvin-Bolnisi and the Eastern Pontides zone (Fig.1), which represents a Cretaceous
island-arc setting with calc-alkaline volcanic rocks and Cu, Pb, Zn, Au and Ag mineralizations. The Artvin-
Bolnisi zone includes the Madneuli, Tsiteli-Sopeli and Sakdrisi deposits interpreted as porphyry, epithermal
low sulfidation, stockwork and vein deposits with economic reserves of Cu, Pb, Zn and Au (Fig.2).

The same volcanic activity with Cu, Pb, Zn and Au mineralization took place in the Eastern Pontides
island-arc volcanic series, which include the Murgul group of subvolcanic non-ferrous deposits, the Maden-
koy and Lahanos Kuroko-type VMS and porphyry Mo-Cu deposits, Guzelaiala, as well as the Cheratepe
gold-bearing polymetallic ores (Fig.2). All of them contain essential, economic reserves of Pb derived from
sialic crust and calc-alkaline volcanic rocks, as well as Cu and Zn derived from mantle and basaltic crust. At
the same time in the island-arc setting of the southern slope of the Great Caucasus, Dogger-Malm Pb-Zn vein
type and strata-bound deposits were formed, whereas the Liassic Pb-Zn Sadon, Zgid and Holst vein type
deposits were formed in the main range of the Caucasus. It is noteworthy that in all deposits there is a
prevalence of galena.

In the Western Pontides, the Upper Cretaceous polymetallic stockwork and vein-type deposits Balika-
sir Balia, Demirbaku, Altinoluk, and Canakkale-Handeress were formed. The mineralization is related to
calc-alkaline volcanic rocks and intrusives of island-arc settings and is characterized by a high abundance of
galena and precious metals.

In the Adjara-Trialeti folded zone (Fig. 1, 2), characterized by a Late Eocene island-arc setting with
calc-alkaline intrusive and volcanic series, Cu, Pb, Zn, Au and subordinate Mo porphyry and vein-type
deposits of the Merisi group were formed. The sources of the non-ferrous metals are inferred to be the same
as for the above-mentioned island-arc settings.

The volcanic host rocks of the island-arc deposits of the Caucasus and the Pontides are characterized
by the following geochemical criteria: low contents of LILE, REE and typical island-arc flat trends for heavy
REE, negative anomalies of Nb, and Ti, normal chondritic contents of Zr, Hf and Y, and comparatively high
Sr/*Sr ratios of 0.7041 to 0.7045 according to Lordkipanidze et al. (1988).

Thus, the Caucasus and Pontides Phanerozoic pre-collision stage mineralizations are related to oceanic
(MORB), intra-arc, and back-arc and island-arc settings. In oceanic and intra-arc settings, the mineralization
is characterized by basaltic crust and mantle material sources for Cu and Zn. whereas in island-arc settings
and along the southern slope marginal sea, Cu, Zn, Au and Pb mineralizations were sourced by mantle and
sialic and basaltic crusts.

The post-collision Oligocene and Neogene stages are characterized by fold-thrust belts of the fore-
range and the southern slope of the Great Caucasus and the Lesser Caucasus, where rare metals deposits with
W, Hg, Mo, As, Sb, Pb vein-type, stockwork and porphyry deposits occur, including the W, Mo Tirniauz,
Notsarula, Hg-Avadhara and Akhey, Mo-Karobi, Sb, As, Au — Zopkhito and Lukhumi, and Mo, Cu, Pb, Zn
Kajaran deposits (Figs 1, 2).

Occurrences of precious metals are known in the oceanic settings and in intra-arc and back-arc rifts;
however the most significant mineralization and deposits are related to island-arcs and post-collision
settings. Hence, during the process of differentiation and depletion of the mantle, precious metals were
distributed between the mantle and the basaltic and sialic crusts, but mainly accumulated in the sialic crust.

This is the reason why the most significant precious metals deposits are related to island-arc and of
post-collision settings, where sources of sialic crust prevailed during the process of mineralization. For in-
stance, the richest gold deposits of the Kuskokuim group of Alaska are related to the post-collision stage and
are located in post-accretion terranes according to Gray et al. (1997). The orogenic giant gold deposits of
Muruntau, Cumtor, and Chulboi are associated with rare metal (W, Sb, Hg, Mo) mineralization, are also
related to the post-collision stage of the Tethyan ocean evolution. Hence, it is concluded that the sources of
gold and rare metals are in the sialic crust.

Oceanic intra-arc and back-arc mineralization lack any Mo and rare metals, as well as Hg, W, and Sb.
The highest grades and reserves of Mo are contained in the post-collision porphyry deposits of Kajaran and
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Agarak. The post-collision deposits contain high reserves and high grades of W, Sb, and Hg as well. The
latter are totally absent in oceanic, intra-arc, back-arc and island-arc deposits.

In contrast to the belt-thrust structures, where hydrothermal Mo and rare metals deposits occur, Early
Oligocene exhalative, sedimentary Mn deposits at Chiatura, Chkhari and Ajameti, and the Nakhchevan Cu-
Au sedimentary deposits characterize the foreland of the Transcaucasus. Finally, Quaternary Au-placers
were formed in the valleys of Enguri and Khrami.

Discussion

The geodynamic setting of the Caucasus and the Pontides and the related metallogeny of the non-
ferrous, rare and precious metals enable us to discuss the sources of mineralization in the various settings.
The mantle source of copper is evident for cupriferous Cyprus type deposits of oceanic settings. The Kure
complex mainly consists of copper ores, and only traces of Zn and Pb. Mineralized fields of the modern
ocean, investigated by Rona and Scott (1993) and Mozgova et al., (1999), predominantly contain copper,
whereas zinc is subordinate and lacks lead (only traces). Gold and silver can also be present, but there are
not any rare metals, such as Hg, W, Sb, or Mo mineralizations. According to Hutchinson (1973), the
formation of Zn-rich cupreous pyrite bodies in oceanic settings occur during the early stage of rifting, when
rifting between continental plates is small. In this setting, zinc may be derived from adjacent basaltic crust.
Zinc contents decrease in younger (higher stratigraphic) bodies formed during subsequent stages, with more
advanced rifting. Therefore, the source of zinc is in the basaltic crust and it is confirmed by the fore-range
Beshi type Cu-Zn deposits of the Urup group related to intra-arc rifting. Zinc in the intra-arc setting may be
extracted from the subducted basaltic slab causing stirring up mantle diapir and intra-arc rifting. However,
zinc is also derived from rifted basaltic crust during spreading.

Lead mineralization is related to settings with active participation of sialic crust, such as island arcs
and post-collision settings. Economic lead mineralization is also known in the back-arc, marginal sea of the
southern slope of the Great Caucasus, where participation of sialic crust is obvious. The marginal sea bottom
is underlain by a thin sialic crust and calc-alkaline acid volcanic rocks according to Lordkipanidze (1980),
and Lomize and Ponov (2002), which is inferred to be source of lead in the Filiz-chai Pb-Cu-Zn deposit.

Rare metals such as Hg, W, Sb, and Mo are related to island arc and post-collision settings, where
sialic crust is more predominant. Rare metal mineralization is typically absent in oceanic and intra-arc
settings and is unknown in back-arc situations, where the role of sialic crust is subordinate.

The sources of precious metals (Au, Ag) mineralization are also interpreted to be ultimately of mantle
and basaltic crustal source, because their subordinate mineralizations are present in oceanic mineralized
fields according to Rona and Scott (1993) and in intra-arc and back-arc rifts of the Caucasus. However, the
most significant gold mineralization occurs in island-arc and post-collision settings, where sialic crust is
predominant. Indeed, the richest gold deposits of the Caucasus are related to island arc post-collision
settings, including Madneuli, Sakdrisi, Cheratepe, Zod and Meghrazor (Fig.1). The giant gold deposits of
Muruntau, Kumtor, Chulboi, Daugiztau, Amantaitau, etc. are related to the Altaid orogenic collage according
to Yakubchuk et al. (2002), which corresponds to a post-collision setting. The gold deposits are associated
with rare metals, including W, Sb, Hg, and Mo. The mineralization relates to granitoid intrusions emplaced
in the back-arc basin carbon-rich sedimentary sequence. Magmatic events upgraded and added further
precious and rare metals mineralization into structurally favorable traps.

Conclusions

The data about base, precious and rare metals mineralization in the various geodynamic settings during
the Phanerozoic evolution of the Caucasus and the Pontides allows us to make the following conclusions:

1. The ultimate source of Cu must be mantle and ophiolites. This is confirmed by the Cyprus type
oceanic rift deposits. They exclude any participation and influence of sialic crust during mine-
ralization. The influence of basaltic crust source for Zn is subordinate, and occurs mainly during the
first stages of spreading. Zn derived from the basaltic crust, is significant in intra arc mineralization.
Au and Ag, participation is subordinate. Therefore in MORB and intra-arc settings Cu and Zn mine-
ralizations are predominant.

2. The source of lead is in sialic crust and in calc-alkaline volcanic enriched with radiogenic lead. The
content of lead in the basaltic crust and mantle is thought to be insufficient for producing essential
galena mineralization.
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3. In the island arc and marginal sea (back-arc rift) settings where sialic crust is widespread essential
(economic) reserves of galena and precious metals occur, as well as Cu and Zn, because basaltic
crust and mantle sources always participate in island-arc ore formation.

4. The rare metal (Hg, W, Sb, and Mo) mineralizations are related to post-collision settings as well as
precious metals — Au and Ag where sialic crust is a major component.

5. Gold mineralization is common in all pre-collision and post-collision settings. However the most
significant gold deposits developed in island arc and post-collision settings with abundant sialic crust
participation during mineralization is prevalent. Therefore, gold accumulated in sialic crust and it is
the main source of precious metals.

Acknowledgments

This study benefitted from financial support of the Georgian National Science Foundation (Grant 204)
and the SCOPES program (IZ73Z0-128324).

References

Adamia Sh., A., Lordkipanidze M.B., and Zakariadze G.S. (1977). Evolution of an active continental margin
as examplified by the Alpine history of the Caucasus //Tectonophysics, 40. P.183-199.

Adamia Sh. A.,Chkotua T., Kekelia M, Lordkipanidze M and Shavishvili I. (1981).Tectonic of the Caucasus
and adjoining regions: implication for the evolution of the Tethys ocean //Journal of Structural Geology,
3. P.437-447.

Adamia Sh.,A, Ylmaz A, Lordkipanidze M, Shavishvili I, Chkotua T and Chabukiani A. (1997).
Geodynamic evolution of the Black Sea region //International Colloquium, Ankara, Turkey, 19-20
November. P.8-9.

Gray LE., Gent C. A. and Snee L.W. (1997). Epithermal mercury-antimony and gold-bearing vein bodies of
Southwestern Alaska //Economic Geology. Monograph 9, 287-305.

Guner M. (1980). Massive Sulfide Ores and geology of Kure area, Pontides (N. Turkey) /MTA Bulletin,
93/94. P.65-109.

Hutchinson R. W. (1973). Volcanogenic sulfide deposits and their metallogenic significance //Economic
Geology 68. P.1223-1246.

Lomidze m. G., and Panov d. . (2001). Amagmatic initial stage of subduction at the Crimea-Caucasus
margin of the Tethys //Geotectonica, N4 (in Russian with English abstract). P.78-92.

Lordkipanidze M.B. (1980). Alpine volcanism and geodynamic of the Central Segment of the Mediterranean
Folder Belt. (in Russsian with English abstract) //Tbilisi: Metsniereba. P.160p.

Lordkipanidze M.B., Meliksetian B. and Djrbashian R. (1988). Mesozoic-Cenozoic Magmatic Evolution of
the Pontian-Crimean-Caucasian Region //France, Nouv. sér., Paris 154. P.103-24.

Mozgova N.N., Efimov A.V., Borodaev Y.S., Krasnov, Cherkasov G,A., Stepanova T.V. and Ashadze A.
M. (1999). Mineralogy and chemistry of massive sulfides from Logachev Hydrothermal field (140 45°N
Mid-Atlantic Ridge) //Exploration and Mining geology. I.M.Franklin, [.P.Richard ed., 8, N3, 4. P.375-
395.

Rona P.A. and Scott S.D. (1993). Preface of the Special Issue on Sea from hydrothermal Mineralization:
New Perspectives //Economic Geology. 88. P.1933-1976.

Shavishvili I.D. (1983). Variscan volcanism in the Caucasus //IGCP Project N 5, Newsletter. P.169-179.

Skripchenko N.S. (1972). Hydrothermal-sedimentary sulfide ores of the Basaltoid Formations (in Russian
with English abstract) /Moscow. 211p.

Tarney J., Saunders A.D.,Weaver S.D. (1977), Geochemistry of volcanic rocks from the island arcs and
marginal basins of the Scotia arc region //In: Island arcs, deep sea trenches and back-arc basins. M.
Talvani, W.C. Pitman IIT (Eds). Washington. P.367-395.

Ustaomer T. and Robertson A. (1997). Tectonic Sedimentary Evolution of the North-Tethyan Margin in
Central Pontides of Northern Turkey //In: Regional and Pertoleum Geology of the Black Sea and
surrounding region. Published by the American Association of Petroleum Geologist. Tulsa, Oklahoma,
USA 74101. P.255-290.

Yakubchuk A., Cole A., Seltman R.. and Shatov V. (2002). Tectonic setting, characteristics, and regional
exploration. Criteria for gold mineralization in the Altaid orogenic Collage: The Tian Shan Province as a
key Example //Society of Economic Geologists, Special Publication 9. P.177-201.

88



UDC 551.464

000063505 Ko 6530030 65HFNAOVISRBIRIBOL JIIG3IRMBS RS 3560FV0RIbS
@30 BR3OL LOddOMBZIRCL LIAIBMBOL BR30L BL3IGIR 65RIJIBI0)
(2008 VR0 3(MboGIATdOL 306LIR300))

3. 335b5@05L, 6. 3SB0BSAD], 8. LBSIIGIR2, 6. BIRSTZNR(?,
6. 336533002, G. bIbIGNS!, K. 6(I3IHN30!

s dodnggmml gobomagdols s 3936090980L LadobolA@ml Llod smgdlsbo®y xobyeodols
29m@maools 06LFoR G0, mdogobo, 0171, 3. sergflodols 9. gen-gmb@s: geolinst@geolinst.ge
2 bodg3b0gBrm-33egg0m0 QoMds “g8ds”. mdoanolio, 0171, 3. sangdbodols 1/9.

ge-gemb@s: gamma@gamma.ge

2008 §. ULoggerggo oggo@meos dmoiogos Fysadzgds g9@wmol bofoml ambomls jmbibowsb dw.
boBobgdols gbsdmsgol homgmom. glggdyamo bogngdgdols 6039dgddo gL sgmogmos @omnmbgdols (Fe,

Mn, Al Cr, Ni, Cu, Zn, As) o bogmmdol bobdodfgomdswgdols dgdggemmds. wopagbomos Fyom Jg9ds
Rgobg Igbfogaomo  3md3mbgbRgdol  Fgdggmmdols ©s 2o3M(3gegdol  3obmbbmdogdgdgdo  wo
Ygagboaos domo gobsFoamgdols Gz900.

Content and Distribution of Metals and Petroleum Hydrocarbons in the Black Sea Bottom Sediments
within the Coastal Zone in the Limits of Georgia (according to the 2008 data). V. Gvakharia, N. Machitadze, M.
Stamateli, N. Gelashvili, N. Benashvili, Ts. Khukhunia, L. Khomeriki. Ministry of Education and Science of
Georgia, LEPL Alexandre Janelidze Institute of Geology, 1/9 M.Alexidze str., 0171 Tbilisi Georgia. E-mail
geolinst@geolinst.ge

During the 2008 survey, the study water area included the underwater slope in the section from the Gonio cape
to the Natanebi River mouth. Content of metals (Fe, Mn, Al, Cr, Ni, Cu, Zn, As) and total petroleum hydrocarbons in
the bottom sediment samples has been studied. Based on the findings of the surveys the GIS maps showing distribution
of the studied compounds in the bottom sediments have been worked out.
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HeOu. B 00pasiax MOpCKHX TOHHBIX OTIIOKEHHH HccienoBaHo coaepkanue MetawioB (Fe, Mn, Al, Cr, Ni, Cu, Zn, As)
U He(PTAHBIX YIIIEBOAOPOAOB. Y CTAHOBJICHBI 3aKOHOMEPHOCTH COACPIKAHUS U PACIPOCTPAHCHUS HCCIICyEMbIX KOMIIO-
HEHTOB Ha MOABOJIHOM CKJIOHE U COCTaBJIEHbI KapThI UX paclpeieIeHUs.

Abridged English Abstract

Terrigenous material introduced in the Black Sea coastal zone by the rivers provides information
regarding the lithological peculiarities of the ‘feeding’ zones and ecological status of the latter. Distribution
of the terrigeneous materials within the underwater slope is conditioned by the relief of the bottom,
dominating currents, winds and other factors forming specific conditions of sediment accumulation in the
coastal zone. The surveys carried out in 1993-2000 enabled us to determine content of metals and their
distribution regularities within the limits of underwater slope, spatial distribution maps by each of the studied
components have been developed.

This paper presents information on the survey carried out under the national scientific grant
GNSF/ST07/5-206 “Study of geochemistry of the Georgian sector of the Black Sea and Dynamics of
accumulation of pollutants®. During the 2008 survey, the study water area included the underwater slope in
the section from the Gonio cape to the Natanebi River mouth. Content of Fe, Mn, Cr, Cu, Zn, Ni in the
bottom sediment samples has been determined by atomic-absorption (AAS); for Hg - cold vapor AAS has
been used, whereas for Al and As respectively - titration analysis, generally accepted in the silicate analysis
and spectrophotometric analysis with ammonium molybdate have been used. Total petroleum hydrocarbons
have been determined by means of the gas-liquid chromatography.

The study of the bottom sediments sampled from the shallow layers of the underwater slope in 1993-
2000 in the area next to the Chorokhi River mouth revealed the areas with high content of Cu, Zn, As.
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According to the 2008 data, high concentration of the mentioned components has been observed north to the
Chorokhi River mouth, edge of the canyon, the outmost part of the Batumi cape. Apparently, the rich in
metals terrigeneous material is transported northwards by the dominant currents. As for the petroleum hydro-
carbons, comparatively high concentrations have been observed in the bottom sediments within the inner
water area of the port of Batumi. Presence of hydrocarbons, at a lower level, has been observed in the
underwater slope next to the Supsa terminal. Based on the findings of the surveys the GIS maps showing
distribution of the metals and petroleum hydrocarbon in the bottom sediments have been worked out.
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M0 dobg@oggdo, o Yglodsdolo dobmoeb wogegd0Mgdygmo bygmaoy®o xagaol gag-
3963900 Cu, Zn s As (b@ogoo 2).

92



@abGogno 2
@ommbgdols Igd(339e0mds dp. km@dmbol gligh e boangdgddo, g/ ga.

Ni Cu 7n As 0 Mn, o
@000 | grsa | Be/ga | Olan | Be/gn | FO % |Ab%
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abGogno 5

JWAgmsiog®o ds@®ois (n=31, K =0.35)

Cu Zn Cr As Fe Mn Al

Ni | - 040 ; 1 051

Cu 1 0.81 - 0.89 1 0.51 ;
Zn 1 1 080 | 0.66 - -0.38
Cr 1 - 086 | 0.76 | 043
As 1 1 - .
Fe 1 0.63 | -0.51
Mn 1 -0.39
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boooygdmeb sM0ob s 353 oM gdyano.
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95]Bo hggbo sMobpgmo godmyganggzgdoms EsLAO® ds s doPymomgdl 0doby, M s go-
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30 M9300mb0ls 83290 39m@Mma0g® BMAde3090do, M Pmos sgegbl Mm@ Jow jmgogy@,
obggg Lopgdmgomyg® ngolgdgdl.
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There are considered three successively interchanging in time stages of the relief-formation. The main relief-
forming endogenic factors are volcanism (mainly) and tectonics. As to the exogenic ones, they are erosion, weathering
and denudation processes.
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Abridged English Version

The history of the formation of volcanic relief of Javakheti highland involves three successively inter-
changing in time stages of the relief-formation: Late Miocene-Early Pliocene, Late Pliocene-Early Pleisto-
cene and Late Pleistocene. Each of them is characterized by the individuality of tectonic movements, deve-
lopment of volcanism and exogenetic relief-forming processes. The territory of Javakheti highland is charac-
terized by the comparatively dissected relief which is broken by deep rocky canyons in the lava-streams and
volcanic buildings. For the relief of Javakheti highland graded structure is characterized: upper-volcanic
cones and lower-accumulative flattened surfaces. The relief of Javakheti highland is the unification (unity) of
volcanic ranges (Javakheti, Samsari, Murakvani, Nialaskuri), volcano-tectonic depressions (Paravani, Tabat-
skuri, Khanchali, Madatapi and so on) and plateau-basalts (Akhakalkalaki, Tsalka, Gomareti, Dmanisi).

The formation of the relief of Javakheti highland is the result of two counteracting forces: endrogenic
(destructive) ones.Constructive relief creative factors are: volcanism (mainly) and tectonic, from the
destructive factors — erosional-denudative and gravitational processes, seismotectonical showers and least of
all- glaciers must be mentioned.

From the types of relief accumulative volcanic forms (structures) lava streams, sheats and volcanic
cones prevail. By the type of eruption and chemical composition of the eruptive products among the volcanic
forms (structures) of Javakheti highland two main genetic groups can be singed out: 1. forms of the relief
created by the eruptions of the central type and 2.forms created by the eruptions of fracture- areal type.The
volcanic actions of Javakheti highland goes on by the forming of effusives, explosives and extrusives (arcks).
The main relief-creative role belongs to the effusives and explosives.

On Javakheti highland Samsari range is a remarkoble example of volcanic relief of late Miocene-early
Pliocene age. The typical forms of the microrelief of the range are extrusive cones of lava, slag, lava-slag and
thick lava streams, which flow toward different directions from the apical part of the range. Whithin the
limits of the range almost entirely eruption centres of central type are represented. They are served by
stratovolcanos, monogenic (lava, lava-pyroclastic and pyroclastic) and extrusive centres.

The role of Late Pliocene-Early Pleistocene volcanism in the relief-formarion of Javakheti and
Nialaskuri ranges and Akhalkalaki, Tsalka, Gomareti and Dmanisi plateaus is very great. Javakheti range is
characterized by comparatively dissected—weakly dispersed relief. The western slope of the range along the
whole its spreading goes all over into plateau-like flattened relief.
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To the East is comparatively steep and broken up by a dense net of deep river gorges. The main mass
of the volcanic eruption centres is arranged on the watershed part of the range and on its west slope linearly
or disorderly along the line of the deep fault. The relief of the apical part of the range is built up by strato-
volcanoes, extrusive arcs, cones of lava, slag and lava-slag and by disposed between them wide, flattened,
plateau—like depressed areas.

Late Pleistocene volcanic stage did not play essential role in the formation of the relief of Javakheti
highland. That time late Miocene stratovolcanoes began to restore. With them strong and long lava streams
of hyaloandesites are connected, which dont show the signs of errosional weathering or glacial exaration.
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PECULIARITIES OF CHEMICAL COMPOSITION OF THE GEORGIAN
NATIVE COPPER AND ,,COLCHURI TETRI’’ COINS

N.POPORADZE, KH.GACHECHILADZE

Ministry of Education and Science of Georgia. LEPL Georgian Technical University.
M. Kostava st. 77, Tbilisi 0175, Georgia. E-mail: nodar_poporadze@yahoo.com

By means of chemical and micro-X-ray spectral analyses it has been established that the chemical composition of
native copper and silver from the Bolnisi ore field is similar that of ,,Colchuri Tetri’’ coin. ,,Colchuri Tetri’’ coins have
been not-forged by partial smelting and then covered by silver, applying amalgamataion.
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E-mail: nodar poporadze@yahoo.com.
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XUMHAYECKOTO COCTaBa CaMOpPONHOH MeIu M cepedpa C XUMHYECKHM cOCTaBoM siupa MoHeTHl «Komxypu Terpm».
MoHeTbl ObUIM M3rOTOBJEHBI NMYTEM TOpsdedl KOPKM C YAaCTHMYHOTO IUIABJICHHS U 3aT€M IIOBEPXHOCTH IOKPUTHI
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Exploitation of ore deposits in Georgia has a long term history that is clearly evidenced by old metal-
workings, metallurgic hearths and slag of the processed ore material that is found on the territory of Georgia.

Copper mines in Georgia were known in the Bolnisi region — near Dambludi, in Racha — at the heads
of the rivers Chveshura, Zopkhituri and Khvreleti, in the Lashkheti village, at the river Tskhenistskali, in
the highlands of Devdoraki and Chortio in the Kazbegi region, in Achara-Trialetian highlands, in Kvemo
Kartli, Guria etc.

In East Georgia of the Bronze and ancient epochs, for development of copper, gold and silver
metallurgy Georgian metal workers applied native copper, silver and gold together with the primary and
secondary sulfide ores from Madneuli and Sakdrisi ore deposits located in Kvemo Kartli; their mining was
not connected with any difficulties.

Exploitation of ore deposits in Georgia has a long-term history that is clearly evidenced by old metal-
workings, metallurgic hearths and slag of the processed ore material that is found on the territory of Georgia.

Copper mines in Georgia were known in the Bolnisi region — near Dambludi, in Racha — at the heads
of the rivers Chveshura, Zopkhituri and Khvreleti, in the Lashkheti village, at the river Tskhenistskali, in
the highlands of Devdoraki and Chortio in the Kazbegi region, in Achara-Trialetian highlands, in Kvemo
Kartli, Guria etc.

The fact of the native copper direct application is evidenced by the similarity of the chemical
composition of copper ware of various destination and that of native copper.

In East Georgia of the Bronze and ancient epochs, for development of copper, gold and silver
metallurgy Georgian metal workers applied native copper, silver and gold together with the primary and
secondary sulphide ore from Madneuli and Sakdrisi ore deposits located in Kvemo Kartli.

Native copper mining and application has a long-term history. Only mechanically concentrated native
copper was used to make small quantity of wares for rather limited purposes; coins were among them.
Whereas ores mined from the primary sulfide basic deposits, were mechanically concentrated and heated in
forges as to remove sulfur and other waste material by smelting.

The detailed micro X-ray spectral analysis of metal material (copper, bronze, gold, silver) and its
comparison with the chemical composition of native gold, copper and, partially, of silver gave lots of
considerable results. Georgian metal workers in the Bronze and antic epochs in most cases used only
mechanically dressed native metals to make copper, gold and silver wares. In such wares we have fixed
mineral inclusions and micro-components of chemical elements that are of the same quantity, form and
distribution peculiarities as those in native copper, gold and silver.

From the usage viewpoint copper and silver are considered to be the first elements, as copper was the
first metal applied in making arm and jewelry.

The copper sulfide ores and mineralizations in Kvemo Kartli are represented as veined, lenticular,
nest-form, stockwork-like, column form and other bodies. The texture of the ores is veined-impregnated,
veined or massive. The ores are of various mineral composition; they are represented by sulfide, oxide,
sulfate, silicate, carbonate and native minerals.

The primary sulphide minerals are: pyrite, chalcopyrite, sphalerite. As for veined mineralsthere occur:
quartz, barite, carbonates and gypsum. Chalcopyrite often fills the fissures in the rock, sometimes cements
quartz, pyrite and sphalerite.

In the areas of Madneuli and Sakdrisi deposits, there are distinctly expressed exogenic processes and

zonality corresponding to them. There occur zones of oxidation, secondary dressing and primary ores. In the
oxidation zone, due to the abundance of oxygen, copper and iron sulfide minerals become unstable and turn
into stable hydroxides and other compounds such as sulfates, carbonates, oxides, silicates and phosphates.
It is known that the zone of oxidation of the primary sulfide deposits is formed in complicated physical-
chemical conditions - under the influence of atmospheric agents (water, oxygen, carbonic acid, etc.,) primary
ore metals and sulfurous compounds dissolve in underground waters and migrate; so the intensive oxidizing
environments in the received solutions are stipulated by the chemical substance of ores, the form of sulfur
existence in the solution and the chemical properties of the oxidation products.

The oxidation zone reaches hundreds of meters in thickness wherefrom copper is not abundantly
removed. Secondary minerals of copper occur at the surface too. The main typomorphic (Fig.1) minerals of
copper in the oxidation zone are the following: malachite, azurite, tenorite, chalcanthite, chalcosine,
chrysocolla and turquoise.
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Fig.1

Fig2
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In the secondary dressing zone together with the primary minerals of copper and iron there occur
chalcosine, covellite and bornite that originated in a reducing environment. Most of the secondary minerals
of copper generated as a result of chalcopyrite oxidation at various degree; cuprite, tenorite and pure copper
are exceptions; they are generated due to the replacement of chalcosine — mineral of the secondary dressing
subzone. Pure copper generated in the conditions of the oxygen deficiency. It mainly occurs in malachites
and iron hydroxides. The latter are represented by goethite and lepidocrocite that are generally generated at
the expense of pyrite and chalcopyrite. Iron hydroxides occur in the form of veinlets, small inclusions, dabs
and micro layers and give the rocks yellowish-brown and rusty colors.

In the Kvemo Kartli region within the limits of various deposits and ore-manifestations there are
known native copper bearing areas where even today could be found native copper samples of various form,
size and weight. Native copper occurs as impregnated dendrites of various form and size, dabs and also as
free native forms, from micro-grains (Fig. 2) to solid masses weighing several kilograms or tens of kilograms
(Fig 3).

Native copper of comparatively small sizes occur together with the secondary minerals. It replaces or
comprises chalcosine and bornite in the form of inclusions and cuprite — in the form of dabs (Gachechiladze
et al. 2000).

On the polished surfaces of native copper samples there are distinctly seen chalcosine, quartz and
cuprite segregations. Microscopically there are found small segregations of the silver independent phase. By
the detailed micro X-ray spectral analysis of the native copper polished surface there have been defined the
quantity of admixed elements, chemical composition of the existing separate independent minerals and
content of micro-components.

Segregations of separate minerals in native copper are represented [see fig. 2] by quartz, chalcosine,
cuprite and argentite, while among the micro-components there are fixed arsenic, selenium, lead and small
content of gold, silver, tellurium and silicium. No tin and cadmium have been defined. In the native copper
the copper content varies within 86-98%, arsenic is fixed in most of the points and its content in a point
reaches 2.75%. Selenium content is particularly notable; it is not fixed in all the points but its content in one
point is very high and reaches 5%. Gold is fixed in eight points out of eighteen and reaches 0.72%, silver is
fixed only in two points and reaches 0.25%, tellurium — only in one point(0.12%). Silicum occurs only in
several points. Lead content in some points is high enough and reaches 1.14%.

Presumably silver, gold, selenium and tellurium are irregularly distributed and interchange copper
isomorphically while lead, silicum and arsenic, in the authors’ opinion, are represented as micro-crystals of
separate independent minerals relying their assumption on the occurrence of quartz independent phases in
certain cases.

Small, independent, silver phases occur in native copper and quartz as well as in chalcosine. The
chemical composition of silver is the following: Ag 80-91.53%, Cu - 2-12% but in separate cases copper
content much exceeds that of silver; lead (maximum 1.12%), arsenic (max.3.07%), selenium and tellurium
are characterized by heterogenic composition: selenium - max. 0.65%), tellurium — max. 2.85%. Tellurium
is defined nearly in all the points, gold — in several points with maximal content — 0.43%.

In several phases of quartz there occur small segregations of copper and silver independent phases.

The chemical composition of small copper inclusions occurring in a quartz crystal is identical to that
of the native copper of large sizes.

Besides the copper and sulfur in chalcosine there occur silver (only in three points, max.0.27%), lead
(max. 1.12%), arsenic (max.1.62%), selenium (in twelve points out of thirty, max.5.98%), tellurium (only in
one point, max.0.2%), gold (in nine points, max. 0.58%).

The chemical composition of Madneuli native copper of free form (see Fig.3) is the following: copper
content varies within 90-99.58%, arsenic is fixed nearly in every second point in high content — max. 3.01%.
Selenium is generally in higher content (fixed in 60% of the defined points, max. 5.45%). Tellurium is not
practically fixed, even at the trace level. Lead is fixed in every fourth point and reaches 1.39%. Iron is fixed
in some points and reaches 0.61%. Silicum is fixed in every third point and reaches 2.99%. Silver, tin and
cadmium are not practically defined. Gold is fixed in every third point and reaches 0.44%. Silver occurs only
in several points and reaches 0.24%.

Detailed Micro X- ray spectral analyses of the available archaeological metallic material (copper,
bronze, gold, silver) and its comparison with the chemical composition of native copper, gold and, partially,
silver indicate that Georgian metal-workers in the Bronze and Antique Ages often made copper, gold and
silver wares only of mechanically concentrated local native metals. In the mentioned wares, we have fixed
mineral impregnations and micro components of chemical elements of the same quantity, form and regularity
of distribution as in native copper, gold and silver.
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From the usage viewpoint copper and silver are considered to be the first elements, as copper was the
first metal applied in making arm and jewelry (Lordkipanidze, 2002). Only mechanically concentrated native
copper was used to make small quantity of wares for rather limited purposes, coins were among them;
while the ores, mined in basic sulfide mines were concentrated and heated as to remove sulfur and other
waste material by smelting in the hearths.

The fact of the native copper direct application is well evidenced by the similarity of the chemical
composition of copper ware of various destination (“Colchuri Tetri“ coins among them) and that of native
copper.

One of the principal purposes of the present research work is to investigate “Colchuri Tetri” (Colchian
silver coins), namely - to define the detailed chemical composition of half-Drachma II type coins and, on the
base of the received data, represent the source of raw material and the model of any probable technologies of
their manufacturing,.

According to the received data it may be assumed that such detailed chemical researches of “Colchuri
Tetri” have never been carried out, the results are very interesting and a great deal of it is fixed for the first
time.

The sequence of the researches is the following: initially the chemical composition was defined only
on averse and reverse surfaces of “Colchuri Tetri* (half-Drachma) in several uninjured points where silver
content reaches 88.95-96.76%, copper — 1.97-8.74%, there also occur lead, silicon and arsenic in low
contents, while stibium, tin, iron and zinc are not practically fixed (Poporadze et al., 2005).

Micro-X-ray spectral analyses of the injured points showed higher and rather dissimilar content of
copper that made it necessary to define chemical composition deeper inside the coin. For these purposes
there were carried out detailed researches of thirty half-Drachma coins from private collections;
investigations were carried out on averse and reverse surfaces as well as along the cross section. Even
visually it can bee observed that coins have light grey thin layer outside and grey-brownish or light coppery
core inside which in parts is of different chemical composition, various tonality, size and form.

The chemical composition of the native copper and silver from the Bolnisi region, the forms of

existence of admixed elements and separate minerals, their quantity and distribution is identical to those of
the “Colchuri Tetri” coins; this consideration makes it possible to assume that “Colchuri Tetri” coins are
made of native copper and silver masses of various size and natural forms mined in the Bolnisi ore-bearing
valley. The ore material was heated, partially smelted and forged, and then the forged coins were covered
with silver by the method of amalgamation (Poporadze et al.).
In 1950 T.Aroshidze (Aroshidze 1950), the chemist, defined chemical composition of four “Colchuri Tetri”
coins by drop method and received notable results. In the “cores” of the coins the copper content varied
within 48.0-71.73% whereas silver content — within 28.42-51.17%. In one of them lead content is 2%; in
two of them gold content was not fixed even in the form of admixture. Such content is analogous to Kvemo
Kartli native copper content.

The peculiarities of chemical composition of outer layer and core will be described in details for each
coin.

Fig. 5 represents averse and reverse surfaces of a coin with a distinctly expressed man’s and bull’s
heads of greyish-white colour. On the cross section surface of the coin there is observed a zonal constitution,
namely, the silvery covering layer greatly differs from the light coppery reddish core; on its side, the core
differs by composition and at magnification there can be noticed parts of various tonality, form and size
(fig.8). At the edges of the coin, together with the voids, there are fixed dark-brown to blackish rounded
(sometimes angular) inclusions of 0.05-0.2mm. The core is fringed by a thin silver layer of different
thickness, chemical composition of which was defined in eight points. The results are the following: Ag -
90.78-96.50%, Cu - 1.52-5.21%, lead content is relatively low and is irregularly distributed, in some points it
is not fixed at all, arsenic is also characterized by low content and irregular distribution (up to 0.42%).

Light brownish-yellowish core is of different tonality and is characterized by rather heterogeneous
chemical composition. 32 definitions at identical intervals have been carried out along the profile of the coin
section. The silver content varies within the wide range 7.51-87.32%, copper 8.63-84.03%, arsenic content is
rather low and only in several spots is noticeable, lead content is rather high - 6,56%, though in several
points it is not fixed at all. Gold content is fixed in parts enriched by silver (maximum 1.01%) where higher
content of tellurium and selenium are fixed as well. 5 definitions are carried out on the surface and 32
analyses — deeper in the core. Parts of silver-copper and copper-silver alloys in the core are of different size
and irregular distribution and the chemical composition of one part gradually transfers into that of the other
one.
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Dark inclusions are represented by copper sulphide (Cu,S) where copper content reaches 81-82%, and
the rest is sulphur; dark inclusions and voids are the result of disturbance of the technologic cycle while
manufacturing the coins, namely there didn’t take place chemical homogenization of the fusion.

Fig. 6 represents a coin covered by a very thin outer layer of nearly pure silver. Its chemical
composition is the following: Ag - 92.05 -95.58%, Cu -2.09-6.70%, lead practically doesn't occur and is
fixed only in one point 5.28%; arsenic is fixed in three points (out of eight ones) and reaches 1.01%. It is
interesting, that mercury content is fixed in four points (among the eight ones) and reaches max. 1.24%.
Inward it is followed by unequal silver-copper alloy that in some parts, especially at the edges, is rather
thick.

According to the section in width, the core is light coppery of different tonality. It is of rather
dissimilar chemical composition and in silver-copper alloy silver content varies within 24.0-87.3%, copper -
11.6-77.0%, arsenic content reaches 0.65% and lead - 1.7%.

Chemical composition of silver-copper alloy is rather inhomogeneous. On the basis of the detailed
micro-X-ray spectral analysis of its surface (more then 60 tests over 75 mm®) there had been distinguished
the probable parts of alloys being of various chemical composition and regularity of distribution. According
to silver content the inhomogeneous parts may be divided into three groups: 23-40%, 41-47% and 75-87%.
Form, size and distribution of the mentioned parts are dissimilar and irregular. Lead content is comparatively
low and is fixed only in several points.

Some parts of the coin surface in Fig. 7 are intensely rusty and the silver layer is practically removed
and coppery metal can be seen. On the surface of the section the border between coppery core and silvery
outer layer is quite distinct. Chemical composition of the averse and reverse surface uninjured silvery parts is
the following: Ag - 92.89-97.07%, Cu - 2.04-4.18%, lead and arsenic contents are low. Lead content is fixed
only in several points.

Micro-X-ray spectral analysis show that chemical composition of the core is nearly that of pure copper
Cu -94.7-98.54%, Ag - 0.18%, arsenic is fixed in some points and reaches 1.92%. The chemical composition
of copper and the distribution of micro components in it fully coincide with those of Madneuli native copper
and the essence of micro components in there.

The surface of the eighth coin is light greyish-silver. In the cross section in the light brownish core
(Fig.8) there is clearly seen a coppery reddish part of prolonged triangle (wedge) form. Averse, reverse and
section in width of “Colchuri Tetri” coin is shown in Fig. 7.

The chemical composition of the surface is the following: Ag - 91.78-93.78%, Cu — 3.26-4.61%, As —
0.15-0.65%. Lead content varies within the broad ranges and reaches 2.45%. Noticeable is the mercury
content (maximum 0.70%). Chemical composition of the coppery reddish part in the central part of the core
is the following: Cu — 77.87-89.80, Ag — 8.30-20.40%, arsenic is fixed in some points and reaches 0.45%.
Lead is not fixed in all the points but reaches 2.38%. Most part of the core is nearly of the same silver-
greyish colour but the chemical composition is different. There are parts where silver content is high and
varies within 79.42-92.05%, copper — within 6.67-19.61%, while in some parts silver content is rather low, to
21%, while copper reaches 80%. Arsenic content is high enough too but only in several points; lead content
is rather high (maximum 3.56%) in several points.

The ninth coin is noticeable for its numerous coppery reddish segregations observed in the core at a
large magnification whereas in the edge parts, covered by comparatively pure silver, there are observed
rounded and angular voids of 0.1-0.4 mm in diameter or dark segregations. The chemical composition is the
following: the surface — Ag — 92.69-94.55%, Cu — 2.67-4.75%, arsenic (maximum 0.43%) and lead
(maximum 2.18%) are fixed only in several points; in light brownish parts of the core Ag 84-91.22%, Cu —
7.31-11.48% the content of arsenic and lead is comparatively low and it is fixed only in some points; in grey
parts Ag reaches 18.08%, Cu - 79.91%; in segregations Cu— 79.81%.

On the averse and reverse surfaces of the tenth coin a man’s and a bull’s heads are well preserved but
on the reverse surface in some parts thin silver cover is removed and there are distinctly observed rusty parts
of copper. In the section profile there is observed a zonal construction. The central part, so called, core is of
distinctly different colour — silvery-greyish (at the edges). It is represented by silver-copper and light coppery
copper-silver alloy. The latter, in its turn, consists of parts of various tonality, size and form. The core is
entirely covered by thin silver layer of various thicknesses (0.1- 0.8 mm) in some parts. The chemical
composition of the surface is the following: the silver varies within 90.27-94.08%, copper — 3.5-5.08%, lead
is in high content — 1.91%, in one point arsenic content is high (2.47%) as well.
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On the surface of the eleventh coin a man’s and a bull’s heads are rather well preserved. In its cross
section there are observed a thin monochromatic silver layer of the same thickness and a light coppery core.

The chemical composition of the covering layer is: Ag — 92.53-94.08%, Cu — 4.33-5.89%, lead
composition is decreased, arsenic is not practically fixed. Chemical composition of the core is variable there
are also fixed parts enriched in silver Ag — 82.07-91.48%, Cu — 6.38-14-00% and those of enriched in copper
Ag - 9.37-19.44%, Cu — 76.84-89.49%, lead composition varies and in one point it reaches 2.42%; arsenic
content is high, maximum 2.49%.

Due to the mercury content in the covering silver layer it may be considered that coins, forged of
native copper and silver by heating at low temperature, have been coated with silver using amalgamation
method and consequently mercury is preserved in comparatively inner layers of silver. The core is made of
only mechanically concentrated native copper and native silver of various sizes and forms by the way of
mechanical forging at comparatively higher temperature; parts of various sizes and compositions points to
variability in sizes of initial natural fragments.

Considering the data of comparison of the chemical composition of the Bolnisi region native copper
and silver, of their forms of existence, quantity and distribution of admixed elements and separate minerals
in them, with the chemical composition of “Colchuri Tetri” coin it may be assumed that “Colchuri Tetri” has
been made of native copper and silver extracted in the Bolnisi ore valley; they were hot forged, partially
smelted and covered with silver by the method of amalgamation.
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Mineral resources are national wealth of the Country. Currently, there is an important resource base in Georgia; its
value in subsurface resources is more than 90mil. USD. Minerals, as state material asset, would be used for economic
development of the Country. It is necessary to capitalize raw material resources and impel work proper mechanisms.
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Abridged English Version

Long-term dynamic geological development in Georgia has caused arising of set of different kind of
mineral raw deposit formations. To study and re-evaluation their potential and effective usage is necessary
for economic development Country.

Mineral resources are national wealth of the Country, whose volume and value does not depend on
dramatic political changes. Country and its government are interested in managing their natural resources.

Currently, there is an important resource base in Georgia. According to different calculation value in
subsurface resources more 90mil.dollrs, but they are associated with using large financial and techno-
economical difficulties.

In condition of shortage of local resources, it is necessary to provide foreign investments, funding and
providing with technical equipments, modern technologies, creating of manufactory marketing based on
mineral resources and commercialization of minerals.

Determination of real value of mineral raw materials is possible by using modern monitor system and
macroeconomic analysis.

Minerals, as state material asset, would be used for economic development of the Country. It should
be possible to sell, to rent, to lease or to put mineral raw material (partly) in pawn; to leave it as a guaranty,
to be transferred (lend) —to physical and juridical persons. For this purpose it is necessary to capitalize raw
material resources and impel work proper mechanisms.

The definition cost of the mineral resources as state property would affect any international market
and would be created additional bank value.
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VOLCANISM AND EVOLUTION OF HOMINIDS
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Caucasian Alexander Tvalchrelidze Institute of Mineral Resources,
85 Z.Paliashvili str., Thbilisi, 0162, Georgia, E-mail: nani45@mail.ru

One of the key unresolved issues of evolution theory is the transition of African hominids to bipedalism and their
further resettlement — prochoresis and indegenisation on other continents. Reconstruction of the living conditions of
hominids in Africa and outside it maces possible to account the reasons of their migration from Africa and their
settlement in Europe. It is suggested that main reason of moving force of making hominids leave their native lands was
fear for natural convulsions.
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One of the key unresolved issues of evolution theory is the transition of African hominids to
bipedalism and their further resettlement — prochoresis and indegenisation on other continents.

Scientists agree that our ancestors learnt walking on two feet millions of years before they began to
work. But, having come down from trees, they chose very strange method of movement, whereas their
closest congeners still continue to live as before, without changing their habits.

Taking into account, that resettlement of out ancestors to various continents had begun from Africa
(that is already proved by the data about spreading of DNA), the following question arises: was it accidental,
that ancient humans appeared just in East Africa? Did they abandoned their habitable places voluntarily, and
what kind of circumstances could make them do it? (Aslanikashvili, Suladze, 2005).

It’s supposed that the cause of exodus of out ancestors from Africa was the worsening of climatic
conditions and deficiency of food resources. Consequently, we need to find out: what had conditioned such
sharp change of climate, if it had occurred at all. Finding the answer to this question is possible only by
reconstruction of peculiarities of hominids’ habitats: climate, geological structure of location, ancient
landscapes and ecosystems.

Finds of the most ancient hominids, dated by the age of 6-7 million years, are known in the north of
the Republic of Chad. On the given territory, as well as throughout Central Africa, the beginning of Neozoic
era is marked by significant manifestation of fault tectonics, accompanied be extensive volcanic (Memuare
sur la tectonique du continent Africaain, 1973).

Absolute majority of the places of burials of hominids on African continent are concentrated (see fig.
1) within the development of East African Rifts (EAR), originating on the south of the continent, near
Zambezi River. In deep hollows, formed by discharges, the following lakes are located: Nyasa, Rukwa,
Tanganyika, Kivu, Albert, Edward, Rudolf (Turkana). Further rift continues in the form of Acaba Bay, valley
of the river Jordan, hollow of the Dead Sea, Beqaa Valley (in Lebanon). Further to the north it joins Tavra
folded system.

EAR began to obtain modern appearance in Paleogene with intensification of tectonic processes
throughout the whole Earth. Almost all active volcanoes of Africa are located within the rift.

The remains of relatively young (2.0-3.5 million years) hominids were found at various times on vast
territories of Kenyan rift zone and here and there on its periphery, as well as on separate areas of Tanganyika
and Rukwa-Nyas rift zones.

Forms of relieves, created by the processes of surface volcanism during Neogene and Quaternary era:
eruptive apparatus, lava covers, pyroclastic tails, diverse by morphology and substantially differing
according to the level of further processing by tectonic movements, denudation and accumulation processes,
are widely spread on the mentioned et al., 1974).

In the Tanganyika Rift zone volcanism is referred, mainly, to middle and partially to early Pliocene. It
contains many central volcanoes, structured, basically, by lavas and tuffs of alkaline composition, and, in
part, basalts, located inside the central graben of Kenyan Rift zone and in the area of its south end, as well as
in transversal graben of Kavirondo. The start of activity of Kenya volcano, and, perhaps, the end of activity
of Elgon volcano refer to the same time.

Central Pliocene volcanoes are spread more further to the south, then Miocene volcanoes (up to 3°-
4°30/ south latitude), reaching the south end of Kenyan Rift zone. In addition to central volcanoes, the covers
of phonolite, trachyte and basalt lavas, confined to the present central graben of Kenyan zone, also belong to
the same generation. Volcanites of late Pliocene and Eopleistocene age are extremely widely spread in
Kenyan Rift zone.

Pleistocene and Holocene volcanic structures play milder role in the relief of Kenyan Rift zone, than
late Palaeocene. It is the series of small, monogenic volcanoes in its north end, near the south edge of the
lake Rudolf (Turkana), as well as multiple explosive craters (maars) on several sites of the same zone (Ol
Doinyo Lengai, Kwaraha, Hanang and Basotu). Immeasurable greater areas are occupied by quaternary
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volcanic relief within meridional strips, stretching along the east border of Kenyan Rift zone. Here the
quaternary vulcanites compose central massifs — volcanic massifs Meru, Kilimanjaro, and, partially, Kenya,
as well as vast valleys of basalt lavas, topped by a lot of monogenic volcanic cones (Belousov et al., 1974).

Thus, the combination of tectonic activity with wide development of lake basins, peculiarity of
vegetation cover and fauna led to the formation of new, abundant ecosystems, possible, like ecosystems of
young islands of volcanic origin, where evolution proceeds with the highest pace (Millien, 2006).

According to the latest data, probable ancestor of a human — Ardipithecus ramidus resided on the
territory of preset Ethiopia about 4,5 mil years ago (Alberts, 2009).

In 1999 in Kebya, on the west side of the lake Rudolf (Tarkana), scull was found, age of which is
estimated at 3,5 mil years. In Olduvay Gorge, in lake clays, alternating with tuffs and basalt covers, large
quantity of bone fragments was found, dated back at 2,4 — 2,4 min years.

In Hadar Desert, Ethiopia, petrifications with the age of ~ 3,2 min years were found (Johanson,
Edee,1981). The main sensation was the discovery of skeleton of orthograde hominid (“Lucy”), and later —
large quantity of bones, belonging to at least 13 individuals of the same species.

Exceptionally interesting are the findings of Raymond Dart in limestone caves of South Africa, where
large quantity of bone fragments (about 150000) including those of hominid and baboons are confined in
breccia. Out of 42 broken sculls of baboons, left side of 27 (64%) is damaged. The scientist tried to explain
this fact by various reasons, but from the very beginning he rejected the possibility of damage of the left side
of sculls due to collapse of rock in the cave. According to the second version by R. Dart, hominids were
hunting for baboons and killed them by hitting with cudgels or stones. Afterwards it was clarified that they
were not hunters but victims: some predators were killing and bringing baboons as well as Australopithecus
to those caves. Later none of these versions found justification.

This fact could be explained as follows: Breccias *in this case, bone-bearing rocks) are formed in the
process of sedimentation of fresh, angular products of eruption (volcanic clastics) in water medium. Co-
location of bones and debris in breccia cement indicates to their simultaneous coming in water reservoir —
later compacted limestone mud of shallow water. As it clarifies (Johanson, Edee, 1981), breccias were
characterized by such density and hardness that it was very difficult to extract bones thereof. Consequently,
it could be concluded that the formation of the rock proceeded in not quite usual conditions, over still hot
volcanic clastics, so the process of cementation was more like the so-called “welding”, as the rock of this
(relatively young) age, as a rule, are weakly consolidated.

In out opinion, attention should also be paid to the circumstance that palacovolcanic centers are
located to the west and south-west of hominids’ location (see fig.1). Existing of multiple ash layers in the
sections evidences multiple eruptions. It’s natural to assume that eruptions were accompanied by the
strongest and multiple earthquakes. In such circumstances hominids, like various representatives of fauna,
had to do nothing but run in order to survive.

If we proceed from the circumstance that ashfalls during eruptions damage trees first of all, the only
right decision is to come down to the ground, and then — avoid trees and find more secure ecological niche. It
should also taken into account that powerful pyroclastic eruptions are accompanied by emission of a large
amount of aerosols, which, reaching stratosphere, hamper the penetration of ultra-violet rays intro the lower
layers of atmosphere during certain time, which leads to short-period fall of temperature.

Thus, the hominids could be made to change the way of life by extreme conditions, causing strongest
(panic) feeling of fear. It is eloquently evidenced by footprints, found on volcanic ash (age 0 3,5 mln years)
in Laetoli (Tanzania), which, as supposed, are left by hominids while running.
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Fig. 1. The Most important anthropological monuments of Africa and contiguous territories:

1 — system of rifts, deep breaks;
II — centers of Pliocene Pleistocene volcanism;
III — locations of anthropological monuments: 1-Ubeidiya; 2-Hadar; 3-Omo; 4-Koobi-Fora; 5-Olduvai; 6-Laetoli; 7-
Makapansgat; 8-Sterkfontein; 9-Svartkrant; 10-Kromdrei; 11-Dmanisi; 12-Chad.
IV. Uranium deposits
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It is difficult to judge how mass character had the exodus of hominids to other lands. Of course,
certain quantity of individuals remained there, withstood and scattered on other territories of African
continent. This assumption is supported by finding of three fossil sculls with age of about 160 thousand
years, discovered during digs in Ethiopia. It’s supposed that these are the most ancient remains of Homo
Sapiens ever known.

But, judging according to the geography of later burials, most often they found themselves in the same
conditions as in abandoned estates. The matter is that in volcanic areas favourable landscape-climatic con-
ditions are often created: existence of water and fertile soil, abundant vegetation, plenty of food resources, a
lot of caves, representing natural shelter, etc.

It could be supposed that the further way of the refugees proceeded to the north-east, towards the
development of rift valleys. The traces of ancient human presence were found in Levant Rift — branch of
Afar — Red Sea rift zone (see fig. 1).

Mentally following the route of our travellers, through Armenian volcanic plateau we approach the
site at Dmanisi. Hominid remains (~1,78 mln years), found there prove that they began to leave Africa prior
to appearance of Homo erectus on the Earth. Scientists agree that nowhere on the planet they have come
across such an abundance of ancient bones (over 5000 bones of ancient fauna, including predators) of
animals and instruments on such limited area (300 m®). Most likely, the animals appeared here little later and
their coming here was conditioned by some extreme event. It’s difficult to find other explanation, as it’s
impossible to believe that humans and animals occupied this limited area simultaneously (Aslanikashvili,
Suladze, 2005).

According to the data (Gabunia et al. 1999.), there are six layers in Dmanisi section. The lowest one
lies directly on basalts and represents solid volcanic sand of black colour. It contains fresh, unprocessed
basalt pieces, indicating that accumulation of debris here began soon after lava eruption. In this layer, at the
depth of 4 m, fragment of lower jaw of rhinoceros and its molar was found. The next layer consists of loams
with sand and clay bands. Just there the sculls of hominids, multiple remains of vertebrates and stone labour
instruments were found. The fourth layer is formed by loams and also contains a lot of artefacts. In the third
layer — limestone crust — there are practically no findings. A lot of stone items were found in the second
layer, but very few remains of vertebrates.

Sites of ancient humans were located relatively close to the centres of eruptions, and, consequently,
dwellers of those sites probably felt the impact of volcanic eruptions.

Judging by the remains, local fauna was quite diverse — ostriches, rodents, elephants, Etruscan wolves
and bears, meganterons, deer, bulls, etc. lives there; and palynologic data evidences the existence of
abundant vegetation.

All the above mentioned indicate that the life in this “oasis of prosperity” was periodically oversha-
dowed by the activity of volcanic centres.

If our assumptions are correct, coming down from trees and change of manner of movement, in the
course of time, to erect manner (bipedalism), might be considered a forced, spontaneous act, caused by
strongest fear.

But fear inevitably leads to stress.

Canadian physiologist Hans Selye (1974) — the founder of the theory of stress, considers, that by stress
the organism responds to unusual situation, demanding urgent solution. Stress, primarily, is a psychological
condition, having physiological causes. These are the changes, which occur in organism, when a human
faces danger or excessive loading, caused by negative, as well as positive emotions.

Run, fight and freeze — these are the three methods, which the nature taught human organism for
responding to stress. According to the type of response to stress, all human being could be divided into three
types: fighter, fugitive and helpless. The fugitive does his best to escape from not only real, but also
anticipated danger. He becomes suspicious, excessively careful, begins to suffer from assumed fears,
becomes panic-stricken for any reason (Selye, 1974).

But what kind of motivation could dominate in the behaviour of escaping Australopithecus? What
consequences could the stress, caused by the unknown (and incomprehensible) events lead to, and how could
it reflect upon the hominid’ behaviour?

In accordance with the theory of dissipative structures, developed by the Nobel Prize laureate 1. R.
Prigozhin (Prigogine, Stengers, 1984), most of systems in the universe are open, i.e. they exchange energy
and substance (or information) with the environment. Biological, as well as social systems belong to open
systems. All of them include sub-systems, which are permanently changing. In certain moment, some certain
fluctuation (variation, changeability) or their combination can become so powerful that the formerly existing
organization can’t stand it and collapse. At this critical moment — bifurcation point — it’s in principle
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impossible to predict the future direction of further development: will the state of the system become chaotic
or will it transit to a new, more differentiated and higher level of order.

Obviously, extreme conditions during volcanic activity, changing the appearance of the Earth and

routine ways of life of its inhabitants, causing fear in hominids and leading to stress, could be considered a
kind of bifurcation points. Moreover, genetic modifications, occurring during it, could become one of the
basic factors in the process of formation of Homo Sapiens (Aslanikashvili, Suladze, 2010).
It is supported by the data of latest researched of scientists of Emory University (USA, Atlanta), who
managed to find the gene (FKBP5), responsible for the resistence of a human against stress; according to the
results of experiments, this gene helps to control hormones, produced in response to stress; in particular,
when humans face stress, organism begins getting ready for reaction, i.e. fight, escape or freezing, which
allow a human survive. This gene was found in people, who had experienced physical violence, rape or gone
through military actions, tortures, catastrophes or natural disasters (Molchanov, 2008).

Consequently, it could be assumed that triggering mechanism of evolution processes was the extreme,
and, naturally, accompanying feeling of strongest fear.

If our assumptions are correct, another question arises — how did they (Australopithecus) managed to
survive and adapt to a new environment? Those who succeeded, continues living. Consequently, it’s
necessary to find out whether the nature had granted them some special virtues, thus giving the chance of
survival, moreover — development and perfection (judging according to the results).

Interaction of organism and environment implies the existence of informational-energetic flow at the
“entrance” — “exit” of the system or within the system itself and thermal and mass exchange with the
environment. Elements of structure of living systems have the ability of “provisional readiness” for
interactions. In the case of particular changes of environment, (stability) combines in them with the ability of
complete “blending” with environment, adjustment to it even in the case of major changes (flexibility), that
is the important factor, conditioning the possibility of evolution (self-organization) of living systems
(Vdovina, 2009).

Another, not less important factor is the properties (parameters) of environment, as the process of
realization of the individual’s interaction with the environment (behavior) will necessarily be somehow
corrected, depending upon the direction and dynamics of development of its constituents (climate,
landscapes, including substrate, water resources, etc.).

The beginning of formation of Homo Sapiens is dated by 2,4 mln years, when mutation occurred in
the gene MYH16, controlling the development of euhominid’s jaw muscle.

Six main factors, influencing the picture of expression of our genes, as well as genome on the whole,
are specified: food, nutrition regime, physical activity, stress level, harmful habits, environment (ecology).
At that, many of these interactions of genome and environment are epigenetic (Senkov, 2008). And
according to the latest data (Pollard, 2009), the process of formation of species is conditioned by radical
changes in emotional regulation of behavior, in the result of emergence of new genes. This, in particular, is
prodynorphin (PDYN), produced in cerebrum and controlling perception, behavior and memory (Matthew, et
al., 2005).

According to other sources, critical event, responsible for evolution of human brain, was the mutation
of genes HAR1 F and HAR 1 R. It’s reasonable to assume that such sudden and point change in the genome
of our remote ancestors 7-5 min years ago could lead to the leap in evolution of consciousness.

It’s remarkable that the finds of one of the most ancient hominids in the deserts of North Chad, not far
from the south bound of Sahara, is dated by this very time (Aslanikashvili, Suladze, 2008).

And long before that, ~ 25 min years ago, ancestors of humans and other primates broke away from
common predecessor. Till that moment, in scientists’ opinion, genetic code was quite stable, with the
exception of only one zone; the very zone, where, 25 mln years ago, doubling of sequences of DNA began to
occur suddenly and quickly. And doubling of genes often becomes the first step of emergence of in principle
new genes, which could lead to evolutional explosion.
(//www.infox.ru/science/animal/2009/10/19/evolution_boom.phtml).

Development of organic world in specific epochs, synchronously throughout the planet, didn’t occur
quietly and fluently at all, but extremely irregularly, by violent leaps. This theory has additional story, and
not long ago it was proved experimentally (Pagel, Meade, 2006).

In S. Neruchev’s (1982) opinion, uniform, global factor must exist, causing such, from the first glance,
mutually exclusive events in planetary scale, like sudden death, and again sudden emerging life of
organisms, factor, responsible for this periodically occurring reorganization of organic world.

Changes in the world of living, quite characteristic for natural environment, contaminated by uranium,
are observed in the epoch of global extinction and emergence of new species. Consequently, it’s highly
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probable that radiation factor’ could lead to devastation in organic world and at the same time, cause intense
growth of qualitatively new forms of organisms (in the same place).

In the case of impact of radioactive substances upon biocenosis, steady depletion of living natural
complexes, reorganization of structure of communities, extinction of components, particularly vulnerable
towards radioactivity, transition to dominating state in the ecosystems of species, adapting better that others,
occur. It’s experimentally proven that the reaction of biosphere to ionizing radiation can be expressed even in
extreme bioproductivity of the number of bio-gene-cenosis.

Thus, it could be assumed that radioactivity factor could lead to such devastating in organic world and,
at the same time, cause intense growth of qualitatively new forms of organisms.

From the perspective of radioactive-mutagen concept of development of organic world, it could be
concluded that in separate, in some cases, quite vast regions, old species were becoming extinct not in the
result of their ousting by more perfect ones, but, primarily, in the result of direct ionizing radiation and
radioactive contamination. And the formation of new species, apparently, is the result of mutation process.

In accordance with the “epigenetic” theory of evolution, the main source of hidden changeability is all
sorts of deviation from normal way of ontogenesis, which never occur in usual conditions, but in extreme
situation they can begin to realize (Kolchanov, Suslov, Gunbin, 2007).

African continent has exceptionally abundant resources of uranium. Calculating in U;Og, the declared
resources of uranium make ~ 900 thousand tons. The largest deposits are located in Niger, Gabon, Algeria,
Mali, Zaire, SAR, Somali, Madagascar and Mozambique (see fig. 1).

Probability of influence of these “natural reactors” on various ecosystems, often concentrated near the
habitats of hominids, deserves great attention. But the complexity of the problem is the revelation of gene
mutations, conditioned by the impact of this very factor - radiation.

On the whole, geneticists agree that little mutations, as well as macro-mutations® play important role in
evolution. It’s experimentally proven that one single mutation, touching some key structure or function, can
open new possibilities to its holder (in different organisms like bacteria and mammals). Sustainable mutant
line, in this case, obtains possibility to inhabit toxic environment, closed for vulnerable parent type. Cases of
mutation in plants, growing on uranium bearing mountains in Canada are known. High frequency of
chromosome mutations was observed in plants, grown from the seeds, found in the zone on volcano eruption
in Iceland (/http://www.talkorigins.org/origins/fags-evolution.html).

Conclusions

Absolute majority of presently known burials of hominids includes territories, covered with products
of Miocene and Pliocene-Pleistocene volcanism not only within Africa, but in China, West Europe, and,
possibly, in many places, unknown to us. Consequently, the mentioned setups — landscapes of post-volcanic
origin — could be considered as ecological niches of habitat of early representatives of primate family.

On the assumption of the above mentioned, among the causes, influencing the way of live and
behavior of first humans in various places of the world, volcanism was probably the most important, and, in
some cases, determining phenomenon, able to entail radical changes.

Post-volcanic phase of development of area is extremely favorable for the development of various
ecosystems. Specific landscape-climatic conditions, abundant food resources, fertile soils, etc. contribute to
it.

But we should have a vision of how the biosphere, and consequently the ecosystems, existing within
the area of impact of certain centers, changes. And further: how long is the impact of extremal conditions on
biosphere?

By means of monitoring in the regions of present-day volcanism, the significance of volcanic activity
in the process of formation of biosphere— product/ result of volcanic and post-volcanic processes - was
established (Manko, Sidelnikov, 1989). In particular, the processes of soil formation on young volcanic
products (ashes, lavas, scoria, etc.) greatly depend on their composition and zonal conditions; systematic
rejuvenation of volcanic soils due to volcanic ashes forms specific biocenosis — after all, influence of
volcanism is reflected upon climate, soil-hydrogeological conditions, composition of atmosphere. etc.
Impact of sedimentations of explosions of volcanoes Shiveluch (1964) and Saint-Helens (1980) upon

> Periods of surge growth of radioactivity of natural environment, which could cause global catastrophes, occurred
in the history of Earth repeatedly, in certain periodicity

SLittle mutations have weak impact, and macro-mutations can cause significant change of phenotype.
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vegetation was revealed. In this respect two moments are important: destruction and damage of vegetation
due to ashfall in the result of eruptions, on the one hand, and the process of covering of assimilation
apparatus with dust and bringing new mineral particles at the beginning of new phase of soil formation after
burial of soils by ashes on the other hand. Exceptionally interesting is the information about growth of
vegetation on ash sedimentations on volcanoes in Alaska and Aleutian Islands, Mexico, the Small Antilles
and Hawaiian Islands, Philippines, Indonesia, Japan, etc., as well as the scale of impact of lava flows upon
vegetation dynamics on the slopes on the volcanoes of the world.

The course of primary succession of plants on lavas is as follows: introduction of pioneers, initial
phase — tens of years, formation of primitive soil — duration 10 years; beginning of differentiation of
vegetation cover, with formation of thin soil cover — duration up to 1000 years.

Thus, environment-forming and stabilizing impact of volcanic fields and their participation in the
processes of species formation and florogenesis is being identified. It could also be evidenced be the fact of
very quick rehabilitation of Cracatau Island after catastrophic eruption of the same-name volcano in 1883.

But, at that, other circumstance exists as well. It’s absolutely impossible to predict (even in nowadays)
— how long the period of peace — safe life - will continue. In this very regard, various ecosystems, existing in
present conditions, are absolutely unprotected from natural cataclysms.

Going back to the past, it could be assumed that decisive moment in the further fate of homonids was
the emerged extreme conditions.

Thus, enough arguments could be found in favour of assumption that on certain phases of deve-
lopment of life on the Earth, one of the significant driving force of evolution process was extreme
phenomena, leading to sharp, sometimes catastrophic changes — disturbance of the process of equilibrium of
an organism with the environment.

In other words, according to the theory of dissipative structures, the status, when the system, existing
in highly misbalanced conditions, begins the experience the impact of fluctuation, in certain moment,
reaching the bifurcation point, it transits to a new status (new way of development).

Most probably, intellectual activity began to intensely develop in hominids, surviving by escaping
from danger, when ready, intuitive decisions for survival (as survival is one of the basic aims of any living
organism) were absent.

At certain extent, curiosity, which sometimes proves to be stronger then fear, played its role. Most
likely, this very moment was the first step towards the formation of Homo Sapiens.

Following the above mentioned, key moments in the history of formation of Homo Sapiens could be
outlined: 1 — forced transition to bipedalism in extreme conditions, causing Fear and stress; 2 — adaptation
process — ability to survive in new environment; 3 — development of intellect, necessary quality for fixation
in new environment.

The essence of all events is come to periodic disturbance of equilibrium in natural environment and
striving for establishment of new equilibrium.

The above stated, in our opinion, supports the theory, in accordance to which on certain phases of
history of our planet, the evolution of biological systems (in the widest sense of this word) had explosive,
sometimes even catastrophic nature, and, thus, eventuality and necessity mutually supplemented each other.
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Based on the analysis of minor folded structures, according to a set of rocks and nature of petro-mineralogic
data, established, that the exposures of metamorphites in the upper reaches of the river Teberda, earlier accepted for the
Dombai suite, correspond to the Gwandra suite of Buulgen series.
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The existing stratigraphic scheme of metamorphites of the Greater Caucasus crystalline core initiated
in the 50-ies of the past century predominantly by the North Caucasian geologists. These data been
summarized in the “Geology of the USSR”, volume IX (Snezhko, 1968). According to this scheme, the
lowermost part of the section comprises the crystalline schists of the Zelenchuk series, where the Buulgen
and Makera suites are distinguished. Upwards follow the Mamkhurtsi, Damkhurtsi and Lashtraki suites of
metamorphic schists of the Laba series. The Bushui suite occupies the uppermost part of the section. Almost
at the same period, M.Somin (1965, 1971) represented a new, original stratigraphic scheme of partition of
the Greater Caucasus Main Range zone metamorphites. He raised the Buulgen and Makera suites up to the
series rank and divided them respectively into Gwandra and Klich and Dombai and Arkasar suites. In the
uppermost part of the Laba series occurred a new — Ajara suite. Stratigraphic succession of metamorphic
suites was undisturbed.

It is necessary to note, that to this time the Georgian geologists did not pay enough attention to the
study of the stratigraphy of metamorphites and the emphasis was transferred mainly on their petrographic
characterization. Just, proceeding from the above, even in metamorphites of the Southern slope M.Somin
(1971) had allocated the Klich and Gwandra suites in the Buulgen series and the Ajara suite in the Laba
series. The first, among the Georgian geologists, who drew attention to the stratigraphic issues of the
Southern slope metamorphites was Sh.Javakhishvili (1971). However, in this case as well, allocation of the
Nakri and Dolri suites was based on their difference in the extent of metamorphism and not the srtatigraphy.

The situation radically changed in early 70-ies of the last century, when a new generation of geologists
under the leadership of D.Shengelia began to study metamorphites of the Main Range zone of the Greater
Caucasus. Together with the petrological questions, the integrated study of metamorphites commenced and
great attention was attracted to the stratigraphy of metamorphites and interrelation of separate units. Through
such approach, on the territory of Abkhazia and Svaneti, in the metamorphites the Vertskhlistba, Ladeval and
Sisin suites been allotted. Moreover, the accomplished researches established that some issues of the existing
stratigraphic scheme required refinement. M.Somin (1971) in the headwaters of the Kodori allocated a large
anticlinal structure (Fig. 1), which is terminated periclinally on the left slope of the river Gwandra.. In the
core of the anticline expose metamorphites of the Gwandra suite, followed by the Klich and then the Dombai
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suite (Makera series). Southern outcrop of the Klich suite been sheared of by the main thrust of the
Caucasus, but the northern outcrop is traced in the axial part of the Caucasus up to the river Psisha - left
tributary of the river Bzib. Thus, respectively, the metamorphites following northwards of the Klich suite
M.Somin regards as the Dombai suite.

In 1976, the researches carried out in the region together with I.Gamkrelidze and G.Dumbadze
established that on the watershed of Gwandra-Sakeni is really present a periclinal termination of large
anticlinal structure. At the same time, on the metamorphites of the Buulgen series are overthrusted rocks of
the complex of the Elbrus subzone infrastructure and together they make an antiform structure (Gamkrelidze,
1980).

In the West, the second order linear, normal and isoclinal folds complicate the above-mentioned
structure. Their width is not great amounting tens and rarely hundreds of meters. The Elbrus subzone
infrastructure overthrusting the Buulgen series, on the Northern slope of the Greater Caucasus Main Range
in the watershed area of the rivers Buulgen and Northern Ptysh been terminated as a synform (Fig.2). As to
the metamorphites of the Buulgen series, in the left tributaries of the river Gonachkhiri (Chatcha and
Buulgen) they entirely consist of amphibolites of the Klich suite. Only once, in the Buulgen river gorge, in
the dome of the anticlinal structure appear mica schists of the Gwandra suite. Further to the West, outcrops
of the Klich suite amphibolites are branch and expose in minor folds. In the lower- and midcourse of the
river Northern Ptysh they totally lack. Apparently, Klich amphibolites as well as the overthrust
infrastructure, overlaps the watershed of Buulgen-Ptysh and to the north is substituted by the Gwandra suite

Fig. 1 Fragment of the geological sketch map of the Main Range of the Greater Caucasus (Somin, 1971)

1— Recent glaciers and Quaternary sediments, 2 - The Lower Jurassic. Upper pre-Paleozoic metamorphic complex.
The Buulgen series: 3 — The Klich suite, 4 — The Gwandra suite. The Makera series: 5 — The Arkasar suite, 6 — The
Dombai suite, 7 — Migmatizated Dombai suite. Magmatic rocks. 8 — Middle Jurassic diabases and diabase-porphyrites,
9 — Late Hercynian binary mica and biotitic granites. Early Hercynian plagiogranitic complex. 10 — Plagiogranites, 11 —
Banded plagiogranites. 12 — Early Hercynian plagiogranite-granodiorite gneisses, 13 — transgressive arrangement, 14 —
overthrust, 15 — faults, 16 — mode of occurrence of rocks.

(Buulgen series) metamorphites (Fig. 2). This event probably been caused by uplifting of fold domes and/or
profound erosion (difference in altitudes of the watershed and the Northern Ptysh channel is 700-800m).

As already mentioned, one of the outcroping branches (as a syncline) of the Klich suite been traced
uninterruptedly in the axial part of the Main Range. Respectively, the metamorphites outcropping northwards
of the Klich suite belong to the Gwandra suite. That is also quite apparent to M.Somin; when describing the
Klich suite he marked out: “On the river Amanauz, the suite is underlain by the migmatizated quartz-biotite
schists and plagioclase paragneisses that are analogous to those in the upper part of the Gwandra suite. Upper
conformably follow the stripy, essentially feldspathic amphibolites” (Somin, 1971, p.17).
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Fig. 2 Geological sketch map of the same region with the author’s amendments
The Buulgen series: 1 — The Sisina suite. 2 — Migmatites of infrastructure of the Elbrus subzone. 3 — Biotitic and
biotite-feldspar quartz-diorites, plagiogranites. The rest of the legend see in the Figure 1.

G.Baranov and S.Korpachov (1976) while considering the metamorphites of the Elbrus subzone, note
that apparently thereis a tectonic interrelation between the infra- and supra-structures. In 1980, G. Baranov
distinguished the infrastructures as “Makera tectonic sheet” (Baranov, 1980).

In 1996, I.Gamkrelidze, D.Shengelia and G.Chichinadze dedicated a special article to this issue; in the
article in “the Makera tectonic sheet” are united all the big and minor formations of the Elbrus
suprastructure. Here is proposed, that they overthrusted the infrastructure of the Elbrus subzone from south —
from the pass subzone and belong to the parts of the Buulgen series.

Proceeding from the above, the existence of the Makera series is invalid, since their representatives
crop out in the tectonically disjointed two different structural-formational subzones. At present, M.Somin
also admits this fact and does not point to the Makera series and Arkasar suite, but allocates them as the
Gongarai (infrastructure) and Makera (suprastructure) complexes. M.Somin (2007) considers them as once
the members of an indivisible structural stage. To our mind, that is hard to imagine, as the difference in an
extent of metamorphism of rocks building these two geological bodies is great and their gradual inter-
transition or even a fragment of their median part in the Elbrus subzone is yet not fixed.

We think that the question of the Dombai suite also needs clarification, since M.Somin (2007) refers it
to the Buulgen complex (and not to series). As is known, according to the stratigraphic codex, the name of
suite should descend from its geographical location. The Dombai is situated on the Northern Slope of the
Greater Caucasus, in the Teberda river basin. The rocks outcropping in the area, treated by M.Somin as the
constituent of the Dombai suite, turned out to belong to the Gwandra suite.

In 1976, in the Sisina river gorge — left tributary of the river Gwandra, we allocated the Sisina suite. It
predominantly contains mica schists and paragneisses and conformably continues the Klich suite, thus
belonging to the Buulgen series.

According to M.Somin (1971), the Dombai suite, on one hand continues the section of Boolgen series,
and on the other hand encloses the Gwandra suite, that by mistake was equated with these series (the
Northern Slope of the Greater Caucasus). At the same time, it unites representatives of different structural-
formational subzone: the upper part of the section of Buulgen series, intensely metamorphosed rocks of
infrastructure of the Elbrus subzone. According to recent data, the Arkasar suite in the Pass subzone been
integrated with the suprastructures of the Elbrus subzone. To clear up such misapprehension, it should be
proper to exclude them from usage and distinguish the upper part of Buulgen series under the name of Sisina
suite.

One could say that the majority of scientist divides the Buulgen series (complex) into three parts.
Their succession is indisputable as well — Gwandra, Klich, Sisina (Dombai). As for the interrelation of suites
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— the opinions differ. Some scientists consider that their interrelation is normal-stratigraphic (Somin, 2008;
Chichinadze, 2008), the other part believe it to be tectonical. G.Baranov and D.Korpachov (1976) point out
to the presence of serpentinites at the boundary of Klich and Gwandra suites (in the river gorges of Klich and
Southern Ptysh), in their opinion indicative of tectonic nature of their interrelation. I.Gamkrelidze and
D.Shengelia (2005) regard metamorphites of the Klich suite as a part of ophiolitic section and in the makeup
of Buulgen metamorphic complex represented as a tectonic sheet.

Below is presented the actual material concerning the composition and interrelation of the suites of the
Buulgen series applied for defining tectonic or normal-stratigraphic position of amphibolites of the Klich
suite.

* Each stripe of the Klich suite participating in folded structures is traced uninterruptedly over tens of
kilometers and any angular disconformity between the Klich and Gwandra suites is not fixed. It has a normal
stratigraphic relation with the Sisina suite.

* Boundary between the Klich and Gwandra suites is often sharp, but sometimes there been alloted a
transitional packet with alternating thin-layered amphibolites and mica schists.

* In some cases, homogeneous packets of amphibolites of the Klich suite along strike been substituted
by apoterrigenous rocks (Somin, 1971). The suite comprises thin intercalations of quartz-biotitic,
plagioclase-quartz-biotitic, rarely quartz-biotite-muscovite bearing schists and gneisses; sometimes in the
section, they amount 10-15%. In the lower part of the suite often occur thin layers and lenses of marble.

» Amphibolites of the Klich suite according to geochemical-isotope parameters (RE content, Sr isotope
data) correspond to tholeiitic basalts of Mid-oceanic ridges N- MORB (Gurbanov et al,, 1995). It is possible
that generation of amphibilite-bearing magma took place at the expense of melt of MORB rocks
subducted in the depleted mantle as it was in case of protolite of Jalavchat gabbroid intrusive

* The Klich suite consists of lens-like bodies of serpentinites, but they also show in the Gwandra suite,
at its different levels as boudinage bodies and together with enclosing rocks, they suffered regional
metamorphism.

Thus, proceeding from the aforesaid, we believe that to ascertain nature of amphibolites of the Klich
“suite” or “tectonic sheet”, requires additional, first of all stratigraphic researches.
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Late Cenozoic volcanism of interfluve Mtkvari (Kura)-Araxi. G.Maisuradze, S.Kuioshvili. Ministry of
Education and Science of Georgia, LEPL Alexandre Janelidze Institute of Geology, 1/9 M. Alexidze st., 0171 Tbilisi,
Georgia. E-mail: geonlist @ geolinst.ge

The work provides information about stratigraphic succession character of natural development of Late Cenozoic
effusive volcanism in the area Mtkvari-Arax interfluve, pulsation activity, cyclic and scaling this occurrence. On the
basis of these investigations and their subsequent development underlie the classical scientific works of the professors
G.M. Zaridze and N.F.Tatrishvili (1944, 1944*, 1949).

Iloznnexaiino3oiickuii  ByakanusMm Mexaypeubss MrkBapn (Kypa) m  Apakca. C.Kynomsuniu,
I''Mancypanze. MunucrepctBo npocsemenuss u Hayku I'pyzun. FOJIOII UuctutyT reonorun um. A. J[xaHenunse,
Tounucu 0171, yn. M. Anekcunze 1/9. E-mail: geolinst@geolinst.ge

B pabore paccmarpuBaioTCs B CTpaTHrpaMuecKOil IOCIIEAOBATENIbHOCTH XapaKTep pa3BUTHUS I103JIHEKai-
HO30icKOro 3pQy3uBHOr0 ByJIKaHM3Ma Ha TEPPUTOPHU Mexnypeubs Kypsl u Apaxca, myabCalliOHHAs aKTUBHOCTD,
LIUKJIMYHOCTh U MAacIITaOHOCTh ATUX SIBJICHUH. B OCHOBE 3THX HCCIENOBaHMM U MX JalbHEHINETr0 pa3BUTHS JIEekKat
Hay4HBIE TPY/ABI U3BECTHBIX yueHbIX-reonoros .M. 3apuaze u H.®.Tarpumsumm (1944, 1944*, 1949).

Abridged English Version

The studied region covers the adjacent areas of the Eastern Turkey, West Armenia and South Georgia.
The region occupies the central segment of the Alpine-Mediterranean-Himalayan belt and its geodynamic
evolution is largely conditioned by its position between the convergent Arabian and Eurasian plates. The
formation of the present-day relief and structure of the region started from Late Miocene on, when the study
territory became a dry land where intensive subaerial volcanism continued up to Holocene time. During this
time that covers the last 8 m.y. large volumes of volcanic rocks (of total thickness more than 2 km)
accumulated. This subaerial volcanism (sometimes termed as “orogenic or post-collision volcanism”) had an
intermittent character, and periods of intensive volcanic activity gave place to periods of decreasing or even
total ceasing of volcanism, when predominantly sedimentary sequences (mainly lacustrine and alluvium)
were deposited.

Geomorphologically, the region represents a complex combination of tectonical-volcanogenic morpho-
structures of various genesis and evolution. Among these morphostructures are: large shield-shaped volcanic
ridges (Arsian, Samsar, Kechut, Gukasian,etc.) with volcanoes in the axial zones; erosionally and tecto-
nically isolated volcanic highlands (Erusheti, Nialiskuri, Cildir, Ulgar, lagludja, etc.) with numerous volcanic
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cones and extrusive domes (Tlili, Gumbati, Aladag, Subhan, Grmani etc.), medium-high lava plateaus
(Akhalkalaki, Kars, Lori, etc.). Characteristic feature of the region are numerous intermountain depressions
and basin now represented by lakes and half-dried marshes (Cildir, Taparavani, Aktas, Khandjaly,, Ardahan
etc.) The region is distinguished by very high topography — the greater part is more than 2000 m above sea
level, and only lava plateaus lie at the altitude range of 1700-2000 m.

The subaerial orogenic volcanism of the region can be subdivided into several cycles or phases whose
detailed dating and correlation remained, until recently, controversial and questionable. New radiometric and
paleomagnetic data together with field observations allowed solving some of these problems. On the basis
of the ese investigations and their subsequent development are classical scientific works of the professors
G.Zaridze and N.Tatrishvili (1944; 1944*; 1949).

The earliest phase of orogenic volcanism in the region occurred in Late Miocene and was related to the
manifestation of the Attic tectogenesis. This phase was dominated by explosive volcanic activity of both
aerial and fissure type as a result of which very thick sequences (more than 1 km.) of predominantly
pyroclastic rocks — tuff, tuff-breccia, tuff-conglomerate — were deposited. By their chemistry they are
represented by moderately acidic rocks — dacite, andesite-dacite, rhyolite-dacite, belonging to calc-alkaline
series. In some places in Armenia and Anatolia, the lower part of this volcanogenic unit often contains
intercalations of normal sedimentary sandy-clayey and gypsiferous-saliferous rocks with fresh-water fossil
fauna and plant remnants that date the enclosing rocks as Mio-Pliocene. Radiological dating of these rocks
yields ages between 7,0-5,0 Ma. Locally the lower part of pyroclastic rocks contains beds of diatomites,
often of economic importance.

Typical geological section of these volcano-sedimentary sequences, distinguished in Georgia as the
Goderdzi suite, in Armenia — as Vokhchaberd suite, and in N.E.Anatolia as Bingol suite from bottom to top
is as follows:

1. Alternation of various tuffs and tuff-conglomerates. At the bottom locally are observed andesite-
basalt and basalt lava flows.

2. Alternation of very coarse tuff-breccias, tuff-conglomerates and tuffs, and locally diatomites.

3. Andesite-dacitic and dacitic lavas.

The Bingol suite volcanites and its analogs in Georgia and Armenia everywhere overlie with
angular unconformity older rocks from Paleozoic granites to shallow-water and lagunal sediments of Middle
Miocene. They fill the ruggedness of paleorelief for which reason their thickness varies in wide ranges —
from 200-300 m to 1 km

The next phase is represented by extrusion, mainly along tectonic fissures, of very viscous lavas that
form volcanic cones and domes of more than 1 km of relative height. By their chemistry, these lavas are
entirely similar to those of the underlying pyroclasts. Examples of these volcanoes are Abul, Samsar, Korogli
in Georgia, Kisir and Allahukber in NE Anatolia, Aragats in Armenia. According to the latest isotopic
dating, the age of these volcanics is between 7 and 4.5 Ma. That corresponds to the latest Late Miocene and
Early Pliocene time.

Thus, the age of the moderately-acidic volcanogenic sequences of the Bingol, Goderdzi, Vokhchaberd
suits and their analogs, along with overlying extrusive lava complexes, according to the combination of
paleontological, radiologocal and paleomagnetic data, must be, most likely, regarded as Late Miocene —
Early Pliocene, embracing Sarmatian, Meotian and Pontian stages.

The Middle Pliocene time was a period of quiescence of volcanic activity. On the background of slight
tectonic uplift, the region experienced a considerable erosional cutting and denudation of the previously-
formed volcanogenic -accumulative relief.

The next cycle of volcanic activity that embraces Late Pliocene — Early Pleistocene (Eopleistocene)
is characterized by very strong outpouring of basic lavas that formed large basaltic plateaus — Akhalkalaki,
Lori, Kars and others. The centers of this volcanism were tectonic fissures and shield- and strato-volcanoes
that produced undifferentiated mafic lavas — basalts, dolerites, andesite-dolerite. Pyroclastic rocks are in
subordinate amount; instead, the lava flows, whose total thickness attains 300 m and more, are intercalated
with sandy-clayey-conglomerate lacustrine and alluvial beds and lenses that formed in temporal lakes and
dammed reservoirs during the periods of volcanic quiescence.

The lacustrine-fluvial sediments in the Caucasus contain in abundance mammals fossil remains. These
fossils are well correlated with fauna remnants from Villafranchian of Western Europe and are similar to
fossils from ITukori-Sugutoniu of Anatolia. Of particular interest is the site of Patara Dmanisi in South
Georgia (the Mashavera river basin) where the lacustrine-proluvial sediments contain, along with ancient
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stone implements (artefacts), fossils of mammals and bones (jaws and skulls) of ancient hominides Homo
erectus whose age is determined at 1,7 Ma.

On the grounds of faunal determinations, containing in the lacustrine deposits, and radiologocal dating
(K/Ar and Ar-Ar methods) supplemented by paleomagnetic studies, the lower boundary of this cycle is
defined at 3.5 m.y. i.e. the bottom of the Akchagilian stage (Upper Pliocene). The upper age bound is limited
at 1.0-0.8 m.y., that does not exceed the limits of Eopleistocene ( the Apsheronian stage by the Caspian
stratigraphic scale). Paleomagnetically , this cycle corresponds to the normal polarity Gauss and reversed
polarity Matuyama magnetic epochs.

The Early Pleistocene time was a period of somewhat decreasing in volcanic activity in the region.
Only some largest central volcanoes, such as Buyuk Agri (Ararat) and Aragats, outpoured lavas of
intermediate and acidic composition, and on the Vardenis and Sunik high plateaus there were eruption of
andesite-basaltic lavas which filled older river valleys and gorges. On the greater part of the South
Caucasus, this time was characterized by subsiding of some fault-bounded depressions (Shiraki, Arazi, Lori,
Marneuli) in which accumulation of thick (up to 400 m) lacustrine-alluvial sediments took place.

In the Middle Pleistocene, resumed intensive eruptions of andesite-dacite and dacite lavas, tuff-lavas
and ignimbrites from the Aragats Volcano, andesite-basalts from Agri and in the Gegam, Vardenis, Sunic
and Javakheti highlands. Basaltic flows filled the valleys of the rivers Mtkvari (Kura), Masrik, Jermuk and
others, armoring river terraces.

In the Late Pleistocene, on the background of the block-faulted uplift of the region, volcanic activity
was still continuing. On the northern periphery of the Samsar ridge at that time were formed central
volcanoes Tavkvetili and Shavnabada; on the northern slope of the Trialeti range the volcano Mukhera
outpoured lavas of andesitic composition which descend to the Mtkvari river valley ( the Bordjomi gorge)
where they armoured 20-25 m high Upper Pleistocene terrace.

On the Javakheti ridge to this age are attributed andesite, andesite-dacite and dacite lavas, which take
part in the construction of some central polygenous volcanoes — Emlikli, Chomcha, etc.

In the Armenian part of the highland, the Late Pleistocene volcanism was most intensive than in
Georgia. Powerful eruptions of ash, tuff and tuff-lava of Artic type took place on the Aragatz volcanic
massif. At the some time emerged volcanoes Golgat, Mantash and some others that produced intensive
andesite-basaltic lavas. Most likely that to Late Pleistocene is attributed the activity of some parasitic centers
on the Ararat massif.

In the Holocene time volcanic activity in the region considerably decreased and practically ceased at
recent time. However there are strong evidence that some largest volcanoes of Eastern Anatolia, such as
Nemrut, Suphan, Tendurek, Agridag (Ararat); were still active during the Holocene and even in historical
time. The last volcanic eruption was recorded in 1441 on the Nemrut volcano and in 1840 on Agridagi was
observed the explosion of gases and pyroclastic material related to the great earthquake.

930060 Imo3ogl Fobssbool gyanoby®o Jmolibgmol s@dmbsagemgom bofoals, Gmdgemoc
doOBmyOogogmse Fomdmspygbl godolgddo LEOYJB YOm0 Jgwogdol, bgabgdol, I@Msogsen-
Hoabmgsbo (396G Mo 3meoygbyg®o gy 3obygdo 3mbylgdol ©s 9L Yboygmo aydde-
0gd0l, sa®gmgg Lodgoemdmosbo @sgy@do 3ans@mgdol s dJmemsdys Jgodyagdols gBmem-
danomdsl. Bg@o@m@ost ©Mgbo®gosl 9Fggl Bpobsdg I@ 3500 o dobo dodxggbs dgdwo-
bomg o®slo. g9m@gd@mbogyde BgBodmmos dgools sendyndo mGmygbgeo Lod@yeols dg-
3o 9benmdsTdo s Y3505 goggolios-3z0Mg sbool bgadgb@ol 396@Gsmy@o boFogmo. gl ¢ 30-
boligbgamo dmozogl dbbgoen gmEgdd™Mbogy® gomgyml — sOmgob-dmembolol bdga@lL  ©s
@emJo-go@sdobols bembsls (lamkpenuase, 2000).

90980l mebodgo®mmgg boggmgdol Hedmysmodgds ©sofym bygm@gl@mbogagdo g@s3o-
56 (Lo®3oGPeosb), Gm@Es swdsgomo 9J@mbogy®o ImdMomdgdols @mbby oJ@oydogds
bgdog@omado gy gobobdo, OmIgandsz dmoEgs  goggobool s Fobs sbool dmosbgmols
9bo@dsbodo Logd399d0. Gga0mbo 3 ds@mgmdls G@sblgoggaboyg®o sbgggdols bemado, @mdg-
o3 303IEgds bRsghmdmmol g@sbodmopymo dsboggdowsb (hOwogm jogiolos), jogge-
Lombol (396@®sey@o Lgadgh@ol aogemom, dodymols doliogby, xogobgmols gy goby®d dmos-
bgoby, sMopsE-os@exols (ygdJgmo) doboggdbg mgomn s@s@e@edwy. (Munanockuii, Kopo-
HOBCKHH, 1973).

143



39mIMOFMEEYogho  Mgyombo  Fo®dmwagboaos:  3gMopombagry®o  dJods@m e gdols
LA YJB O PE-g9e0 3obmagbydo  Jgogdom (s@Losbol, Lodls®ol, xogobgmol, aggobosbol @s
Lbgo); Bg9dBmbogom s gamboom godmdsbsigdymo gy 3oby®o dmosbgmgdom (g@gdgmols,
bosgnolyn@ols, hogrodol, ganas®ol, osgenygxsls), domby gobmoglgdyamo dBsgsendoibmgsbo
3530m s dgbm@gmoggol 3Jmbg gumobygdo gmbylgdom s gJbB®Yboymo agddomgdom
(mgoogo, a1ddsmo, saospo, Logdbsbo, m®dsbo, goboldms wo Ubg.); Lsdygsgmdmosbo @o-
3900 3@odmgoom  (sbogrJoemsdol, go@lol, @m@ol s Ubg) o bgabgoobsmgol ©sdo-
bobosmgdgero dmomsdys Jgodgegdom, 9dg@gl dgdmbgggzedo Gdgdom ©s Iomdgdom s go-
39090 (hogno®ol, Godoghbol, 3o@fsbol, bobyxsaol, ggaol, s®womsbols s Ubg.).

930060l 2gm@ma0n@® 5pg09a@gdsdo ©MdoboMgdgb gg305b350bmbmy@o gy 3obmagby®
-3mb®0bgbG o FomdmbsJdbgdo. wmgolbomgol wopagbogos m@o dlbgoeo Gogmo gy joby-
M0 5JBogmdobs, GmIamgdox xgO gowgy 1944 (geol, @3> sbognobols Logydgganby docgg-
o a5dmym a.boModgd (3apunse, 1944, 1944%). 9l Ygbgrogergds Imyg0569600 slod Yo oy
0dbs @. do@ysdgogols (1971), b. LbodEasdol (1958), o. slgnsbosbols (1958) s Lbg. dog@.

>Mgog®o  balosmols 3oMgger 35@mJLobdl saomo JJmbps domzgbols dmenmbs ©s
3eom39b0l sloFyoldo (LoMBo@o-8gm@Bolo-3mb@do). gy 3obgdol 8mJdggdsl o3mbd®mengd-
©bgb  3og35Lools  JodoBmyagdol  Lydasbgoygdo s  IgMoombogygdo  GASbLbmbsg o
Lboe®dygao Geggggdo (Larapenn, 1966). os@bosbol, Lsdbomol o xogobgmol Joogdol obgdyg-
50l mobbggo®omo ods@myyagdol M®ggg9dds s IBogom@oiEbmgsbds, Lbgswslbgs dodom-
0 gdol bod®oammgabds @oboybd@oy®ds LE®YJHYMgdds dmag39l gymegobmagby®o gme-
dogos  Mmdgamoi  @odg®gdgasdo  3bmdogos  amEg@dol  (gmbbsdg@oli-limdbgmdo, dob-
39200l—090Jg0do) Fygdol LabgerFmogdoon.

dom-3gom3gboli 989boy®ds gy 3560bdds Jmoizgs Ybo@oboGo FgBoBMA0gdo sdo@s-
@05 gm0l bomds LolGgdol Lodbdgmom s@Lgdgen bmbsgnyg@o Low@dymo GEgggosb go-
bol @dol gobgrodrg. domo gogdhEgegdol s®go@@o dgomebgb: s@Losbol, Lodls@ol s
xogobgmol  Jgegdo, goydgmol s s@dmbsgmgm  sbo@meools Jmosbgmgdo, . s@sJlols,
963300 s guAsGol 59bgdols bys s Fgo Fgmo, sOEs@sbol, ysdlol s shogdsgsols
3eno@mgdo, ageol, @odogbol, Fogngol  Jgodygagdo, s@ogo3ol ©s o@s@s@ol  doboggdols

Qdg-boagd0. gy 3obmygby®o  gm®dsizos  Foddmwagbognos Lodysam s Igogg dgoagbo-

@emool ARmd®gihogdom, Gungdom, BURMIMbymmdgas@dgdom, dows Pm@IsEoygmo obwg-
Do geo @oggdom. Lmdbgmobs s my@Jgmols dogee @op Goombgddo o3 bogngdgdl ¢ydgdo

9930 bo@dyge-osbsamgdo  J30Tosb-mobosbo b msdsTBodmol dgdggero bogngdgdo 3@ gbsdo
Tyemol gogboom. o3 bogngdgdol sbogo bgws domzgbo — Jggos 3amomigbos (Lo®8s@o-dgm-
BoLo-3mbF0). swomemaoy®o sbsgo 5-7 danb. (gmos, mydzs sMss godmeocbyao domo
m®0-bsdo  dognombo Fanoo odggangds (Acnansan u ap.1982; Baikal et al., 1961). 9. sobogan-
06dogol bgmdsdo, Lmg. g@a0g3ol @oombdo dgogg Gomemomyd Guepgddo bsbyer obs
Hipparion gracite-li s go®ogols dsggodms gboangdo, @mdgerms d9d3gmdomn Gyagdl sms@o-
©g09b 30bG Yo slogol Fo®dmbsddbgdo. sbogrmaon@o Foddmwagbols s@0sb 3semgmdm@s-
bogmbgdoz Gmdgmgdo ©osdMmBod o Gem@ol, dodsowdfgeby di9bs®ggdols dogdem s dog-
M gobomogdol dglfogmol bogydgganbyg amwgddol yogan@gbomosb, Jolsmodol wos@m-
do@dol  Lodoswmsb, Tdodsdol  Jgool @opboBol dMggdowsb (bLmdbgmo) s Lbgs osopoen-
bo3mggdegdowsb ool y®gdgh amwgmdol Fygdol gy 3obodgdol dom-3gmomEgby®d  obsgl
(V3nanse, 1965). g0 joanmdgd@bg dg@o Loddgsgdols guyboygdo dobogols ogydyasosd
30dm0{ 308 563 035345L0mbols InORMLEGYIH YOI Jgogdol ,s3mblgMmggds” s Mgamogayols
0b39@ oo,

30gedols  (gmbhodg®eol, dobygarol) Fygdol @ommamaon®  d@oedo  asdmoygmegs
dodomos Lodo ddansgdo ggbs (Jggz000b6 bggom):

L. glodod o B9ngdol, jOobEemmyesbR®o seg3®odge-39eo@d Yo G§uaugool ©s
30bamIgio@gdol Jm@oggmds. bmy saomsl bogrgdgdols gydgdo goJbodwgds
o5bgbodsbog@y@o o doboem@ydo maggdol obayggbgdo.

2. dlbgoarbo@gbmgobo Gyamd@gdhogdols, Buamyzmbymmmdg@s@gdol s Byagdol  dm@oyg-
065, Josxm@dszoymo sbegbo@dydo gobeygbgdom.

3. obpgbosod Yo s o0 YHo weggdo.

o538 o0l bmgo aodmbsgamolio gy obmagby®o boengdgdol s3ydgmscoygdo 304
@oli mob5d0dggamdsdo. Jmger @oy Lobgmobyd o6 gomboye ©g3dglogddo, gy jobydo

144



>JB0gmdol IgbglBgoolol gomodwydmwbgb Bdoygdo 59bgdo, Lowsi omglgdmos mobosb-o-
>®™3oBosbo, gy soby®o ggOgw@ol bogngdgdo (JoLomodo, Lobosbo s Ubgs). (3bmdognos,
OmI ©ooH™MIoBgoo 3969 HoE s 353doMgdyambo oMosb gogdofom dwowsd gogg gy Jo-
bodgdol gog@gengool swyomgdmsb (bambsan, 1969).

3mMEgAadol Fygdol gyensob0dgdo o domo sbogmagdo Lmdbgnls ©s mydJgndo
Yoobbdme  gobenoggdymbo  oM0sb  goblbgeggoymo  sbisgol  bogrgdgdby —  3sgmgmbemydo
bogngdgdoseb Vgo BomEgbydo begoy®o s @ogbydo bagngdgdol hsmgenom. dom-3enom-
(3960 30Ol y®o bogrgdgdo s3lgogh 3o gm@gmoggol  gLTm@dsbTm@mdsls — ©@ds
90mboya bgmdgdl s ©gbypodgdyge bgabgdl. sdol aodm bsargdgdols Loddasogdy dgdyg-
®dls 300-400 9-s6 1000-1200 3-cog.

300390 g9 3obydo  ogeo  dmogMwgds  Igogg obpgboszod Yo s ©sE0EYMO
@s39%0L  sdmbobggom  bgosdomby. olbobo do@omswsw 3Jdbosh  gJlE@Ygboyge  yuddsmygdls,
09330 domo ggdosb, 3Modogymo Lodsmeol Jom{ggolsl, aodmmg@ommo densb@o @aggdols
9O009a0 99009600 FoMmdmodbgds @ogy@o bogomgdo, GmImgdoi Gowosydow §dggdosh
s Yoobbdme BoMoggh [ggdol 30Mmgasli@y® boggdgdl.

Is saromigbdo gobodbgds gy 3ob9@o sdBogmdols gl gods. Bgddmbogy®o dmddes-
06950l Bmbbg d0dobs@gmdl gmeg@dol Fygdols gy gobo@gdol dogd dgddbogoo o 3ydymos-
30900 (0bggdlLoyao) Ggamogxnol 0b@gblboy®o gHmboygemo ©sbsfggigds s gbysios. o3
30m3gLdo oo AmEo  00635Ts 3o gmdPgAols s s gmadsJlol Jodma®sgoyands
Jlgends.
bows Jgromgbo. 3gmeyg dgsgdo (304e00 gy 3oby®o 3o@mJLobdols Ggaombdo woof-

C

4o bgws 3gromzgbdo s Imoigs doeosbow dgmmbgygero doMomeo. gy gobgdols sJGogmost

530b63MmMagdebgb gggems dobsdwg s@OLgdbymo Lom®dgemo G®ggg9d0 s shogro bad@sgnm-
3560 39M9d0. yggmongio ©sofym gydg @oggdol sdmmgdom, G®IgmmnsE dgs ©s byos
30 golBm3gbdo dgoigoms Lodgomm ©s dgogg dgoagbogmdol maggdo. gohbobgb sbogno
(395®H>@ M0 3mmoagbgdo gy jobgdo.

330563506mbmg@o gy 3obobdol Fgmeyg Gogerdo, GmIgamoi obggg SoMggmsm  godm-
gogoen obs . bo@odol dog@ (1944%), hggb aodmgymdm gsbig@mdmgdge  Jg9G04e0g0L — gm-
30 9ol mi3gbo  (6ggAmbyeo Lodmygmo gol3ogdo bjgdom), Jggos, g s bgos 3eng-
obBmigbo. ghmo Jgbgogom momol gl Gogegdo byammgby@ew s@ols godmymaomo, dop@sd
0gomgyeno  domasbol Fo@dmbgbsl Lagydganse 9og3l Ggaombdo Im3mggdymo 3sgngmb@m-
@Q0YM0, 5@ gmdogbodydo, 3s@gmdm@eboiy®o (3s@obmemyoy®o), Gsomamyoy®o, wo-
0MBSG0S@YA0, SOJgmmmaoy@o  dslboggbol sbognobo (Famxpenunze 1949, 1954; Anamusa u
np.1965; Bekya A., 1959,1987; TI'aOynusi, byaunnze, 1970; Maucypanze, Kynomsunu, 1999; Maucy-
pamze,1981; Bekya JI. U nmp. 1982; Cxuptianze, 1958; Tyroepunse, 2004; Gogichaishvili et al. 1997,
Maisuradze et al. 1989; Ferring et al. 1996).

39 3569 (303090l mdol godmdbgymos by dgomigbyg®o (sebhspomygdo) — go-
30 9olA™ME969®0  (08dgHmbyao) 0d3ygebo slgmdMogo ©osdsbmbom 3.5-0.8 Jenb.§geno. o3
J39G60320mob ©s303F0Mgogmos Bydg Fgagbogmdol sMoEoygMgbzoMgdygmo dspdols ddansg-
@0 29m80 393900 (d5bogEgdo, M@ gM0EJd0, 5bEgbodsboeEgo0); Yo 0dwgdosh gM(3g800
537900 3Eo@dmgdo (godbol, sbogJosasdol, @m@ol, ©dsboliol) gomboygmo ©s ©gbywodyg-
b0 ds@gm@gmogyol boggaodmgdol bodx by Bbgdosh Ilbgogmo LE@sEMgym gobgdo —
2053530, oGS0 g0, Loydbobo, bgddywo s Lbgsbo. gy 3sbobdl sOgsgny@o  boliosmo
dJmbs. 0337lgdl dn@ol dgliggbgdols 3g@momwgddo 3md3gblooy® Jgsdymgdls ©s w©gddyg-
Logd o, m@og9000m aoEsbyBaom JobsGgge ggmgddy (Ggmogeols Ho®ymaomn Gm®Igddo)
hbgdosh Bdog®o sybgdo Lowsi ogdgdmws mobgdo, os@mdodgdo, gy sebydo Jgods s
30°3920(g50-

dago®o©, bgos 3emomizgbls s gm3mgolRmGgbdo Id@ogdmdl dobom@yg®o Gm@ds-
(305, @5390L Jn@ol sdo@byeno  Fdo@-3MmeEygzoy®o bogngdgdom, @oGgBo@dy®sdo (3bm-
dogros Amam@3 shognds@sdols ygds (Lododmggem), am@olol, Lolbosbol ob Ls®ogsobols
F990s (bmdbgmo). 0@ Jgmndo @oggdo dmbsfomgmdgh godlol bgasb-gogol  oy9d9egdsTo,
odgbo hggb dom J0MMdomsw goghmosbgdm godlols Fygdodo. ogy®o bogopgdol Lag@mm
Loddgnogmg 30-sb 800 dg@@sdwgs, bom maggdldmdmolo Booyg®o bogng]gdols 35-40 dg@@o.
shognds@sdols Fggool @sgydo gm®ds@ool sbsgo  ©owygboeos Goomemaoyg®o gmmoom

145



> 3500090l 3.7-ob 0.8 Feb.Fergdl dm@ol (Maucypanze u ap., 1980; Camps et al.1996; Mai-
suradze et al., 1989).

4bs 500bodbml, AmI sbhogndoasdols (Fogogs-sboandsmosdol) Fygool s Log@mme dg-
mobygeo  @sggdol LEMsGoaMsgogm ©obo§gg@mgdsl Lbogydggeo bogyeds a.bododol o
6.005m@H0dg0em0l (1948) s@dmhgbod Fom ol Jgodumdo (dgogbol Jgwo), Loswoi @oggdl dm-
Aol gy Goog® bogngdgddo bsdmgbo 0dbs s@Joyeo L3ogmbs s LEgbmbol (3bgbols
3oo@ 60, GMImgdoi 3. d@dbsg-56@Msdmgobols dobgwgomn d0g3703bgdosh gogog@sbyye (o¢3-
YgBmbyan) Lodmyanl. dgdogmdds jgargggdds (Bexya u ap. 1985; I'abynua, byaunnze, 1970; I'aby-
Hua, Bekya, 1993; Schmincke, Bogard, 1995) ggofiggbs, ®m3 390960l d@ogndo, oaolgsdo, 3s@o-
Mo 3sbol'do IgbFogamoao goybs 3odo@lom sbegnmbss ggdm3ol gosg@sbyger ©s obo-
BME05d0 (09AJg00) Ebmdogn 0m3yMo-Logaond®mbol Boybgdmseb. asblsgmdgdymo 0bdg-
Agbol @odbos 3s@ods dsbolol swaoelsdmgbgemo d.dsToggmols bgmdsdo, Loswai Gdoym-
3OmeEg09@  bogngdgddo s@Joymo, m@yggsols Bodol Jgodasmgdol yg9@om  s@dmbgbogn
0dbs  gm3@golmEgbobsmgol  ©sdsbslosmgdgeno  dydydfmgets  3bmggams  dpop@glo
dgenmgobo dolisgns o Mo dmegodos 9dggenglbo 3mBobowydol, 3MgolEm@oygmo swsdosbols
Homo ergaster-ols o> Homo geogicus-ols magols Jogos. dmbsdmgmols slisgo 1.7-1.8 danb. §genos.

sbognmaoy®o  mobododyggdmbom  Jodobomgmol  bgws  3momEgb-3ggol@mzgby®o
39 356900L oJBogmds bLmdbgmbs s smdmbsgangm sbos@meools Mga0mbgddo. o3  3gdomwdo
©50{g4m meg@o@ygmo s o5bpgbodsbog@y®o @oggdols sdmwgds s@oas3ol s 0dbsblo-
Aol doboggdby, xogobgmol Jgobyg, s@sMsGby s Lbgs. yggms dgdmbgggsdo dsboam@ydo
83980 390byo 90sbbdmgdomn Gomoggbh gmegddol Fygool Guunmygbyd  gym3obo@dgdl.
oM53030L @nseggdo dodgangdosh d.obydosbol bymdsdo.

>@30@obol  Fysenloogomsb Lsdb@gmol dods@mgengdom  dp.obydosbols goymengdom,
83980 gOEgEEgo0sb dodsdol Jgodyeol dods@m g gdom (3oyddol @sombo) ws 0doMgdosh
shognasb@ws Gdoy@-saegoy@oboggdgool J39d. wslogegmol dods@mnyagdom
@s3980 gAOTY3056 go@dlols 3ao@ml dobog@yd a0bggbgdl. sbognmgoy®o Lyg®omo a35J3L
205M5@0l  dobogbyg (spMo-oyo, 5165 3). gyeogebol  ggodwgdomo  Lodswang  goydosb
0nomddols 4300 dgB@os.  bpgboszody®o Vgoygboemdol GYnmagby® Logydggal Aol
903 9dol aoblbgoggdygemo sbogol sbpgbodsbo@mBumo ©s dobsgn@y®o wmoggdo. goygme of
dmbofomgmdgh bgws 3emom396-gm3e golBm3gby®o waeggdoi (yodlo-sbogndsmsdols §gyqos)
gl 53900 BoM5396 s@ASBOL s do05bgmol Jgod g gddo  s@OLgdyee  Fooyd-seng07®
bogngdgob.

205M53 0L gBobpombymo gy obygdo ologol RgBEMd o0 Gowosgry@s  ©sbsfgs-
goy@os IOsgomo bgmdgdoms s bMsdgdom. dom dmdol ysdmodhggs @®@ds gOmboymo bg-
Mmos >3m0, AmIgeoi d339mb dsbogol hOogMm-s@dmbagmgon gommsl. d3ganggscdgdo dooh-
69396, ™3 bgmds BgdB™bosg@-g@mbogeo Fomdmdmdobss, @mdgol Jodo@mnymgdsiE mob-
bgogds s@dmbsgmgm sbos@meools Lo@@dya Gogggol. RoJOmdgh, @M sgmmol bgmds (om-
dmodgs ddgnog®o Jofoldg@ol @@ml 1840 Fyaol (y.000b0,1873) mydEs sbggg @Lydmol
obGodogao dJnbsi3gdgdo Jmglgl bo@gbsiols (banean,1969), Gmdgaoi Joygmongdl  go@sb-
APy dofoldgdsby s@Ho@s@dbg, @Omdmols @AMy gohbps s3m@ol bymds. gl dmbs
bggbo Fommswmoibgom 139 Fgaol. bgmds Fomdmowagbl 69bgodog @ozedgdl w@gemzm-
0 bogomgdol BMobldm®@omgdolomgol.

1840 Faools 20 ogbolol doFoldg@med oMoMos@by aodmofgos Lodobgmo badggs. gobow-
390 Joasdo sgm@o, oo boGomo bobgl Joemegdds: bobobggebds, 35373, m@©Ydowds,
09300bds s bbggdds. dggM0 dgganggzedo RoJHmdl, GmI dofoldgds godmfggymo oym os@o-
@odbg gy obols s3mx®Jzggom. dsa@ed gbomdsbodo Jargbgeggdo, wgsMEmAYeo bgoby-
1960, aodmboegol Jmbyglgdo aomskgoomo szm@ol bgmdols sdpgdgeno Jobgdol bs@gbo dobe-
@om, Ybos doymomgdegl of sAOLgdymo Low®dymo Gggzol godmEmabmgdsby, @odss
3odmofgos ddgnsg@o dofolidgde.

2M5M530L  ggHmogdbg, 3000-4500 IgB@ol doglmdgd@moyge LEFygedo goJlo®wgds
209706000 35MsboG Yo gy obo, GmImgdoi odarggosh 3ydo Rgg@ol dobogrGy® @oo-
390L. obobo dgobgo®yyemo gbgdoli Blgoglis Gowosey®oe 99390056 gy obol Jommgdby,
20§ 9396 @ d0oldo®gdl s Jgodymgdl.

Jag@s  JagolbBocgbo — g 3sby®o  5JBogmds  mobsmsbmbdom  LylBogds.  Sbogn-
3obOes {9d@mboggmo dmd@Momdgdols @mbby (gogoby®o MmOMAPSDs) Jodobs®gmdls dmsme-

146



dgo Jgodgergdol — JodsJol (. sbyg@osbol oygbo), sHo@s@ol, @m@ol, do®bgyeols ©sdo®-
go. 83 dmd@omdgddo Lbom@gym™ 0dbs obognJoensdol Fygdol ws dolbo sbsgnmpo Fygdgool
@ag®o  aobaggbgdo. gl ggoboligbgangdo  omdmhbpbgb 400 s dg@o Loddansg@ol  @dowe-
SE9Y309M0 S 3OMEY309@0 boagdgdol Jg99 ,,edo@byambo® (Leperemu, 1966; Casnsn, 1977).

0Mo3530L s sMoMs@ol gy 3oby®d dologgdbyg o3 3g@omel gdmbgggs Lodygoemm s
dgog9 dgagboemmdols @oggdols sdmmg@s, bmam godgbolol ws Loybozol dmosbgmgddo —
obgbodsbog@y@o @seggdols, MmImgdoi o3lgdgb 3o gmbgmdgdl.

Jgo-0@gobhocgbdo  33aey pobobaes obegborsGoH Ao ©s ©@sGIHYO  HgBmEe-
3900l s 0bg035M0F o0l SIMBMJ393900 SMsa53bY, b bodsbs@E Y@ @oggdols sOSMSE-
by, 29a5d0l, goMEybolol s Loybojol Jmosbgmgddo. dobom@ydo @ogy®o bogogdo hog-
00693056 3@ 3300L bgmdodo (396GM0 bgdmgolol Gobols 3gomEbamdgyo) s xogdboggb Jggros
©s Igo 3egolbBmEgby® dwobsdgym  Bg@sligdl (Abux, 1902; Maucypanse, 1981; Jlxuraypu,
1991). sbognmaoy®o aoggdo de.de. dobdogols s xg®dyggol bgmdgddo sbggg Gmgmeny® @g-
5Lgdbyg oM05b Aobarsygdyanbo s o5gbgdgh dsagm bgmdgdl.

baws  JemgobBmecgbdo gy gobydo  oJBogmds g@dgmpgds. Ladlbo®ol Jgool hHwogrm
39M0939@0a0 bofomPo aohbobgb 396@®omydo gy obgdo megiggmoms (25853) o Yogbo-
bdos (29293), o@osggmol Jgol hOwoamm ggdmEmdby, msbsdgou®mgg bds3g®osbol  Gg@o-
B™®05bg, Igbg@sl gy 3obydo (396HG0Esb 0@gMgds sbybodydo @ogs, GMIgeoi ms3d39
993905 3dg3g0ol bgmdsdo s J Sm@xmImeb xogdbogl 20-25 Ig@@ol Lodomerols bgoo-
30 golBmE9by® IB33dol 3mgmmye Bg@slbsl. xogobgmol Jgobg obpgbody, sbpgbowes-
3OO @og9dl 0dgnggosb 3m@oagbydo gy gsbgdo gdanogano (30543), wogrols dms (29149)
> Lbggdo. 3o 590000569396 39h 7m0l Fygdol LobganFmegdols Jg99 (Xapasan, 1966; [3onenun-
3e 1 ap. 1975). Lmdbgomols Ggdogm@osby bgos 3agob@mEgbydo gyegobobdo dgos®gdom
den0g®o 0gm. gy 3ebydo ggagaol, Gyggdol s s@Fogzol Fodol Fynmasggdol sdnege-
J3935L saoo dJmbps s@opsi3byg (40903). 53 @AMolLomgol odsbslosmgdgemos sbwgbods-
Do o @oggool sdmemgs amaasmol, dsbmsdol s ULbgs gy 3obgdowsb. Logs@oygwms
30Mobo@GPgeo gy 3obgdol 5JBHogmos sMoMs@bgose.

3o e96mG0 g9 3560bdol Ygbobgd  wodoywgdgdgemo  go@oygdo  dslogrs  @gyombo-
Lomgol o® dmygg3mggds. 3353 §uamagbydo dobsamol s@lgdmds dmigdymo sbogol Ggoe-
Lgobg 9bws Jogmomgdwgl gy 3obgdol 5JHogmdsby o8 @ML. a.sdobol, 3. bgodsodmols,
A.mbgogol, @.30g0mbols (Adux, 1873; Heiimaiip, 1902; Ocpanbj, 1915; @ropon, 1955), s@sb@ygano
06gm@Adoz00m  sedmbsgangm  sbodmamool 3dlbgoemglo gy iobgdo — mmbpygdggo (35429),
bgdagwo (3050), s@o@o@Bo (51653) 3m@migbls ©s obEmdoge 3g@omedo sdgwegbgombgb
9JL3emboy@  5JHogmdel. @oggdol goboligbgamo  sdmegds boddmybdg  woxgoJboMgdbymos
1441 §geols.

@0BJOSG YD

Baikal F., Demirsu S., Erentoz C., Cattinger T., Ketin J., Kutlu R., Topkaya M., Urgun S. (1961). Geological
Map of Turkey.

Gogichaishvili A., Sologashvili D., Prevot M., Calvo M., Pavlenishvili E., Maisuradze G., Schnepp E.,
(1997). Paleomagnetic and rock-magnetic study of a Pliocene volcanic section in Southern Georgia
(Caucasus). // Geologic en Mijnbow 76, Netherlands. P.135-143.

Camps P., Ruffet P., Sherbakova V., Prevot M., Moussin-Pouchkin A., Cholpo L., Gogichaichvilli A.,
Assaniodze B. (1996). Direction intensity and Ar/Ar reversal or excursion recorded in Georgia. / Phys.
Earth planet. Inter. 96. P.41-59.

Maisuradze G., Pavlenishvili E., Schminke H., Sologashvili D. (1989). Paleomagnetic und datierung der
basaltlava // Jahrb. RGZM, 36. Mainz. P. 74-76.

Ferring C., Swisher C., Bosinski G., Gabunia L., Kikodze Z., Lordkipanidze D., Tvalchrelidze M.,
Tutberidze B. (1996). Progress report on the geologi on the Plio-Pleistocene Dmanisi and the
Diliska George. Republic Georgia. // Paleantropology Society. New Orlean. P.5-6.

Schmincke H., Van den Bogard. (1995). Die datierung des Mashavera-Basalt lavastroms. // Jahrb.
RGZM. Mainz. V.42. P.75-76.

147



Vekua A. (1987). The Lower Pleistocene Mammalian fauna of Akhalkalaki (Southern Georgia)//
Paleontograhia Italica. V.XX!V. P.63-96.

Abux T'. (1873). I'eonoruyeckue HaOMIOAEHUS B HaropHOW crpane Mmexay Kypoit u Apakcom. //3arm.
KOUPT'O. Ku. VIII. C.1-69.

Ab6ux I'. (1902). I'eonmorust ApMsiHCKOTO Haropbs. Bocrounas yactse. // 3amucku KOWPT'O, Ku. XXTI,
Tudmuc. 67 c.

Anamus HI.A., Mamxonamuu JL.T., Xymumsumu O.J1. (1965). I'eonorndeckoe cTpoeHe H METaJUIOT€HUS
FOro-Boctounoii I'py3uu. //Tp. TUH AHI'. Hos.cep.Boim.1. C.113-135.

Acnansa A.T. (1958). Pernonansnast reonorust Apmennn. EpeBan. Aiiriet. 430 c.

Acnansin A.T., barmacapsa [.I1.,, T'abynus JILK., PyOumnmreitn M.M., Cxuptiagze H.U. (1982).
Pagnomerpuueckue BO3pacThl HEOI€HOBBIX BYJIKAaHOI€HHBIX oOOpa3oBaHui ['py3uu, ApMeHHH U
yacti HaxuueBanckoit AO. //13B.AH Apm.CCP. Hayxka o 3emie. T.XXXV. Ne 1. C.3-24.

Banpsa C.I1. (1969). CtpykTypHas reoMopdonorusi ApMSHCKOTO HATOPhsl U OKAMMIISTFOIIINX 00IacTeil.
//EpeBan. ['oc.yauBepcutet. 390 c.

Bekya A.K. (1959). O ¢dayne HixkHEeUeTBepTHUHBIX MileKonuTatommx u3 Axankanaku (FKOxunas ['py3us)

/I JAH CCCP. T.127, Ne 2. C.408-410.

Bekya A.K., dxuraypu .I'., Topozos P.U. (1985). HoBrle maneoHTOIOTHYECKHE HAXOIKH B OKPECTHOCT-
ax [anxa. // Coobm. AHI'. T.118, Ne2. C.373-376.

Bekya JI.B., Maucypamze I''M., Kakynus B.K., TlaBnenumBwiu E.I., Conoramsuwim [[.3. (1982).
MarauToxpoHocTpaTurpadusi MO3IHEKAHHO30MCKUX BymKaHuToB B [pysum. // Ku.: UYerBeprHas
cucrema ['py3un. Tounucu. C.3-25

INadbynus JL.K., Bekya A.K. (1993). JIMaHHCCKUIT HCKOTIAEMBIH YEJIOBEK U COMYTCTBYIOIIHE UM (DayHa
M03BOHOYHBIX. // TOunucu. 72 c.

Iadbynus JLK., byaunmze L.W. (1970). O neproii Haxoake mnosaHerielcTonenoBor xupapsr 8 CCCP. //
Coobur. AHI.T.57, Ne2. C.241-244.

lamkpenunze I[1.1. (1949). ['eonoruueckoe crpoeHne Amkapo-TpruaneTckoil ckiadaToi cuctemsl. //Tp.
I'MH AHT". Tounucu. 508 c.

lamkpenunze I1.J. (1954). HoBble naHHBIE O TEOJIOTHYECKOM CTPOSHHH AXAIKalTaKCKOTO HAropesi H
HOxHOTO cKi0Ha Tpuanerckoro xpedra. // Tp. I'TIN, Ne32.C.17-28.

Iamkpenunze W.I1. (2000). BHOBE 0 TekTOHHYeCKOM pacuieHeHun tepputopuu ['pysmu. // TUH AHI.
Tpynst HOBast cepus, Boim. 115. C.204-208.

Joxuraypu [1.T. (1991). FOxuo-I py3unckoe Haropse. // B kH., I'py3ust B Autponorene. Tounucu. C. 91-125.

Jzonernaze H.M., Kynomumu C.U., Tyr6epunze b.J1. (1975). K reonornn BynkaHOTeHHBIX 00pa3zoBa-

HUH eHTpanbHol yactu Jxaaxerckoro xpeora. // Cooour. AHI. T.79, Ne3. C.629-632.

Sapunze .M. (1944). MarmMaTuueckuid UK BEpXHEro MuolleHa-munoneHa B ['pysuu. //Coobm. AHI.T.5,
Ne6. C.601-605.

Sapumze ['M. (1944*). Marmatudeckue MUKIBI YeTBEpTUUHOTO Tiepuoaa B ['py3um. //Coobm.AHI. T.9.
C.885-894.

Sapumze [."M., TarpumBumu H.®.(1948). O Bospacre [lamkuuckoro yaBoBoro komruiekca // JJAHCCCP.
T.9, Nel. C. 111-113.

Maucypanze [.'M. (1981). K ctpaturpadun mononsix Bynkanutos FOxHnoii ['pysun. //bromn. KUYIL. Ne 51.
C. 74-84.

Maucypanze I''M., CmenoB C.b., TBamupenuaze M.I'.(1980). HoBrie naHHbIe 0 BynkaHutax /[xaBaxeTHH.
//Coobm. AHI". T.98, Ne3. C.605-608.

Mancypanze I'M., Kymomswm C.H. (1999). HekoTopsie BOMPOCH TEOJOTHH MOJIOAOTO BYyIKaHHU3Ma
JIxaBaxeTckoro Haropbs. // B kH., IIpoGaemsr reomornu u merposiormn. Tp.I'MH AHI'. Hos.cep.
Brin.114.C. 220-228.

Mapyamsuwiu JL.U. (1971). HOxno-I'py3uHckoe BynkaHudeckoe Haropbe. //B kH., ['eomopdomnorus
I'py3un. Tounucu. C. 346-384.

Munanogckuii E.E., Koponosckuit H.B. (1973). Oporennsiii BynkaHu3M u TekToHnka Anpnmiickoro Ilosca
EBpazumu. / M., Henpa. 277 c.

Heiimaup M. (1902). Uctopus 3emnu. // C.-IlerepOypr. [Ipoceemenue. 753 c.

Ocpanpn @. (1915). K ucropuu TEKTOHHYECKOTO pa3BUTHS ApMsiHCKoro Haropbs. / 3am.KOWPT'O. K.
XXIX/. Brimn.2. 50 c.

Casmsa 10.B. (1977). K Bompocy crparurpaduu u mnaneorcorpaduu Iuiedctoriena Apmenun. /B kH.,
T'eonmorus uerBeprrunoro nepuojaa. Epesan. C. 86-90

148



Cxuptnagze H.U. (1958). IloctmaneoreHoBbiid >Q@y3uBHBIN Byiakanumsm [pysumn. //Tp. TUH AHI.
Momnorpadus Ne8. 333 c.

Tyroepunze B.JI. (2004). T'eonorus u meTposiorust AJBIUHCKOTO IO3JHEOPOTCHHOTO MarmMaTu3Ma
Hentpanbroii yactu Kapkasckoro cermenta. // I3n. TT'Y, Tounucu. 336 c.

V3nanze M. (1965). Heorenosas ¢uopa ['py3un. /Tp. TUH AHI'. Hos.cep. Brim.2. 187 c.

®ropoH P. (1955). Beenenue B reonoruto u ruaporeonoruto Typuun. /M. U3n-so UJI. 142 c.

Xapazsa 9.X. (1966). Crparurpadudeckoe MOJOXKEHHE AOJIEPUTOBBIX JaB Jlopuuckoro miaro B paspese
ByJIKaHM4YeCcKoro KoMmruiekca /IxaBaxerckoro xpeoTta. / 3. AH Apmennn. T. XIX Ne 5. C. 38-46.

Harapemun AJL. (1966). O cBs3um Me3030HCKO-KAfHO30MCKOTO ByJIKaHW3Ma [py3un ¢ TIyOWHHBIMHA
Paznomamu. /B.xH. [mybunHoe ctpoenne Kaskaza. M. Hayka. C.103-112.

Heperenu 1.B. (1966). [TneiicronenoBbie otinoxenus ['pysun. / Townucu. Mennuepeba. 553 c.

UDC 549.905.1+549.905.2+552.5

35835L0ME0L 30RIDS BR3OL “OSKRBIS3RINN SIBOL” BIRIOIHIR-Co@G IR0
BROFIOO BM@HISCGO0L BIG03I6IR0O 306I65RMB0S
LO3>OMBIRM BoHOIRIBTN)

3. 30010353300

LoJommnggemlb aobomagdols s 39360gMgdols bodobold®mm. o. xsbgarodol ggmenmaool 0bldodydo.
3. s gdlodols 179, mdogobo 0171, Logs@mggenm. gao. gml@s: v.endi@yahoo.com

boangdgool Gg@oggbyemo dobg@ommaools 3g3emg39d0m ©sEA0bos o3 bogngdgdol dzggds30 Fyotm-
9%90: 590l POoEM-slisga gmosb 3oggolombols s®Jodgamsyo, bsdb@Mgmowsb Gods-gobsdol gm@o-
@09Ms > bgodgbGozoy®o s5bol ggmeb@ogmobgdols wobsangdo Logs®o, sbggg Lobdombyemo gyen-
3560bdols 3o@mgeslB o dolbsgol Fyomm.

TepureHHasi MUHEpPAJIOTHsl BEePXHEIOPCKO-MeJIOBBIX (DINIIEBBIX 0TJI0keHU BocTouHOro 6acceiina
Oxpannoro mops bBoabmoro Kaskaza (I'py3us). 3. BapcumamBuin. MUHHCTEPCTBO IPOCBEIIECHUS U HAYKU
I'pysun. FOJIOII Uucturyt reonoruu A. xanenunse, Toumucu 0171, yn. M. Anekcunze 1/9.

E-mail: v.endi@yahoo.com.

Hcxonst u3 uccnenoBaHuit TEPPUTCHHOW MHHEPAJIOTMH YCTAHOBJCHBI MCTOYHUKH CHOCA ITHX OTJIOKEHHIl: C
ceBepo-3anana — bonbliekaBka3ckuii apxumnenar, ¢ rora — PaunHcko-Bannamckas kopauibepa U BHyTpuOacceiiHOBbIC
TFe0aHTUKJIMHAIY KaK ¥ UCTOYHUK MUPOKIACTUYECKOr0 MaTepHaja CHHXPOHHOTO BYJIKaHU3MA.

Terrigene Mineralogy of the Upper Jurassic-Cretaceous Flysch Formation of the Eastern Basin of the
Marginal Sea of the Greater Caucasus (Georgia). E.Varsimashvili. Ministry of Education and Science of Georgia.
LEPL Alexandre Janelidze Institute of Geology, 1/9 M.Alexidze st., 0171 Tbilisi, Georgia. E-mail: v.endi@yahoo.com

According to terrigene mineralogy the sediment sources are established: from the northwest —the Greater
Caucasus archipelago, from the south - the Racha-Vandamian cordillera and intrabasin geanticlines, as well as the
source of pyroclastic material of synchronous volcanism.

Abridged English Version

One of major problems of lithology is the identification of peculiarities of forming and variation of a
mineral content of sedimentary rocks at different stages or phases of their existence - beginning from
sedimentation (sedimentogenesis) and diagenesis and terminating with abyssal catagenesis in conditions of
various structural fields.

The analysis of terrigene mineralogy of clastogene rocks enables to establish hydrodynamic conditions
of sedimentation and their influence on the transported material (rounding, transformation and alteration),
also grouping of minerals in definite paragenetic associations for identification of types of parent rocks. On
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this basis, the terrigenous-mineralogic provinces been allocated; their configuration depends on propagation
extent of parent rocks and scattering areal of clastic minerals.

The analysis of data on terrigene mineralogy has also great value for forecasting of the pitching-out
areas of oil and gas collectors, for the selection of perspective districts, where it should be undertaken more
detailed exploration (of carbon deposits), to achieve practical results.

Proceeding from the above-stated, the analysis of the quantitative and qualitative contents of rock-
forming minerals in the clastogene Upper Jurassic-Cretaceous flysch sediments of the Eastern basin of
flysch-accumulation (of the Marginal sea of the Greater Caucasus) has enabled to carry out more detailed
researches in this area of the Southern slope of the Greater Caucasus in Georgia.

The summing up of the results of mineralogical analysis of flysch sediments shows, that heavy
fractions (with specific weight >2.83-3) are present in a small quantity - usually in the decimal fractions of
percent, seldom - the whole percents.

Groups of ore and stable minerals represent them predominantly. Out of the ore minerals, here occur
pyrite, marcasite, limonite and magnetite. From the association of steady accessories most constant are
zircon, turmaline and Ti-bearing minerals (rutile, anatase, brookite). Corundum, apatite, dehrnite, sillimanite,
garnet, barite, spinel, fluorite, mica, chlorite and carbonate are comparatively infrequent.

The light fraction (with specific weight <3-2.83) consists of quartz, feldspars, muscovite, sericite
aggregates, clay minerals, calcite and carbonaceous particles.

The detailed analysis of nature of mineral association of the above heavy and light fractions of the
studied sediments shows, that the main feeding sources of the Upper Jurassic- Cretaceous flysch sediments
of the study region is acid substrate composed by granitoids and metamorphic rocks. At that time, the
mentioned acid substrate was uplifting, apparently, as islands in the northwest axial part of the Greater
Caucasus, and in the south, close to the zone of sedimentation — on the Racha-Vandamian cordillera.

The increased contents of the investigated stable minerals points, that a set of islands composed by
Jurassic sediments, outcropping on geanticlines in the sedimentation basin, at this time suffered an intensive
washout.

In the Upper Cretaceous time, the products of erosion of the Bajocian porphyritic suite were delivered
mainly from the south and southwest. In southern and southeast directions is visible the source of pyroclastic
material of the Upper Cretaceous synchronous volcanism as well.
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Natural Facing Stones of Georgia. Vazha Geleishvili. Caucasian Alexander Tvalchrelidze Institute of
Mineral Resoures. 85 Phaliashvili str., 0162 Tbilisi, Georgia. E-mail: k-e-l@posta.ge

Natural facing stones occupy an important place among the values of the Georgian industrial minerals. It is
necessary to carry out actions, which will provide focused work of dynamical system of management; which will
foresees the real requirements and wishes of customers and at last which will provide for all possibilities of
manufacturing raw material.

[pupoanbie odaunoBounbie kamMHu B ['py3un. B. IenrenmBuan. KaBka3ckuii MHCTUTYT MHUHEPaIHHOTO
coIpbs UM. Anekcanzpa Tamupenunze, yi. [anunamsumm 85, 0162 Tounucu, I'py3us. E-mail: k-e-l@posta.ge

Jlns moNHOro IpencTaBlieHHs ITOTEHLHANa MPUPOJHBIX OOJIMIOBOYHBIX KaMHed [py3MH M BKIIOYEHUS UX B
PBIHOYHBIE OTHOUICHHS HEOOXOIUMa IEePEeOleHKa MECTOPOXKIAECHHH M IPOBEJCHHE TaKUX MEPONPUITHI, KOTOpbIE
obecrieyaT OpUEHTUPOBAHHYIO PabOTy AMHAMUYECKOW CHUCTEMBI IIPABIICHUS U IPENLYCMOTPAT pealibHble MOTPeOHOCTH
TI0JTB30BATEINS M IIPOM3BOIUTENBHEIE H Peai3allHOHHbIe BO3MOKHOCTH CHIPEBOM 0a3bl.

Abridged English Version

Natural facing stones occupy an important place among the values of the Georgian industrial minerals.
County has extensive experience in their exploring, mining and elaborate. They were widely used in the
construction of buildings and the churches for centuries; nowadays to select these materials is especially
important because of wide church construction and restoration work.

There are up to three thousand natural facing stones deposits and occurrences in Georgia, their total
cost approximately is two milliard dollars, additionally interesting, the author’s new information the usage
the new and nontraditional layers (dacite, rhyolite, granite and others) as a facing material.

In consequence of massive usage exploitation and drill works, parts of the deposits that have been in
manufacture and damaged-for the further exploitation it is necessary to carry out additional geological and
engineering works.

With the purpose of revealing full potential of Georgian facing stones and there inclusion in
marking, it is necessary to carry out actions, which will provide focused work of dynamical system of
management; which will foresees the real requirements and wishes of customers and at last which will
provide for all possibilities of manufacturing raw material..

The current conditions can create many small and medium-size enterprises for the stone extraction
and elaborate, in a short time, which will employ the local population and the country will receive significant
revenues.
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IleTporeoxumuyeckne 0c00EHHOCTH JOAJIBIUIICKMX MeTa0a3uTOB /[3MPYJIbCKOro KPUCTANIMYECKOI0 Mac-
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Ha ocHOBe aHATMTHYECKHUX TAHHBIX PACCMOTPEHBI NETPOreOXMMUYECKHE 0COOEHHOCTH JIOANBINICKUX MeTaba-
3uTOB J[3UpPYIBCKOTr0O KpUcTanyeckoro Maccusa (Yepaomopcko-bonbiexaBkasckuii Teppeitn, KaBkas) u ycraHos-
JICHBI UX IIETPOreHETHYECKHUE TUIIBI.

Petro- and geochemical peculiarities of pre-Alpine metabasites of the Dzirula crystalline massif (the
Caucasus, Georgia). Tsutsunava T., Shubitidze L., Chikhelidze K., Tedliashvili K. Ministry of Education and
Science of Georgia, LEPL Alexandre Janelidze Institute of Geology, 1/9 M.Alexidze str., 0171 Tbilisi, Georgia.

E-mail: 1 _shubi@yahoo.com

According to analytical data, petro- and geochemical peculiarities of pre-Alpine metabasites of the Dzirula crys-
talline massif (Black Sea — Central Transcaucasian terrane, the Caucasus) are discussed and their petrogenetic types are
stated.

Abridged English Version

The Dzirula crystalline massif exposes in the pre-Alpine crystalline basement of the central part of the
Black Sea - Central Transcaucasian terrane (the Caucasus, Georgia). It is built with the following rocks
(Gamkrelidze, Shengelia, 2005): the Precambrian gneiss-migmatitic complex, metabasites of three different
generations and quartz-dioritic orthogneisses; Cambrian metabasites of fourth generation; Late Baikalian (?)
granitoids of plagiogranite-granitic series; Late Variscan granite gneisses and granites. In the granites are
preserved fragments of the so-called Chorchana-Utslevi allochthonous complex represented by the plates of
apoterrigenous-volcanogenic rocks of different age and associated with them metaophiolites of the
Precambrian-Paleozoic (?) age. Age partition of metabasites of the mentioned four generations is based on
their relation with the Precambrian gneiss-migmatitic complexes, Baikalian quartz-dioritic gneisses, rocks of
Late Baikalian plagiogranite-granodiorite series and with Late Variscan granites (Fig.1).

In the paper, proceeding from petrogenic elements, RE and REE analytical data, petro- and geoche-
mical peculiarities of four generation metabasites of the Dzirula crystalline basement have been considered
and on the basis of data interpretation petrogenetic types of these rocks are defined.

To the metabasites of I generation belong associated with the Chorchana-Utslevi allochthonous comp-
lex serpentinites, amphibolites, amphibolic schists, metadiabases and gabbro-diabases. The metabasites are
relics of old oceanic basement and are united in the ophiolitic complex (Gamkrelidze et al., 1979 1981;
Zakariadze et al., 1993, 1998; Gamkrelidze, Shengelia, 1998; Gamkrelidze, Shengelia, 2001). The main mi-
neral parageneses of amphibolites are Pl+Hbl+Qtz+Ep, PI+Hbl+Sf, Pl+Hbl+Cum, Grt+Hbl+Ep, but in ser-
pentinites is established hartzburgite protolith. Sm/Nd isotope dating of metabasites yielded 810+100 Ma
(Zakariadze et al., 1998). These metabasites are rocks of medium-magnesian order; they are very rich in RE
and Ti that is expressed in increasing of Th/La, Th/Sm, Th/Yb, Zr/Y, Ti/Zr ratios and poor in Zn, Ni and Cr
content (Table 1,2). In the metabasites of I generation two petrochemical-geochemical groups are ascertained
— depleted with rare earth elements and enriched with the same elements. Total amount of REE in metaba-
sites of the first group is 15.97, but in the second — 157.12. On spidergrams are fixed positive minimums of
Rb and Nb (Fig. 4). By petro- and geochemical characteristics, the considered metabasites belong to N- and
T-MORB.
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Metabasites of II generation are represented as concurrent to the gneissosity amphibolites and as
boudinage bodies of amphibole-bearing schists in plagiogneisses, granite gneisses and migmatites. They
underwent polymetamorphism (Gamkrelidze, Shengelia, 2005). There are established the following mineral
parageneses: Hblyen +PIZCum+Cpx+Hblyrown, Grt+Bt+Cum+Hbl+Pl, Hblyeen TEp+Ab+Act+Chl=Bt+Qtz+-
Ka+Sf. Composition of these metabasites is given in the Tables 2 and 3. In these rocks Ti and Zr content is
increased, that is established in Zr/Y and Ti/Zr data, but in Th/La, Th/Sm and Th/Yb ratios content of these
elements is within norm. Metabasites of 1I generation are of low-magnesian order. According to petro- and
geochemical data two groups of metabasites are distinguished in them: 1 — comparatively enriched with REE
and also with relatively high content of Al,O; and 2 —REE depleted and medium aluminiferous. In metaba-
sites of I group total amount of REE is 108.25, but in the II group, it constitutes 41.65. On spidergrams slight
discrepancy of lines is observed (Fig.5). For the considered metabasites are characteristic Ba and U positive
maxima and Th, Nb and Sr positive minima. According to petro- and geochemical characteristics, metaba-
sites of Il generation correspond to different groups of basalts: 1. intraplate and 2. transitive between the
intraplate and oceanic ones that are connected to MORB. Comparative to the oceanic intraplate basalts,
metabasites of Il generation are CaO depleted and enriched with K,O, but MnO and K,O content relative to
MORB is slightly increased.

Metabasites of III generation are metagabbroids and their relatively large outcrops are those of Shro-
sha, Lomisa, Vashlevura, Khelmosmula, Dumala and Dedabera. Under the influence of quartz diorites and
granites, their transformation into typical contact migmatites or their plagiogranitization and microclinization
are observed. With metagabbroids diabase-, diabase porphyritic, gabbro-porphyritic and gabbro-pegmatitic
dikes and veins are genetically associated. For metagabbroids are characteristic the following parageneses:
Hbl+P1+Qtz, Hbl+Bt+Pl+Qtz+Ksp, Cpx+Hbl+Pl, Cpx+Hbl+Bt+Pl, Hbl+Cum+Pl+Qtz. These rocks under-
went Late Baikalian and Late Variscan metamorphism. Their composition is given in the Tables 4 and 5. In
metabasites of III generation two petrochemical-geochemical groups have been defined: standard and highly
enriched with REE. This division is based on total amount of REE and on (La/Sm), and ( La/Yb), data.
Total amount of REE in standard varieties falls within 100.66-133.49, but in highly enriched ones — 554.2. In
metagabbros relative to normal gabbros Th and Zr content is increased, that is expressed in Th/La, Th/Sm,
Th/Yb, Zr/Y characteristic ratios. Metabasites of 11l generation are rocks of low magnesian and high alumini-
ferous order. On spidergrams positive maxima of Ba and Tb, negative minima of Sr and positive minimum
of Nb are fixed (Fig. 6). According to petrogenic elements, RE and REE content they correspond to ensialic
island arc basalts of the Sea of Japan. In these rocks relative to MORB: content of Al,O;, CaO and RE and
REE is increased, TiO, and MgO is decreased, but Ta, Lu, Yb, Tm, Er, Py, Tb, Gd, Eu and Hf are equal.

Metabasites of IV generation are represented by massive or schistose gabbros, gabbro-diabases and
diabases (Gamkrelidze, Shengelia, 2005). According to geological interpretation, the age of the metabasites
is Cambrian (Gamkrelidze, Shengelia, 2005). These metabasites are metamorphosed during the Late
Baikalian and Late Variscan orogenies. Two outcrops of these metabasites — in the Gezrula river gorge and
near the village Tskhetijvari are mapped. The first one is predominantly represented by massive gabbro-
diorites with key mineral parageneses — Hblproun TPIHCpX, Hblyrownish-green TPIEBt, Hblgreen ¥BtQtz. Tskheti-
jvari gabbro outcrop is represented by gabbro and gabbro-diabases, with characteristic parageneses -
PI+Cpx+Hbl, PI+Hbl+Bt+Sf. Age of the latter according to mineral isochrones corresponds to 607+78 Ma
(Zakariadze et al., 1998). Composition of metabasites of IV generation is given in the Tables 5 and 6. Gez-
rula gabbro is more enriched with RE than that of the Tskhetijvari that is expressed in total amount of RE
and (La/Sm), da (La/YD), ratios. They also differ from each other in variations of slightly incompatible
elements ratios (Hf/Sm, Ti/Y, Ti/P, and Ti/Eu). Distribution of their noncoherent elements (Hf/Sm, Ti/Y,
Ti/P, and Ti/Eu) is incompatible as well. Metabasites of IV generation are highly aluminous rocks, but
coefficient of their magnesian contet is relatively low. In the rocks, REE total amount varies within a wide
interval - 81.24-140.73. On spidergrams of IV generation metabasites positive maxima of Ba and positive
minima of Th, Nb, Sr and Zr are fixed (Fig. 7). Considered metabasites according to content of petrogenic
elements and large radius lithophile elements — Rb, Sr, Ba, Zr, Th, U and of RE - Co, Ni correspond to the
ensialic island arc calc-alkaline basalts.
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Fig. 1. Principle scheme of interrelation of the Dzirula crystalline massif building rocks (Gamkrelidze, Shengelia,
2005). 1-Rhyolitic tuffs (Late Variscan); 2—potassic granites (Late Variscan); 3—plagiogranite-granite series (Late Bai-
kalian); 4—gabbro-diorite—quartz-doirite series (Late Baikalian); 5—quartz-diorite orthogneisses (Baikalian); 6—gab-
broids (Late Precambrian); 7—gneiss-migmatite complex (pre-Grenvilian); 8—melanocratic basement (Precambrian
metaophiolites of Chorchana-Utslevi allochthonous complex). In the circles — I, 11, IIT and IV generations of basites.

I 996905300l 39@0dobo@gdl 80g390gbgds hm@hsbo-gfmmggol samJmmbyd  jmd3arg]l-
0sb slmEo®gdyamo LygHm3gb@obo@gdo, 53x80dmeo@gdo, sdxgodmaosbo goJamgdo, gBwosdsby-
b0 5 253OM-05d5bgdo. 5@bodbyamo gBodsbodgoo Fo®dmawygbl dggero m395by@o  o3yb-
©5d963 0l MgeodBgol s gOHmosbpgds mBommo@y® 303w gdldo (Famkpemuase u ap., 1979,
1981; 3akapuamze u ap., 1993, 1998; Gamkrelidze, Shengelia, 1998; I'amkpenunze, lllenrenua, 2001).
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Lg®H39b®B0b0BYddo oy gboeos  JoM3dMA0H Yo (0dg00me  IboFYMO) 3BMEMEomo,
bogoem  sdgodmao@gool dmsgs®o dobg@omy@o 30(60&363“001336007: PI+HbI+Qtz+Ep, PlI+HbI+Sf,
PI+Hbl:Cum, Grt+Hbl+Ep,. 5]g9 s@gbodbogm, Gmd dodgeols dsbogol Lg®3gbBobodgdo “Jggwos-
3o gmbmy® mBomeodgbol Lgdosl” 3o@ggmsw . ba®odgd dosgmgbs (3apumse u ap., 1965).
398 om%80mmo@ gdol  asdmbsgemgdo  sgoJboMgdyamos dwobsmggdols Fg@smbggol, @m3sbol-
Fyemobs s bobobolbggol bgmdgddo. dgBooabo@gdols sbsgol aoblobmg®ol Sm/Nd obm@3yco
dgomeon dJowgdyamos, Gmd T=810£100 denb.§. (3axapuanze, u ap. 1998).

II 996905300l FgBodobo@gdo db0dgbganmgseb Gmel 0sdsdmdls abgoliy®-dogds@od o
3083e09JLols IgdoygbenmdsTo. dom gobzomo gl dmeodgBsdmmeobdo (p®gbgomydo,
330565503500 99M0 ©s 3305639M (30690 gBHS3gd0) o SFoGMmd JoMggarso dogdyco LEOYIH Y-
G domTo o6 dgdm@bhs (Famkpennase, lllenremua, 2005). obobo abgolbmd@ombols msbbgwgbogno
59g80dm@o@gdol s sdgodmosbo goJamgdols dywobo@gdygmo Lbgyegdol babomss {o@dm-
9600 3ansaom- ©s AMsbodmybgolgddo ws Joads@o@dgddo; Lbgswslbgs Lowowol @garad-
B9ool Lobom abgogds, sa®gmgg 33oME0sb-wom®o@dgan abgolgddo. §. bo@odolbs s b. mom-
®odgoanol dobgogom (3apunse, Tatpumsuny, 1959) sdg0dmeo@gdo Fo@dmodgs dobo@ymdo dgwo-
3960mdols dMg9dc0g0 Lbgymgdol @oggdol o 3odmiesl@memomngdols 3g@sdmdgobdols
Yggaoe. 3. Joenslmbosl (Kumaconus, 1965), 9. sdglodobs ©s g. 0dsgy@odols (Abecanse, Lu-
Makypuise, 1976) dobgogom, sdg00meo@gdol LoFyobo Jobgoo 93ndg dsgds@o@gdos. sdgodmeno-
B9oLbs o 538odm@osh QoJmgddo woagbogos AMyMAE 3MmaGsEYmo Ggyombyeo dg@o-
dodgobdol —  Hblgp, +PHCum+Cpx+Hbly,e,, Grt+Bt+Cum+HbI+PL, olggg @oogdm@ybol —
Hbl g8 FEpTAb+ACtEChlEBt+Qtz+Ka+St dglsdodobo dobg@oma@o 3o@aygbgboligdo.

I 396965300l dgBsdsbo@gdol dgpo®gdbom o godmbsgangdl dogznmgbgds damTol,
@emdobsl, godeggn@ol, bgmdmldymsl, ydogrsl s EsdgMol dgBoasd®Mmopgdol asdm-
bogeogdo (Xynumsumu, 1991, I'amkpenunse, llenrenna, 2004, ). gl Jobgdo ggmmaoygdo, 3g@6m-
@ey0YMHo s dJobgHommaog®o mgombsb@obom Jodaswss gbFsgeogo (Kunaconus, 1944,
1950, 1973; Yuxemunze, 1948; 3apunze, TarpumBuau, 1953; 3apunze, 1970; Abecamze, [lumakypunse,
1976; lamkpenumze, dymoanze, 1985; Xmananze, Uuxenumze, 1987; Xyuumswim, 1991, 1993; Onukanze,
1969, 1998; Ynxenunse, 1998). 90d0m0©09dbyg 335030060 @om@o@gdol ob a@sbodgdol bgdmdg-
©gdols Jgogyoe dgobodbgds Fomo go®Esddbs Godoynd mbEsdBu® dogdsdo@gde o6 dsmo
3eno20mM5b0G0bo3E0s s F03MMe03bobaos. AodbBmowgdo 9dg@glop dgdmbgggsdo Dgd-
3900 335 3-0mMoG Yo abgoligdoli msbbgogbogsss ©sabgoligdymo. dommsb agbg@ydsew
©05353d0Mgdymos gOmgymo Lob@odgd@gdowsb @sdwgbody dg@®sdeg Loddasg®oli osdsby-
40, ©0555b-3000G0A0RYE0, 230MM-3MAROMOBYEO0 S  A0MM-392d5BA0B YN0 (503900 S
doM03g980. 3930350MM00950 0339mgds yMoboGgeo 393ds@0dgdom s s3@o@dgoom. Lszgsebdm
dobgdomy®o  3o@oggbgboligdos: HbI+PIEQtz, Hbl+Bt+Pl+Qtz+Ksp, Cpx+Hbl+Pl, Cpx+Hbl+Bt+Pl,
Hbl+Cum+Pl+Qtz. s@bodbyemo 29bg@siE0ol 39@edobodgdl gobaomo oJgl ggosbdsogsgny@o
> 2300bg5M0b gm0 IgBodm@gobdo.

IV 296905300l 3g@odsbodgoo Fomdmpagbomos dp. 39b@gmal bymdol ©s bmeg. byg-
0obxg®ol doboyg@o ob ogoegdygamo 3s6MMgdom, 2s0MM-0sdsbgdbom ©s 0sosbgdom. ag-
M@MA0MH0 0bEgH3M Y3000 IgBsdsbo@gdols sbisjo 3oddMogeos, oasb obobo 3ggml jod-
d@0yaolifobs 3306 3-wom@o@ya abgoligdl, hmg{)m moqob db®0g 0339090 ?)‘3006600 og@”f](ﬁo
30 o20MM5b0@-3@sbmeom@odymo  bg@ool  a®Msbodmoegdon  ©s  ag0sbgs@olgygemo  ado-
bo@goom (I'amkpemnnse, lllenrenna, 2005). s@bodbyen Jobgdl yobawomo o3l gg3056d5035e09M0
> 2305635030 39BedmMmxobdo. . 33b@ sl bgmdol dgBedsbodgdo Fomdmwagbo-
oo dsboyg®o  G9JlEB@ol yoddm-Eom®odgdom, Gmdgmmms dsady@o LEswools dobg@smy®o
30M59969bolos — Hblgy e tPIHCpx, Hbly,¢,-ap, TP1EBL, Hblgp, +Bt+Qtz. 3bgoolixg@ol 306@ml -
dobogogmo Fomdmoagbomos 200MMmgdom ©s 353MM-0sdsbgoom, GmIgamms ©sdsbobosmygdy-
@0 Jobg@sgny®o 3oMoy9bgboligdbos — Pl+Cpx£Hbl, PI+HbIEBESE. (3bgmolixg@ols s3godmaosbo
30000l sbsgo dobg@oygdo obmJdmbols dobgogom gglodsdgds 607+78 danb. (garls (3akapu-
amze u ap., 1998).

7 06g00@mms dogdaeo Loddmamgdo: Ab-sedo@o, Act-5J@obmmoo, Bt-dom@o@o, Chl-Jmm@o@o,
Cpx- g0 0bm3odm Jbgbo, Cum-3930ba@mbodo, Ep-gdoom@o@s, Grt-g@sbs@o, Hbl-@Js@gys@s, Ka-
3o006mbo@o, Ksp-goemoygdol dobpgdmols d3s@0, Pl-3amspomgemsbo, Qtz-3356 30, Sf-liggbo.
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09 3530m350L{0bgom, MmI dodymols 3@HolRsmyd dsbogdo bgdmm s@bodbyen dg@o-
350OM0YdMob gOHMoE OPo 2530 (3gEgdom Loy gdmmmdls domo aog®Mobo@dgdymo Labglbge-
00695033, 357ob Loglgdom ©slsdggdos domo dbodgbgenmgsbo @maro dobogol go@olgymsdwoy-
@0 39besdgbBols oy 9d e gosdo (3apunze, Tarpumsuin, 1953).

399505%0B gdols 3gBdmJodos s ggmdodos

dodygol 3@ol@ogydo dsbogol se3yg@olifobs dg@odsbo@gool 39@®mJodoy@-agmdo-
doy@o o5bogrobgdo ho@Gods sangdlsbpdyg xobgmodol agmamaool 0bl@Godydol gobogydo
> Jodog®o 33 ggol @odm@s@m®osdo s boendydgols (sgbd®os) ws 30balEmbols (wo-
©0 3M0@dsbgmo) 16039MLodgdgool @sdbmBs@m®ogddo. jgaggol dgogygdo dm@sboaos
3bGoegddo, @osaMsdgols s L3sogma®sdgdby.

Aleg—FeO*-i-TiOz—MgO osaMadobg 1 29bgdo300l dgBosbo@gdo mogliwgds dswaendsabo-
4dosbo o godol ggerdo, bmene 1L, III s IV g9bg@siEool dg@odsbodgdo go — 3063909,
doo® 306056 s dopogndspaboydosh ggamgddo (Ly®. 2).

FeO+TiO2

ALO: Mg
by@. 2. AIZO3-FeO*+TiOZ-MgO RoOmdols wosp®sds (Jensen, 1976).
TR-@m@godygeo Gomeomno, TD-Gmago@geo ©siaodo, TA-Gmagodgao sbogbodo, CR-300E -

B9 Gomaomo, CD-3008989 ©o30H0, CA-3008989 sbpgbodo, CB-300d9Eg dsbog@o, HFT-omoan-
03060560 o godo, HMT-8omogdsgboydosbo Gmargodo, BK-dsbs@m@ydo gmds@oodo, PK-3gdoom@o-

BY0  3m35G00GJdo. 300mmdomo smbodgbgdo: O-1 gg9bgdszools IgHodsbodgdo; L-II agbg@siools dgd@e-
dobo@gdo; O - III 9695300l dgGodsbo@gdo; +, X — IV aq9bg@siool dg@dsbo@dgodo.

Zr/4 —Nb2 — Y ©00sp@35bg I wo I 296905300L 53g0dmmogsols gogg@amo 6036950
‘dgglododgds mygsby@o  Jgwogdol dsboen@gdols (N-MORB) @s Yowogoas]bydo Gygdg odo-
bogBgool (WPA) 39emgdls, bogoem I s IV g9bs@zools 3g@sdsbodgoo go — mggebydo Jgog-
b0l doboem@gdols (P-MORB) o gyegobygdo 39bdyems @goeol (VAB) g9angdl (L. 3).

I 39695300l dgBodobo@gdo go@sgesbgdymo ©s 0b@gbloydse dg@odmdgobgdyemos
> >doGmd, domdo 3oMgganso dopadydo dobg@oggdo o ggbgogds. domo Jodogdo ©s agm-
Jodogdo Ygoagbogmds dm@Asboeos bMoggddo 1 s 2. s@bodbyao dgBsdsbo@gdo dognosh
dos@os 0dgosmo dofgdom ©s Godobom, Goi godmobs@gds Th/La (0.15-0.19), Th/Sm (0.54-
0.72), Th/Yb (0.59-1.82), Z1/Y (2.2-7.3), Ti/Zr (0.13-1.07) godomdgdols do@gdodo s mo@odos Zn, Ni
> Cr (ob. b, 2). gl Jobgdo domommobsdofosbo s Lodyogmdsgbygboy®o @ogobss. 1 ag-
bgHoiEools 3gBodsboBgodo spaobps Mmoo 3B MmmJodoyd-gygmdodoygdo xagx0 — odgomdofs

90999639000 §o@oM0dgdgmo s 5dogg gergdgb@gdom asdwomgdagmo. 0dgzoomdofs gengdgb-
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B39O0l xodo dgBedoboBgdol o3 gargdgb@gdom dmog® aoms®odgdygen Labgmdgddo @meos -
1597, boanem gsdpopagdygem@o jo — 157.12. L3sogda®sdsby goJlomogds Rb s Nb-ols mopg-
domo dobodydgdo (bab. 4). 3g@d@mJodoyg@-g9mJodoyg@o dobsbosmgdagdom 1 39bg@Msiools dg@o-
55b0@ 930 N- s T-MORB-mob o®0l 0wgb@ogoio®gdgeo.

Nb*2 WPA:AL Al
WPT:AlLLC
PMORB:B
N MORB:D
VAB:C,D

Zi/4 4

by@. 3. Zr/4 —Nb2 - Y poop@sds (Meschede, 1986).
P-MORB, N-MORB - 033956960 Jgogdol dsbosan@gdo, VAB — gy gobydo @ gomoli dobog@gdo, WPA-
‘Jowsgomsdby®@o Bydg dsbog@gdo, WPT — opogomodbygdo dmagodgdo. 3o06. bodbgdo ob. by@.l.

gb®oano 1

I 3969053000 sdgodmao@gdobs s dgHogodmm-dg@oosdobgdols Jodoydo gwygboemmds (ds1.%)
Composition of amphibolites and metagabbro-metadiabases of I generation (mas. %)

g gd/Elem. sdg0dmano@dgdo/amphibolites d9Bo@oodsbgdo/metadiabases

Ne 03-33 03-37 | 47-84 | 57-84 | 49-84 | 50-84 | 58-84 59-84
SiO, 49.65 50.97 | 48.38 | 48.30 4746 | 49.40 | 49.48 49.98
TiO, 0.51 2.02 1.78 1.63 1.03 0.96 1.50 1.64
Al,O4 16.37 1477 | 12.47 13.98 16.07 15.25 15.48 14.60
FeO* 6.22 9.74 12.03 10.61 10.12 9.53 9.14 10.12
MnO 0.11 0.18 0.21 0.19 0.19 0.17 0.18 0.20
MgO 8.81 5.86 7.50 7.54 7.97 7.69 7.63 731
CaO 11.22 9.06 9.72 9.68 8.48 8.44 10.21 9.16
Na,O 2.68 2.94 2.99 3.13 2.67 2.73 2.51 335
K,0 0.69 1.61 0.44 0.48 0.69 1.18 0.72 0.62
P,0s 0.03 0.37 0.21 0.18 0.13 0.11 0.19 0.20
CO, - - 0.74 0.77 0.41 0.37 0.24 0.20
H,0 - - 2.98 345 4.05 3.30 1.76 1.82

z 99.60 99.86 | 99.59 | 99.94 99.33 99.13 99.04 99.20
X 58.00 37.00 | 38.00 | 41.00 44.00 | 45.00 | 45.00 42.00
al’ 1.08 0.94 0.63 0.77 0.88 0.88 0.92 0.83

6099 dgd0 Ne47-84, 57-84, 49-84, 50-84, 58-84, 59-84 smgdpeos a. bodo®osdol s Lbg. (3akapuanze u
ap. 1998) & mdogsb.
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II 39bg@s300l 3g@edobo@dgddo 3gB®mJdoygd-agmJodogdo dmbsgdgdols dobgogom gsdm-
04055 dgBodsbo@gdols m@o xaygxno: 1 — o0dgosmdofs gangdgb@gdom dgos@gdom yodwodyg-
b0 s gomgbom dowsammobsdofosbo s 2 — 0dgoomdofs gargdgb@gdom gows@odgdeymro
> Lodgogmmobsdofosbo (3bd. 2 s 3). s@bodbye Jobgddo dgosdgdomn dmds@goyeos Ti
> Zr, 53 mgogbohobms Zr/Y (3.65-4.54) oo Ti/Zr (0.21-0.27) mobosgsdomdgddo, bomanm Th/La
(0.05-0.94), Th/Sm (0.17-0.36) wo Th/Yb (0.6-0.76) moboggodwmogddo 3 gangdgb@gdol d9di39-
gmds bo@Igeos. 11 96g@s300L JgBodsboBgdo edsedsgbgboygdo @oaols Jobgdos. T xay-
ol dgHodabo@gddo odgosmdofs gargdgb@gdols xsdo Gmanos 10825, II xavxolsdo jo—41.65.
L3o0gda®adsby bobgdol mbsgo 9mabbdmgdss, dgoemgdomo msbbdmds dbmerme Dy-Lu ob-
B9Hgoedo d9obodbgds (bob. 5). II a9bg@oools dgHodsbodgdolbmgol wsdsboliosmgdgenos Ba
s U popgdomo dsJlodydgdo s Th, Nb @s Sr wspgdomo dobodgdgdo. 39@®mJodoy®-agmJodo-
90 dobobosmgoamgdom Il ggbg@siGool 3g@sdobo@dgdo Yggbodedgds dobog@gdol me xagal:
1. ‘dopoggomsdby®dl s 2. dopsgoms]bydls o m3gobydl dmdol po®wsdsgoml, @mdgemos
©5353d0Mgdyamos MORB-msb. 0395696 doosgoms by doboan@gdmsb dgos®gdom 11 gq6g-
53006 39BodoboGgdo JomoModgdygmos Cal o godwodgdygmos KO, bognm MORB-msb
‘dgomgdomn 9dbodgbgame sdsmengdygamos MnO ws K,0 dg9digge0mds.

@abGogao 2
I s IT ggbg@oi00l IgBodobodgdols 0dgosmo s 0dgosmdofs gangdgb@dgools

Jodogdo Jgeagbogomds (ppm)
Composition of RE of T and II generation metabasites (ppm)

IT 2969653000

9e0g0. I 296905300l IgBodsbo@gdo 393 505bo@d gdo
Elem. I generation metabasites II generation
metabasites
299308 m@ 0@ gbdo0 393 >©0535bgd0 >3930dm@ 0@ gbd0
Ne 03-33 | 03-37 | 47-84 | 57-84 | 49-84 | 50-84 | 58-84 59-84 02-22 03-53
Rb 27.01 | 47.35 0.10 17 14 22 32 28 34.80 22.77
Sr 238.64 | 336.88 108 230 495 490 202 210 367.87 97.73
Sc - - 38 44 41 44 40 43 - -
Cr - - 230 310 180 180 600 260 - -
Ni - - 60 59 53 50 85 46 - -
Co - - 45 43 42 40 43 40 - -
Zr 17.66 | 182.90 91 100 52 34 80 70 120.62 91.46
Y 8.01 25.05 39.0 35 24 30 50 64.0 26.52 25.01
Ba 67.94 | 255.75 - - - - - - 316.06 88.90
La 2.45 28.90 3.20 3.98 1.80 0.88 5.34 4.27 17.15 6.08
Ce 3.04 63.16 9.00 10.80 5.10 2.77 12.0 10.30 38.48 7.84
Pr 0.60 7.56 1.40 1.60 0.87 0.53 1.70 1.45 4.81 1.18
Nd 2.96 30.80 8.3 7.9 4.7 3.33 8.9 6.9 23.06 6.41
Sm 0.88 6.18 3.27 2.76 1.93 1.34 3.23 2.14 4.58 2.03
Eu 0.53 1.88 1.23 1.17 0.71 0.73 1.25 1.24 2.41 1.21
Gd 1.43 5.97 4.90 6.10 2.84 3.00 4.30 4.40 6.26 3.34
Tb 0.26 0.86 0.86 0.98 0.54 0.52 0.70 0.69 0.90 0.68
Dy 1.55 5.07 5.8 6.0 34 3.2 4.7 4.5 4.70 4.47
Ho 0.35 0.94 1.30 1.37 0.80 0.77 1.0 1.09 0.90 1.02
Er 0.81 2.64 4.1 4.0 24 24 3.0 3.3 2.26 3.04
Tm 0.17 0.35 0.65 0.59 0.38 0.40 0.48 0.53 0.34 0.49
Yb 0.81 2.45 4.13 3.48 2.30 2.27 2.80 3.21 2.16 3.36
Lu 0.13 0.36 0.70 0.57 0.39 0.42 0.46 0.54 0.24 0.50
Ta 0.07 1.99 0.32 0.20 0.11 0.20 0.0 0.36 1.75 0.31
Th 0.48 4.47 0.35 0.66 0.10 0.20 0.45 0.7 1.66 0.36
Hf 0.64 4.43 2.03 3.13 1.05 0.41 2.0 2.83 2.79 2.71
Nb 0.62 29.79 5.0 - 1.0 - - - 26.70 4.78
U 0.20 1.66 - - - - - - 1.75 0.27

6039 dgdo NeNe 47-84, 57-84, 49-84, 50-84, 58-84, 59-84 osmgdygmos . bodo®osdol o Lbg. (3akapuanze u
ap. 1998) & mBogsb.
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I 969300l 3gBsdobo@dgdo g30@s@gbow dobogdo, go@osmabgdyao, dsenosb dgig-
@omo ©s 063 gblogdom 85d030m eobgdygeo Jobgdos. domo Jodogdo dgoagbogrmds s 09-
30500 9e0gdgbBgool d9diggemdgdo Jmigdygmos bMomgddo 4 ©s 6. o3 Jobgddo 0dgosmdo-
o gergdgbdgdol d9dg9emmdols dobgegom asdmogmess m@o xayno — bo@dymo ©s 53 gang-
396@ 9000 deog® godwo@gdygmo. InEgdgeo sgmes 9R7dbgds 0dgosmdofs gengdgbBgdols
xod9®o d9daggemdols wo (La/Sm), (1.23-5.67) ws ( La/Yb), (0.77-24.60) godomdgdols dmbszg-
d90L. 0dgoomdofs gangdgbBgdol xodo dom bm@dye Lobylbgomdgddo oizgangds 100.66—13349,
bogoem deog®  aodo@gdygemdo o Goaos 554.2. dgBogod®mgddo, bo@dya asoMmgdmab
Ygo®gdom, dmds@goygmos Th s Zr, Goi3 godmobs@gds Th/La (0.19-0.30), Th/Sm (0.68-2.22),
Th/Yb (1.39-8.98) o Zr/Y (3.33-11.22) dobslboomgdgen godomdgodo. Il g96g@si00L dg@odsbodg-
b0 b5 dopbgboydo s domsmmobsdofosbo @ogols Jsbgdos. Ldsogma®sdaby s@0bodbgds
Ba wo Tb wopgdomo dolodydgdo, Sr go@ymgomno dobodydgdo s Nb wswgdomo dobodydo
(Ly®. 6). 390Mmgbgmo s 0dgoomo gangdgb@gdol dgdiggermdom olobo ggbsdedgods 0s3m-
bool bwgol gblosgny® 33bdgmma® goey@o Godol doboen@gol. o3 Jobgddo MORB-msb dg-
050 9600: sdspagdymos AL O3, Ca0 s 0dgosmo s 0dgosmdofs gangdgb@gdols I9d3g9emds;
J9d0Mgogmos - TiO, s MgO; boganm Ta, Lu, Yb, Tm, Er, Py, Tb, Gd, Eu ws Hf dgdg9e0mds -
9OMbS0@00.
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Li DE R;: C;. TII Plb Bla Tlh I.:I NL L|a C:! SI" P:' N(‘i Zlc Slrn Elu C:d 'Irb';i E:y YI' Hlu Elr’ T:'n ‘;b I:uéc ;f Zln (Itu l:diC;r
by, 4. 1 39bg@s300l 3g@odobo@gdol 0dgosmo gangdgb@gdol Lidsogda®sds.
bR obpomBobgdygmo Jmbopdmod by (Taylor, McLennan, 1985).
Fig. 4. Spidergrams of RE in the I generation metabasites. Standardizated to chondrite (Taylor, McLennan, 1985).
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Li KRbCs TIPbBaTh UNbLaCeSr PrNd ZcSmEuGdTbTi Dy Y Ho Er Tm Yb LuSc V. Zn Cu NiCr

by@. 5. 11 g969@o300L 3gBoodsbo@gdols 0dgosmo s 0dgosmdofs gargdgb@gdols
b3sopgta@ods. LEobps@Bobgdymo Jnbodmo@d by (Taylor, McLennan, 1985).
Fig. 4. Spidergrams of RE in the II generation metabasites. Standardizated to chondrite (Taylor, McLennan, 1985).
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agb®ogno 3
IT 296905300 53800meo@ 950l Jodoy@o g gbommds (ds15.%)
Composition of I generation amphibolites (mas. %)

N | sio, | TiO, | ALO; | Fe,0s I\g‘ l\gg Ca0 Ngz K0 | SOy | P05 | 3% | Xy | al
03-53 | 51.37 1.99 14.10 13.64 | 0.27 | 7.52 | 6.62 | 2.41 | 0.67 | 0.34 | 0.16 100.09 35.00 | 0.66
02-22 | 51.72 1.99 17.30 10.03 | 0.36 | 3.62 | 6.02 3.5 0.92 | 0.65 - 98.51 26.00 1.2

abogno 4
I 9g96g@5i00L aod@mgdol Jodogmo dgoagboamds (351.%)
Composition of III generation gabbros (mas. %)

g0 gd. YA ol gdogmsls | goedg@sls gemdolols
Elem. Shrosha Dumala Dedabera Lomisa
Ne 6od. | 01-32 03-44 622 95 54 690 691

SiO, 50.11 48.71 48.03 50.52 50.96 48.96 | 48.82

TiO, 0.98 14.49 0.80 1.31 1.44 1.02 0.88
AlLO; 18.38 16.01 19.42 20.03 15.31 17.05 | 18.44
Fe,0; 10.04 8.73 0.78 6.31 7.12 4.72 4.99

FeO - - 2.48 4.60 6.66 8.10 6.84
MnO 0.18 0.17 0.14 0.19 0.14 0.04 0.03
MgO 5.05 5.03 5.79 2.51 4.42 5.29 5.21

CaO 8.65 8.55 9.17 8.42 8.92 9.86 9.97
Na,O 1.81 3.05 2.0 2.27 2.28 2.28 2.89

K,0 1097 2.09 1.20 1.65 1.09 1.16 0.68

P,0s 0.17 0.36 0.23 - 0.28 - -

SO; - 0.21 - 0.42 - - -

H,0O - - 0.15 0.31 - 0.12 -

) 100.27 | 100.77 99.94 99.49 99.97 99.68 | 99.99

Xue 33.00 36.00 64.00 19.00 24.00 29.00 | 30.00

al’ 1.2 1.2 2.14 1.49 0.84 0.94 1.08

6039 dgdo NeNe622, 95, 54, 69 o 691 smgdyemos J. hobgenodols (Unxemnase, 1998) & mdowsb.
@abGogno 5
IV 296905300 god@mgdols Jodogdo Ygoagbogmds (3sb.%)
Composition of IV generation gabbros (mas. %)
9engd gbgmoxg®ols / Tskhetijvari 29Ol / Gezrula

Ne 4-87 | 73-84 | 03-29 | 02-36 | 03-41 | 01-39 | 24 23 30 26 25 29 33
SiO, | 53.10 | 51.60 | 50.10 | 49.84 | 49.50 | 47.19 | 43.14 | 43.73 | 44.66 | 46.53 | 47.46 | 48.54 | 48.8
TiO, | 094 | 097 | 142 | 096 | 133 1.41 1.54 | 148 | 047 | 0.66 | 0.62 | 022 | 137
ALO | 20.30 | 16.50 | 15.59 | 20.37 | 15.27 | 18.84 | 45.87 | 15.76 | 14.63 | 17.88 | 17.44 | 16.18 | 15.2
Fe,04 - - 11.15 | 6.76 | 10.13 | 10.73 | 097 | 047 | 008 | 2.89 | 228 | 0.85 | 1.85
FeO | 6.00 | 791 - - - - 13.74 | 1472 | 1276 | 7.36 | 8.18 | 8.17 | 8.13
MnO | 0.11 | 015 | 020 | 0.15 | 0.12 | 0.16 | 012 | 0.12 | 0.16 | 0.16 | 0.14 | 0.11 | 0.18
MgO | 400 | 652 | 651 | 458 | 797 | 538 | 930 | 891 | 1459 | 6.06 | 645 | 854 | 837
CaO | 830 | 963 | 854 | 893 | 802 | 814 | 1026 | 992 | 7.22 | 11.76 | 11.91 | 11.10 | 10.3
Na,O | 1.60 | 229 | 3.01 | 2.86 | 3.01 | 2.81 | 2.55 | 247 | 2.79 | 359 | 330 | 3.16 |2.79
KO | 190 | 1.18 | 1.51 197 | 213 | 212 | 087 | 079 | 084 | 1.11 | 089 | 0.84 | 0.79
P,Os | 022 | 024 | 033 | 022 | 0.23 0.3 0.14 | 009 | 023 | 024 | 0.19 | 0.24 | 0.54
SO; | 0.00 | 041 - - - - 020 | 025 | 072 | 0.50 | 040 | 0.55 | 0.55
H,O | 0.00 | 1.65 - - - - 120 | 1.25 | 1.40 | 1.20 | 0.70 | 145 | 0.96

z 99.72 | 99.05 | 100.8 | 96.81 | 100.5 | 99.93 | 99.96 | 99.96 | 99.96 | 99.94 | 99.95 | 99.96 | 99.9
Xme | 40.00 | 45.00 | 37.00 | 40.00 | 44.00 | 33.00 | 39.00 | 37.00 | 53.00 | 37.00 | 38.00 | 48.00 | 45.0
al’ 203 | 1.14 | 088 | 1.79 | 0.84 | 1.17 | 0.66 | 0.65 | 0.53 1.09 | 1.03 | 092 | 0.82

6039 dgdo NeNe 4-87, 73-84 semgdyanos . boJo@osdol s Ubg. (3akapuamze u ap., 1998), boenm NeNe 24,
23, 30, 26, 25, 29 ©o 33 — 3. aodydgaodobs o ©. dgbpgarosl (Famkpemuase, Hlerremna, 2005) 9@ mdowsb.

173




abGogno 6
III o IV 29695006 8g@odobo@gdols 0dgosmo s 0dgosmdofs gengdgb@ gdols

Jodog@o Ygagbognmds (ppm)
Composition of RE of III and IV generation metabasites (ppm)

g ga. I 296953006 3g@odsbo@gdo IV 29690500 g 0dsbo@gdo
Elem. Metabasites of III generation Metabasites of IV generation
dOmdols @edo- | Gogmng- 39b@- 3gbgmoxgdols
Lol @osls @osls

Ne 01-32 | 03-44 54 34-99 01-39 4-87 | 73-84 | 02-36 | 03-29 | 03-41
Mg 335 36.5 - - 334 0.54 | 0.60

Rb 118.66 | 76.12 - 122.38 67.17 - 32 55.74 | 3479 | 62.34
Sr 383.83 | 421.06 - 253.90 467.64 307 212 | 305.82 | 324.17 | 338.48
Ba 291.70 | 679.99 - 1444 653.83 499.04 | 436.06 | 402.61
Sc - - - - - 15 32 - - -
Cr - - - - - 64 330 - - -
Ni - - - - - 24 15 - - -
Co - - - - - 22 31 - - -
Zr 61.50 | 162.61 - 381.60 54.69 120 80 99.87 | 87.10 | 37.78
Y 18.45 | 29.23 - 34.01 26.26 25.0 | 21.0 | 16.73 | 20.46 | 25.51
La 15.63 | 20.38 65 110.72 16.66 17.50 | 7.42 1530 | 12.04 | 16.68
Ce 37.04 | 49.05 54 223.89 53.66 34.00 | 16.40 | 30.73 | 28.40 | 44.30
Pr 4.86 6.62 - 25.65 7.15 410 | 2.10 4.13 3.68 6.26
Nd 22.15 | 28.84 - 85.56 33.16 16.4 9.6 16.35 17.17 | 28.62
Sm 4.95 5.90 33 12.29 6.43 420 | 2.57 2.98 3.77 6.69
Eu 1.07 1.75 23 2.47 1.98 1.20 1.03 1.55 1.52 1.46
Gd 4.45 6.34 - 12.74 6.44 4.50 | 3.00 3.29 4.23 6.47
Tb 0.63 0.96 - 1.49 0.89 0.72 | 0.45 0.61 0.63 0.95
Dy 4.05 5.67 - 7.32 6.02 4.2 2.6 3.40 3.93 5.44
Ho 0.81 1.11 - 1.28 1.17 0.88 | 0.56 0.82 0.78 1.03
Er 2.31 3.13 - 3.29 3.06 2.5 1.4 2.27 2.31 2.78
Tm 0.41 0.45 - 0.44 0.50 0.36 | 0.20 0.29 0.31 0.36
Yb 2.01 2.88 18 3.04 3.24 2.00 1.01 1.99 2.14 2.36
Lu 0.29 0.41 16 0.39 0.38 0.35 | 0.18 0.40 0.33 0.33
Ta 0.44 0.70 - 1.26 0.53 0.49 | 0.31 0.48 0.31 0.33
Th 4.77 4.01 - 27.31 1.07 2.00 1.75 2.32 1.29 1.96
Hf 2.19 3.87 - 8.42 1.94 2.60 1.70 2.41 2.10 1.80
Nb 5.45 10.30 - 20.46 9.96 7.0 8.2 5.12 5.43 5.02
8] 1.47 1.15 - 3.05 0.64 - - 0.66 0.22 1.16

603. NeNe 4-87, 73-84 segdgmos g. bodotosdols (3akapuanse u ap., 1998) demdowsb, beoaom Ne 54
— - Bobgenodols (Huxemunze, 1998) ddmdogsb.

IV 396905300l dg@odobo@gdol Jodoygdo dgoagbogmds ©s 0dgosmo gargdgb@gdols dgd-
(33980mdg60 Jmzgdygmos 3bMoagddo 5 o 6. d. 39bA YL bgmbdol Aod®m YROM gsdwow-
Ggdeos 09300md0Fs g gdgbBgoom, gow®g Lme. 3bgmoxg®ol goddm, @o@ aodmobo@gds
0dgosmdofs gangdgb@gdol «xsdyd s (La/Sm), (1.57-3.23) wo (La/Yb), (3.47-5.19) go@@mdom
d99(33920dgbddo. oo dmaol, slggg s@obodbgds aoblbgoggds d0Mge dgymogligdgano gang-
396900l mobogs®mdgdol goMoszogodo - HE/Sm (0.27-0.80), Ti/Y (0.68-0.88), Ti/P (4.5-9.0),
Ti/Eu (7.74-12.32). Ygmoglgdgeos 30000 oG53m3909b@ o gangdgb@gdols gobsfoengds La/Zr
(0.14-0.44), La/Hf (5.73-9.26), Zr/Y (1.48-5.96), Ti/Zr (0.12-0.47). IV a9b9®5300L dgBsdsbo@gdo
doos@mobsdofosbo Jsbgdos, boam domo dogbgbosgmdols gmgan0309b@o dgosmgdom ©sde-
@oo. obodbym d9Bsdobo@gddo 0dgosmdofs g gdgbBgool xsdo o 0bGgMgomdo godo-
Mol — 8124-140.73. L3s0wgey@dsdodyg smobodbgds Ba wowgdomo dsjlodydo ws Th, Nb, Sr o
Zr pspgdomo dobodydgdo (Lyd. 7). IV a9b@siEool dg@edsbo@gdo 3g@Hmagbyemo, @op®swo-
9losbo @mommgomydo gargdgb@gdols — Rb, Sr, Ba, Zr, Th, U ws 0dgosmo gergdgb@gdol — Co,
Ni dgdg9enmdom dggbsdedgds gbloseny@® jubdymms® gomy®d 300F G doboam@gol.
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beg@. 6. III g9bg0s300L IgBodsboBgdols 0dg0sm0 ©s 0dg0smdofs gargdgb@dgdols Lisowgmy®msds.
bR obpomBobgdygmo Jmbopdmod by (Taylor, McLennan, 1985).
Fig. 6. Spidergrams of RE in the III generation metabasites.
Standardizated to chondrite (Taylor, McLennan, 1985).
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bg@. 7. IV 4969053001 3960d5bo@gdol 0dgosmo s 0dgosmdofs gangdgb@gdol Ldsowg@a@sds.
bR obpo®Bobgoymo Jmbo@od by (Taylor, McLennan, 1985).
Fig.7. Spidergrams of RE in the IV generation metabasites.
Standardizated to chondrite (Taylor, McLennan, 1985).
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©slggbs

dod ol 3@obRsamy@o  dslogol mmbo  agbg@siEool  sandy@olifobs  dg@sdsbo@gdol
332330b ggago0 gomodrgds dgdrgabootag:

1. 3odd@0g@olifobs sbogol I a9bg@siEool dgBodsbo@gddo wowyobos Mo 398MmJodoyd-y9-

mJodoygdo xa9no — 0930030Fs gergdgb@gdom aows@modgdymo s 58539 gegdgb@gdom gsd-
oM 9dgmo. dggLsdsdobo, smbodbymo dg@odsbo@gdo dogsgmgbgds N- s T-MORB-1;

2. 3536@0golfobs slogol II 296905300l g@odobo@gddo godmoymas dg@odsbodgdols sliggy
060 3g3®OmJodoyd-ggmJodog@o xaga0: 1 - 0dgoomdofs gangdgb@gdom dgosmgdom ysdwogw-
Bgde0 s Ygoedmgdom domsmmobsdofosbo s 2 - 0dgosmdofs gergdgbdgdom go@e®modgody-
@o s Lbadygsmmmobodofosbo. olobo dgglodsdgds opsgoms]byd s doogoms]by@ls s
395690L dmdols godwsdsgogm m39569@ dsbogBgol, Gmdmgdoi woz03806go9eos MORB-
0ob. 0395670 Dosgoms]bnd dobog@gdmeb dgemgdom, I ggbgdsiEool gBsdsbo@gdo ao-
©oM0dgdgeos Cal s yodwop®gdymos K0, bogoe MORB-msb dgesdgdom domdo ¢93bodg-
bgenmEss sdomagdygero MnO s K,0 99diggemde;

3. godd@ogeolfobs sbsgol III a9bg@siools dg@edsbodgddoi m@o 39@@mJodoy®-g9mJodoydo
NBYBO ©EA0bes — bo®Iygeo ©s 0dgoomdofs gangdgb@gdom danog® gsdwo®gdyao. olobo
398 MM 9byao, 0dgosmo ©s 0dgosmdofs gergdgbdgool d9di3ggemdols dJobgogom dgglodsdgds
053mb0ols bpgol gblos@y® 39bdymms® s y@o Godol dobom@gdl. o3 Jobgddo MORB-msb
dgo@gdom, odomagdagmos ALO; s CaO-ol o YgdEodgogemos TiO, ©s MgO-ols dg3c-
39e0mds. MORB-ULs o s@bodbygeno a9bg@s3ools dg@sdsbodgodo Ta, Lu, Yb, Tm, Er, Py, Tb, Gd,
Eu s Hf 999339e0mds g@mbso®os, bmam ©sbodbgbo 0dgosmo gengdgb@gdols d9diggeomds
dmdoBgoeos;

4. 353300 sbsgol IV g9b@si300l 3g@adsbodgdo 39@Hmagbymo s op@swoylosbo wo-
0mgo@ydo gegdgbBgdol — Rb, Sr, Ba, Zr, Th, U s 0dg00m0 gangdgb@gdols — Co, Ni d99339-
@eool dobgogom dggbsdsdgds gbbosaad 39bdymms @gomy®d 30ABYAY dobomFgdl.
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The Late Pliensbachian-Early Toarcian Volcanism of the Transalasani Kakheti. K. Aqimidze, Tbilisi
State University, 13 Universitety st., 0186, Georgia, E-mail: karloagimidze@Rambler.ru.

On the Transalasani Kakheti territory within the series of the Lower- Middle Jurassic schists there have been
established three types of volcanic activity; the most significant is the Late Pliensbachian-Early Toarcian basaltic
magmatism. The represented research work is dedicated just to the definition of character of the Late Pliensbachian-
Early Toarcian basaltic volcanism in the Transalasani Kakheti, to the spatial distribution of dyke and effusive facies
and to the establishment of stratigraphic and lithologic boundaries.

MMo3aHemimHcOaxXCKO-paHHeTOApCKHii ByjakaHu3M 3aana3anckoii  Kaxeru. K. Axkummaze. TOunmcckuii
rocyiapcTBeHHbI yHHBepcuTeT uM. WM. [DxaBaxumBuiu. YHuBepcuterckas yia. 13, 0186 . I'pysus, E-mail:
karloagimidze@Rambler.ru.

B HmxHE-cpeqHEIOpCKOi claHIeBol cepum 3aanmazaHcKol KaxeTw BBISIBIEHBI TpW dTama BYJIKaHUYIECKOM
akTHBHOCTH. HanOonee 3HAYNMTENHBIM M3 HHUX SBJSIETCS ITO3IHEIUIMHCOAXCKO-paHHEToapckuil  6a3aibTOBBIM
BYJKaHM3M. B craTbe ompeneneHbl XapakTep IO3IHENIMHCOaXCKO-PaHHETOapCCKOro 0a3aJbTOBOTO BYJIKAHU3MA,
IIPOCTPAHCTBEHHOE pa3MeIIeHHE ero NaikoBod M 3(Qy3uBHBIX ¢auuii , crpaTurpaguyeckue | JUTOJIOTHUECKUE
TPaHUIBl MarMaTu3Ma B PETHOHE. .

Abridged English Version

The lower-middle Jurassic magmatism of the Southern Slope of the Main Range of the Caucasus is
widely represented by both dyke and effusive facies at the headwaters of the Bzipi river in Racha Khevi-
Khevsureti and Transalasani Kakheti problematical is the establishment spatial distribution of the lower
Middle Jurassic magmatism of the Southern Slope of the Greater Caucasus, the determination of
stratigraphic levels and interrelations between effusive and dyke facies. The magmatic complex of the above
mentioned period, represented by dyke and effusive facies in the series of the Southern Slope Middle
Jurassic schists, is most completely manifested in the Transalasani Kakheti area where there are fixed three
stages of magmatic activity.

Among the established three stages the Late Pliensbachian-Early Toarcian basaltic dyke and effusive
complex is most completely represented in the Transalasani Kakheti area. We have been studying this
volcanogenic-sedimentary complex for years applying both, surface observations and borehole researches.
The analysis of the obtained factual material makes it possible to establish lithostratigraphic boundaries of
volcanism, belonging to this stage, and the character of its activity and migration that is of great practical
significance in prognostication of the pyrite mineralization in this region.

Pliensbachian-Toarcian effusive basaltic volcanism, as well as its dyke facies, is represented

uninterruptedly in the southern limb of the Transalazani Kakheti anticline. It is fixed within Kvachadala-
Lamasuri site in the Stori river basin and in the Kabali-Mazimchai interfluve.
Surface geologic observations carried out on the Kvachadala-Lamazuri site showed that the quantity of the
manifested basaltic sheets varies between 3 and 4, the thickness of the volcanogenic-sedimentary bedding
reaches 160-200m, along thestrike it stretches over 3.5 km and in the lithostratigraphic column it is situated
in Late Pliensbachian strata of aleurolite-bearing pelitolites.

In the Stori river gorge the thickness of the Late Pliensbachian-Early Toarcian volcanogenic-
sedimentary complex is about 500m and stretches over 2.5 km. Separate fragments of lava sheets are
exposed in the basin of the Sviana river ravine, a big right tributary of the river Stori as well as in small left
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tributaries of the same river. The principal observations were carried out in the Stori river main bed, on the
Southern limb of the southward overturned anticline where we researched the upper part of the section in the
Nel8/21 structural borehole of 736 m deep. The basaltic complex in the Stori river basin, as in case of the
Kvachadala-Lamazuri site, is manifested only in Late Pliensbachian strata of aleurolite-bearing pellitolites.

The Kabali-Mazimchai Interfluve. The most extended exposures of the Late Pliensbachian-Early

Toarcian volcanism in the Transalasani Kakheti site were fixed in the Kabali-Mazimchai interfluve. On the
Kabali-Ninoskhevi section of this site the main outcrops of the researched complex are overlain by
quarternary deposits and thus we had to apply borehole researches, while in the basins of the Shromiskhevi,
Lagodekhiskhevi and Salesaviskhevi (right tributary of the Mazimchai) rivers the complex exposes on the
surface and accordingly they are investigated by the surface, areal methods. The basaltic submarine
volcanism turned out to be more widespread in the Kabali-Mazimchai interfluve than in the Kvachadala-
Lamazuri site and the Stori river gorge. Besides, magmatic activity continues in the Early Toarcian as well,
the quantity of sheets varies from 1 to 8 and their thickness varies within 3 — 250m. The thickness of
volcanogenic-sedimentary bedding exceeds 500m.
On the Transalasani Kakheti territory the basaltic subvolcanic (dvke) facies is more widespread in
comparison with the effusive one. It spreads as a wide all-Caucasian stripe in the Kaheti anticline axial part
and northern limb while in the southern limb the southern boundary of the dyke facies is distinctly fixed and
coincides with the Kehnamedani deep falt. Its development along the strike has block character: dyke facies
is widespread in the Pankisi suite (the Alasani-Chelta and the Shorokhevi-Mzimchai interfluve) while the
Duruji suite (the Chelti-Shorokhevi interfluve) is practically sterile.

So, the obtained results of the researches show that in the Late Pliensbachian-Early Toarcian epoch on

the Transalasani Kakheti territory there have been distinguished three structural units differing from each
other by activity of basaltic magma. The submeridional boundaries of the mentioned units are fixed by deep
faults of anti-Caucasian strike. We distinguish them as the tectonic-magmatic blocks.
Within the boundaries of the first block (from the lori-ALasani watershed mountain ringe to the meridian of
the river Chelta) dyke facies is manifested all over the area while effusive facies (the Kvachadala-Lamazuri
site and the river Stori basin) is represented by two isolated outcrops. Magmatic activity in this area is
manifested in the upper part of the Late Pliensbachian and its products occur only in the bedded pelitolites
strata of aleurite.

In the Pliensbachian-Toarcian deposits of the second block (the Chelti-Shorokhevi interfuve) neither
dyke nor effusive volcanism has been manifested. This block is free from magmatism.

In the third block (the Shorokhevi-Mazimchai interfluve) the dyke facies is manifested on all over the
area; the effusive one nearly uninterruptedly continuous in the rivers Kabala and Mazimchai interfluve; so,
magmatism starts in the upper part of the Late Pliensbachian and continuous in the Early Toarcian as well.
The products of magmatic activity of this period occur in both, bedded pelitolites strata of aleurite and
flyschoid strata.
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Growth of the Lutetium Oxyorthosilicate Single Crystals Activated with Cerium and Definition of their
Luminescent Properties. A.Mikaberidze, M.Jibladze, Z.Razmadze. Ministry of Education and Science of Georgia.
LEPL Alexandre Janelidze Institute of Geology, 1/9 M.Alexidze str., 0171 Tbilisi, Georgia.

E-mail: amikaberidze@mail.ru

Perspective scintillation materials for nuclear spectrometry (Ylo-radiation detectors) and positron emission
tomography was obtained on the basis of the lutetium oxyorthosilicate single crystals doped with cerium — LSO:Ce.
Growth of single crystals carried out by the vertically and horizontally directed crystallizations (modified Bridgman-
Stockbarger method). LSO:Ce single crystals of various sizes was obtained. Luminescent characteristics of the obtained
samples were studied.

BoIpamuBanue aKTHUBMPOBAHHBIX IlePHEM MOHOKPHCTAJIJIOB OKCHOPTOCHJIMKATOB JIIOTELMs U Onpeaesie-
HHe UX JIOMHHECHEeHTHBIX cBoiicTB. A. Mukadepunze, M. Jl:kubaanse, 3. Pazmanze. MuHICTEpCTBO IPOCBEIIEHUS
u Hayku ['py3zun. IOJIOII Uncturyr reonorun uM. A.Jlxanenunze, Tounmucu 0171, yn. M. Anexcunze, 1/9, E-mail:

amikaberidze@mail.ru

Ha ocHOBE MOHOKPHCTA/UIOB OKCHOPTOCHIIMKATOB JIIOTEHS JISTHPOBAHHOTO LIEpHeM OBUIH ITOTYYeHBI IIepPCIeK-
THUBHBIC CHUHTIUIIMOHHBIE MaTepHaibl ULl SICPHOH CIIEKTPOMETPUH (TETEKTOPHI Y-M3Iy4eHUs) U IO3UTPOHHOM
SMHUCCHOHHOW TOMOrpaduu. MoHOKpHCTaIUIBl ObUIM BBIpAIIEHbl METOAAMH BEPTUKAJIBHO M TOPU30HTAIBHO HArpas-
JICHHOH KpucTayuu3auuu (MoguduuupoBaHubiii Meton bpumxmena-Ctokbaprepa). beuin moay4eHsl MOHOKPHCTAILIBL
LSO:Ce pasnoro pa3mepa. M3y4eHbl IIOMUHECIIEHTHBIE CBOMCTBA MTOJy4€HHBIX 00pa3IioB.

Abridged English Version

Perspective scintillation materials for nuclear spectrometry (Yo-radiation detectors) and positron
emission tomography were obtained on the basis of the lutetium oxyorthosilicate single crystals doped with
cerium - LSO:Ce. The most common method for growing crystals of high-melting-point oxide materials is
the Czochralski technique. In our case growth of LSO:Ce single crystals was carried out by the vertically and
horizontally directed crystallizations (modified Stockbarger-Bridgman method) from the melt, at the 2050
°C melting temperature and in the 0.8 N,+0.2 He atmosphere conditions. The raw materials were high purity
oxides of lutetium, silicium and cerium.

To determine optimal conditions of LSO:Ce single crystal growth the following parameters were
modified: Ce - from 0.1 to 0.25 weight percent; homogenization time from 5 to 8 hours; growth speed - from
0.5 to 2.4 mm/hour; temperature gradient - from 20 to 80 °C/cm; gas pressure - from 1.15 to 1.25 10’ Pa.

Dependence of the single crystal quality from growth speed and temperature gradient has shown that
more perfect crystals were obtained in the range of growth speed of 0.6-1.6 mm/h and as the temperature
gradient increased the internal stress of growing crystal also increased but decreased number of captured
admixtures. LSO:Ce single crystals up to 10x10x10 mm’ were obtained.

Emission on wavelength of 400 nm of crystals after x-ray and UV irradiation was studied. Differences
only in intensity were shown in such spectra (i.e. radioluminescence and photoluminescence spectra).

Luminescence studies on various samples have shown that difference of Ce’" emission and excitation
spectra for high quality samples is small but for samples with defect high concentration it is more expressed.

X-ray exited Lu,,Ce,SiOs crystal luminescence intensity dependence on cerium concentration shows
maximum for concentrations of x=0.2-0.25 weight %. Farther increase of concentration causes decrease of
luminescence intensity due to concentration quenching of luminescence.

Luminescence intensity is decreased as sample thickness increase. The curve width is decreased too,
particularly, the short wavelength part of the curve shifts to the long wavelength direction. Shift of long
wavelength part of the curve to right is insignificant.

It must be noticed, that our results are coincided with results obtained for LSO:Ce crystals grown by
Czochralski technique.
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Petrochemistry and Geochemistry of Klich Gabbro-dioritic Orthogneisses (The Greater Caucasus).
Q.Vardanashvili, N.Maisuradze. Ministry of Education and Science of Georgia, LEPL Alexandre Janelidze Institute
of Geology, 1/9 M. Alexidze str., 0171 Tbilisi, Georgia. E-mail: gristinav@yahoo.com

The composition of the Klich intrusive varies from gabbro-diorites to quartz-diorites and corresponds to weakly
differentiated low potassium series; it is characterized by low K,O\Na,O ratios. According to some features the
intrusive is formed at a little depth, in the ensimatic zone of the fold systems of the lithosphere, but by other features it
is formed in the upper part of the depleted mantle.

Ietpo- u reoxumus ra6opo-guoputoBbix oproruencos p. Kiasru (boasmoii KaBka3z). K. I'. Bapaanam-
Buan, H.U. Maucypanze. MunncrepctBo mpocBemenuss u Hayku [ pysum, FOJIOII HuctuTyr reomormu mm. A.
Jxanemuze, Toumucu 0171, yn. M. Anekcunze, 1/9. E-mail: gristinav@yahoo.com

CocraB Kibluckoro MHTpy3HBa MEHSETCS OT rabOpo-AnopHTa 0 KBapleBOro THOPUTA U COOTBETCTBYET CIabo-
U PepeHINPOBAHHOM, HU3KOKAINEBON Cepuu, Xapakrepesyercss HU3kuM cooTHomenueM K,0\Na,O. [To HekoTOpbIM
IpU3HAKaM MHTPY3UB (HOPMHUpOBAJCS HAa MAJOH INTyOHHE B SHCHUMATHYECKOH 30HE CKIAIYATBIX CHCTEM JIUTOCQEPHI, a
JIPYTUMU TIPU3HAKAMH - B BEpXHEH 4acTH JIETNICTUPOBAHHON MaHTHH.

Abridged English Version

The Klich gabbro-dioritic intrusive participates in the make-up of the crystalline core of the Greater
Caucasus and is exposed in the limits of the Pass subzone of the Main Range zone. The exposure of the
intrusive is fixed in the eastern part of mountainous Apkhazeti, in headwaters of the river Kodori, covering
about 10km® (Fig.1). According to different authors the intrusive is represented by “eye-shaped” biotite-
hornblende bearing and biotitic orthogneisses (Somin, 1971), or by gabbros and gabbrodioritic orthogneisses
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(Javakhishvili, 1979). According to our data, the most widespread among the rocks composing the Klich
intrusive are hornblende bearing and weakly biotitized gneissose diorites, and relatively less spread are their
last marginal members — gabbros and especially quartz-diorites. The rocks including the intrusive are
represented by the rocks of Gwandra suite of Buulgen series, which underwent regional metamorphism
corresponding to the staurolite facies connected with the Late Baikalian orogenic cycle. In the Late Paleozoic
time, the Gwandra suite rocks together with the rocks composing the Klich intrusive, underwent prograde
regional metamorphism connected with the Bretonian phase of the Variscan orogeny, which corresponds to
the andalusite-sillimanite pressure type and temperature conditions of biotite-muscovite bearing gneissic
facies (Shengelia, Ketskhoveli, 1982; Shengelia, 2000). Moreover, in the contact zone of the Klich intrusive
and the enclosing metapelitic crystalline schist the products of contact metamorphism, massive metamorphic
rocks - felses are spread. U-Pb zircon age of quartz-dioritic orthogneisses yielded 320 Ma (Bibikova et al.,
1991). M.Somin considers this age to be the age of crystallization of magmatic protolith of orthogneisses
(Petrology of Metamorphic..., 1991) and thinks that the formation of the Klich intrusive formed during the
Sudetian orogy. According to this author, the Klich orthogneisses are of mantle origin. I.Gamkrelidze and
D.Shengelia connect forming of the Klich intrusive with the beginning of the Bretonian phase.

As mentioned above, Klich gabbrodioritic intrusive is more or less studied, but from the petrochemical
and geochemical viewpoint, it required further researches. Below are given recent data obtained by the
authors of the paper; based on these and already existing data diagrams (Fig. 1, 2, 3, 4, 5, 6, 7, 8 and 9) are
drawn and done their interpretations.

According to K,0/Na,O — SiO, diagram (Fig. 2) figurative points of the Klich gabbro-dioritic intrusive
are disposed in Na-, K-Na- and Na-MORB series. In FeO"/MgO-SiO, and AFM diagrams (Fig. 3) they
occupy the calc-alkaline and tholeiitic fields, but in Na,O+ K,0- SiO, diagram (Fig. 4) they correspond to
the calc-alkaline series only.

According to ACM and AFM binary diagram (Fig. 5) figurative points of the studied rocks arranged
predominantly near the fields of MAR and basic cumulates and in Ti/Cr-Ni diagrams they occupy a IAT
field (Fig. 6).

In Ce/Pb-Ce, Sm/Yb-Ce/Sm diagrams the figurative points indicating the rocks composing the Klich
intrusive occupied the MORB, IOB and MORB+IOB fields. According to Th/Y-Nb/Y, Th/Yb — Ta/Yb
and La/Nb-Ti diagrams their content corresponds to the MORB. In the Th/Yb—Nb/Yb diagram the points are
distributed in the area of the depleted mantle, but in the Rb/Y-Nb/Y diagram they correspond to the middle
and lower crust formations (see Fig. 9).

Spider diagrams of the Klich gabbrodioritic intrusive rocks are characterized by low angle of
inclination and positive Eu minima (Fig.10) that is indicative of typical mid-acidic rocks.

Thus, from petrochemical and geochemical study of the Klich gabbrodiorite gneisses it has been established
that composition of the intrusive:

1. varies between gabbrodiorites and quartz diorites;

2. corresponds to weakly differentiated low potassium series:

3. is characterized by low ratio of K,0/Na,O.

It should be noted that, according to some features the intrusive belongs to the shallow magmatic
chambers being formed in the ensimatic zone of lithosphere fold systems, but by other signs they are similar
to the magmatites generated in the upper part of the depleted mantle.

00hols 56Mm-om@od o 0bG@Ybogo dmbsfogmdls 3ogzolombols 3@ol@omado yvy-
ol 53909 gdsdo s Jodgengds Jmogedo Jgool bmbols Loygwga@gbogem Jggbmbol god-
3 98do.  0b6dOPbogol  aodmbsogoemo  sgolodgdoygmos dJmosbo sgbsbgmols s@dmbogengm
6ofoe@o, . JOEE@0lL bomogggddo, wosbemgdom 10 33-by (6sb.1). Lbgowolbgs sgdm@ol
dobggom, 0bBOYbogo Fomdmswygbogos “mngsmolgd®o” dom@od-Ods@yns®osbo ©s dom@o-
B05bo  mAmmabgoligdbom (Comun, 1971), o6 god®mgdomn ©s A30GM-omGoFYmo gbgolgdom
(Mxapaxumsuin, 1970). Hggbo 8mbsigdgdom, geobol 0bB®ybogol dgdowygbgen Jobgdl dm@ols

43905y GoMmmm 253039209000 Lodygdemol GJs@ygemosbo s LybRsw asdom@odgoygeo
©5690L9dyamo  omMoGgdo, boam Ygos@gdom ©sIdmdho gdya  Aomegbmdomss oM (39

* Analytic definition of RE and REE was performed in NERC ICP-MS laboratory of Kingston University (UK) and
Earth Science Department of National Taiwan University.
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9390 domo 930090 9Lo FoMmdmdomagbagdo — god®mgdo s, goblogym@gdom, 3goMG0sbo
©0mM0HJo0. 0bGOYbogol dgdizog Jobgdl Fo®ddmswagbl dguaaqgbols Ly@ool ggsbo@ol §yg-
b0l Jobgdo, GMImgdds sMgds@gmbmy® ©AMmTo aoboEs®s 23056b50 359 M@ MYgbeya
(3OgEmsb s 353dodgdyeno  LEsgOmmodgdo goioglbol dgbsdsdobo @gyombyemo dg@odme-
0bdo. 2g00b3ogmbmY® AMTo agob@ol Fygool Jobgdds, 439 gerobol 0bB@Ybogol
‘dg8o0039b9e0  Jobgdmob gMmow, gobozoms gomoliggmo mMmygbgbol ddg@mbya mOMmEsbsl-
0ob 0535390900 3OMmy@sgmo  @gaombymo  IgBsdm@gobdo, GmIgmoi dgglodsdyds
>bs@bo@d-Logodsbodyd dodge Fodl ©s dom@o@osb-3yglgmgoBosbo gbgolgdol gozogbol
(9939058 e J06mdgdls (lenremna, Kenxosenn, 1982; llenremua, 2000). gods sdobs, jaoo-
hol 0b@@ygbogols s Ygdg9ero IgBo3gerody@o gOob@ogy®o goJergdol dgbgool bmbsTdo
>0060dbgds  JmbEoJB Y0 33BodmMBobIol 3hmeyJdol, doboydo g@edm@gymmo Jobgdol —
B2 Lol 3o5MGgEgOo.

335030060 oM@ Yo MmOMMmabolgdo womsHomgdygmos 300 3mbgdols dobgwgomn (U-
Pl 3gmm@o) ©s domgdyeos jmbgm@esb@yamo sbsjo 320 danb. Fgeno (bubukosa u ap., 1991). o9
sbsgl doohbggl 3.Lmdobo mGmmabgolgdols dogdymdo 3GmGm@omol 3@GolGomobsEool sbsgew
(ITerpomoruss MmeTamMopduueckux..., 1991) s ogaol, @md jaobol 0bB@Oybogols hodmyseodgds
5bsmEgdol Lyogdydo m@mgsbobol  mobsp®dmygeos. odsgg og@dmaol  sbGom, geohols
OMMYbgolgdo dob@oy®o Fo@mImdmdoliss. g. godydgeodols s ©. dgbygmosls (Famkpenuase,
lenremna, 2005) dobgogom, jeobol 0bd@ybogol gm®@dodgds gzo5d00©gds  @obsmd gdols
593 mbyen Boboll slofyoll.

Omama3 bgdmm s30wbodbgm, gerobol god@m—om@o@ o 0b@®ybogo IgB-bsengdow
gL ogemoamos, dopa@ed 3gB@mJodoy®o s ggmdodogdo  mgs@bsb@olon opo @sdsGgdom
‘331}%’03@0’}5 Loko®mgdes. Jgg8mm dmygboemos sg@m@ms dogd dowgdgmo sbogno dmbsigdgdo
(GbM. 1-2)" o o3 o 9339 >OLgdyero Iobogol Logydgenby opgdgmo osp®sdgoo (by@. 1,
2,3, 4,5 6,7, 8 > 9) 5 domo 0bBgd3dg®o3os.

Omamei  KyO/Na,O — Si0; wosp@sdosb hobl (by@. 2) gevobols god®m-om@od o
06@®9bogols o>mdbodgbgmo Foau@s@ o FgoGomagdo Na-, K-Na- s Na -MORB Lg®ogddo
aobaogs. FeO/MgO-Si0, s AFM ©0s305353%g (L@, 3) obobo jod-GuBg ©> Goegod
390 96do mogbegds, bmenm Na,0+K,0- Si0; @oog@sdaby (Ly®. 4) — dbmame  300-89dg
Lg@osl dgglodedgds.

ACM s AFM 0®dop woogy@sdoby (bygd. 5) dglfogerogo Jobgdol goguds@ymo §go-
Bomgdo doGomss MAR-ol s g9dg 39dgms@godol ggangdols dobenmdms®  asbsys,
Ti/Cr-Ni osp@s3obg 3o —IAT -0l ggando (Ly@. 6). TiO,-Ky,0 s TiOz—FeO*/MgO ©0oaM5d9d01
dobgogoo (Ly@. 7, 8), gemobol gsd@m-om@odgao 0bG®bogol dgwygboemmds 39bdyemms
3o gdol doboam@gol 93sbygbgdl.

Ce/Pb-Ce, Sm/yb-Ce/Sm, Nb/Th-Nb osp®sdgdols dobgogom gerobol 0b@@gbogol odg60
Jobgdol 5mdbodgbgmo gy ydsGymo FgdEoengdo MORB, IOB s MORB+OIB g9angddo a56-
mogls. Th/Y —Nb/Y, Th/Yb-Ta/Yb o La/Nb-Ti wospg®edgool dobgogom jo domo dgoygbognmds
‘dggbododgds MORB. Th/Yb-Nb/Yb wosp®adsby §gd@ogmgdo wgdemgBodgdgamo dsb@ols ggendo
aobeogs, bmenem Rb/Y-Nb/Y dobgogom go — g0 o Jggos  Jgd e Fo@dmbs]dbgdls
935L9bgdl, (ob. Ly@. 9).

30bols 350MM-om@odmo 0bGGYbYmo Jobgdol UL3sogha®sdgdo bobosmpgds ©sb-
@0l 93009 ggombon s wogdomo Eu-ols 80b0dydgoomn (Lyd. 10), @oi @odogdo Lodygsmm
dg03056md0l Jobgdolbmgolss odsbabosmgdgeno.

sdagoMo©, ganohol  gsdb®Mm-om@o@geo  mGOmmybgoligdol 3g@GmJodoydo ©s agmdo-
dogdo dgbFoganol Ygogase ©yobogds, ™I 06@MYbogol dgwagbogmds:

L 39049gmdl go00m-@om®o@gdls o 33503056 @om®o@dgol dmdol;
2. ggbododgds bLyl@omeongmgbzo®gdym ©sdsg gsemoydosh Lgdosl;
3. bolosmegds KoO/Na,O @odsgro dggemogdom;

o>mbobodbogos sp®gmgg, @md Goao bodbom 0bG@Ybogo Joginmgbgds IzoMglom@dye
dogdn@ 39M90L, GMdgems Bm@doMgds begds @ommlggOml bomds LoliGgdgdol 9blods@
bmbsdo, bmanm Ubgs bodbgdom opo dbgoglos ©g3mg@dodgdygeo dsbBool bgws bofogndo

396900 9d9a0 doadsBo@gdols.
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by@. L goggolbombol  dmogodo Jgwob ULgds@ydo agmmmyoydo Gyz0l goadgbdo (. kodobsdols
3°dm9J39969d 9200 dmbs399950L Jobggom ©s 3B MMl odsdgdom)

I=msbodgrdmgg dgobgsmgdo s dgmmbggmo boargdgoo; 2—Jgosoydygmo mobs-goamgdo s J30dsdgg-
305 3-6 — bgEsdom gmbmydsdwgmo dg@edm@gygamo 3mddmgdlol dygmagbols Lygdos: 3—Lolobols Fygos,
4—3e0hols ygoo, 5—3obp@ol {ygos; 6—o0oedybol Jggbmbol 0bg@sbd®yddy®ol dogds@odgdo; dop-
d9@o  Jobgdo: T=F950G o ©0odsbgdo o  ©0sdsb-3mMmRBoMoBgdo;  gosbgedoligygmo 33w gJLo:
&—m@ Jodbosbo s domBoBosbo a®sboBgdo; 9-3mogoma®sbodgdo; 10-dom@BoBosbo s dom@BoBosb-Gs-
BYPoM0560 335M(30560 OMAORJS0, 3o 0ma@Mobo@Ggoo, eoqoma®obmom®o@gdo; 11—3amohols asd@m-
©EomA0R o MmAOMMmabgolgdo (o®gddgBmbymo?); 12—TgamEgds, 13—-6Omg93960, 14—]Jobgdols Fmanols
993966 gd0-

abGogno 1

geobol 06@BYbogol aod@m—wom@odgmo m@nmabgolgdols
Jodoydo dgoagbogrmds (3s1.%-do)

N SiO, TiO, Al ,03 Fe O MnO MgO CaO Na,O K,O P,Os5 TOTAL
K-2 54.87 1.1 16.92 9.91 0.15 4.46 5.67 2.31 2.51 0.64 98.56
K-13 | 57.59 | 0.86 1717 6.66 0.10 3.80 5.84 2.04 3.84 0.19 98.96
K-14 | 49.75 1.1 20.57 9.80 0.14 5.02 8.50 3.12 0.69 0.27 98.96
K-20 | 56.97 1.05 17.53 9.32 0.15 3.80 6.43 2.45 1.40 0.26 99.96
515 48.55 | 0.21 | 20.19 | 5.29 0.09 8.26 | 14.38 | 1.52 0.21 0.02 100.32
527 49,60 1,02 20,74 891 0,10 5,10 9,45 2,60 0,45 0,25 99,50
529 49,50 1,20 18,02 11.73 0,14 6,80 8,30 2,10 0,50 0,17 99,71
530 54,05 1,05 19,05 8.54 0,10 4,05 8,40 2,60 0,60 0,16 99,60
531 57,40 0,85 17,85 6.98 0,07 3,60 7,30 3,00 1,20 0,16 99,68
532 58.60 0.9 17.0 720 0.07 3.50 7.30 2.70 0.70 0.15 99.82
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0dgoomo g 9dgbBgdol VgdEggeemos (ppm) gerobols

30O M-0MA0G Y MmOMMYbgolgddo

N K-2 K-13 K-14 K-20 515
P 2809 985 1304 1265 1591
Sc 24.9 20.2 22.7 31.5 24.8
Ti 6703 5330 6598 6179 1300
A% 87.0 103 160 120 118
Cr 75.0 298.3 66.1 30.2 117.3
Mn 1165 826 1047 1103 1035
Co 23.6 20.1 27.3 24.3 23.8
Ni 22.1 454 20.6 13.5 25.4
Cu 6.71 13.8 9.32 31.6 15.35
Zn 128 88.4 120 109 111
Ga 20.1 19.9 22.9 21.1 21
Ge 1.17 0.850 1.15 1.13 1.07
As 0.656 2.01 0.574 0.605 | 0.961
Se 0.0498 0.0396 0.0340 0.0483 | 0.0428
Rb 92.7 170 13.7 62.5 6.88
Sr 323 265 546 313 368
Y 7.34 26.8 13.5 16.1 5.22
Zr 152 163 142 223 | 21.98
Nb 9.47 9.53 5.90 8.62 0.57
Mo — — — — —
Ag 0.0603 0.0693 0.0572 0.0773 | 0.0665
Cd 0.0607 0.0596 0.0560 0.0625 | 0.0592
Sn — 2.52 0.120 0.173 0.702
Sb 0.260 0.280 0.170 0.0992 | 0.0673
Te 0.0046 0.0067 0.0033 0.0045 | 0.0048
Cs 0.779 0.364 0.214 0.763 0.53
Ba 1153 1062 248 687 | 48.91
La 20.9 20.2 12.2 14.9 2.98
Ce 45.6 46.4 27.5 333 4.55
Pr 5.86 6.30 3.89 4.53 0.72
Nd 23.0 26.0 17.3 19.0 2.83
Sm 3.95 5.83 3.97 4.09 0.63
Eu 1.50 1.40 1.46 1.31 0.45
Eu 1.77 1.61 1.55 1.466 0.47
Gd 3.52 5.72 3.71 3.98 0.85
Tb 0.330 0.800 0.478 0.524 0.18
Gd 2.75 5.38 3.59 3.76 0.89
Dy 1.45 4.84 2.73 3.05 0.98
Ho 0.249 1.01 0.537 0.621 0.23
Er 0.662 2.67 1.35 1.56 0.63
Tm 0.0860 0.382 0.189 0.219 0.08
Yb 0.575 2.41 1.14 1.37 0.57
Lu 0.0901 0.354 0.168 0.203 0.09
Hf 3.74 4.38 3.57 4.88 0.18
Ta 0.0101 0.0172 0.0076 0.0097 0.09
W 0.135 0.441 0.220 0.142 | 0.234
Tl 1.40 3.29 0.193 0.977 1.465
Pb 4.01 15.2 5.00 4.84 7.26
Th 0.633 1.16 0.219 0.298 0.22

196

@abGogao 2



U | 0278 0443] 0151 0220] 0.09

K»Q / Na,0
20/ Nay "
25 —==
B K K- Na
B ®
0 e — = — ———— — = —
K — Na ®
@
-MORB ,
g25 5.'\1}. _—
oy :
45 55 65

@, 2. genobols 256@m-om@o@ o mGmemybgolgdol s@dbodgbgaro goay@ds@ymo Fgm@ogmgdols
aobemsggds K,0/Na,O — Si0;  wospdsdby
390®mJodogdo bg@Hogodo: Na- bo@@ogdosbo, Na-MORB — dom ggobydo Jgwogdol bos@@oydosbo,
K-Na—jo@no-bs@@ogdosbo, K-joeoydosbo; 396J@odom bohiggbgdos dmbsbwgdg bobgdols
dobognmebyamo dpgdbs®gmds (O.A. boratuxos u ap. 1987).

Fe0’/Mg0

1
50 55 60 50y Mac%

beg@. 3. 3aoobol 06@@gbogol god@m-Eom@o@Gymo mGnmabgobgdols smdbodgbgamo goay
@@ amo Fa@@omgdol gobmsggds FeO'/Mg-SiO, (Miyashiro, 1974) s AFM
(Konmman,1979) woog@sdgdbyg; T- oma@godg@o dobom@goo; U-3008 9@ dobogn-
Bagdo.
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Na,0+K,0 mac. %
@® 9 OO 0 &~ W N s

bg@. 4. ganobol 2od@m-Eom®@ o mOmmybgolgdol smbodbymo goayds@ymo Fgd@oemgdols
3obansygds K,0+Na,0 — Si0;  oog®sdsby. bgdogdo: I — Gmegodygeo, II — j0@-d9dg.
(Konmawn, 1979).

A [|0| Pto

BETHHE DA
B S0

MBS0 ]F

i ﬁ;’:ﬁ;’n_ BOSSIMAEBOBOAI IR0
/ e ——— SANECHS S0
Cad Na2,0+4K:0 MgO MgO

@, 5. ganobol asd@m-om@od o menmybgolgdol s>@dbodgbgmo goyyn@s@ygmo §gh@omgdols
3obesggos ACM s AFM posp®sdgdbg (Komman,1979).
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by@. 6. IAT - 39bdgamns®goemdo ©s MORB - dgomggobygdo Jgogdol dsbom@gdols
Ti/Cr — Ni wospa®sds (Beccaluva et al., 1983).

by, 7. genobols god@m-pomGodgamo m@mymbgoligdol s@dbodgbgemo goag@s@garo
F90doegdol gobemopgds TiO—K,0 wosp@odaby I — 39bdgemmsgomydo dsboan@gdo; 11
— Fgomggebydo Jgogdol bo@dsgy@o Gmengo@y@o dobom@gdo; I — Dygomggobygdo
Jogdol godoE@gdygemo dsbom@goo; IV — dowsgomsdby@o dobom@goo; V. — 3546950l
>JBogobszool bmbgdol dsbom@gdo. (MuporoB ).
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6. 350LIMSII, d. 30306599

LoJommggemlb asbosmamgdols o dg3bogdgdols bsdobol@®mm., Llod se. xobgaradols 29M@ M 00l
060G YH0. mdognolo 0171, d.oengdlodols 1/9. gen-gmb@e: Nik.mais@yahoo.co

xomghos@ol  @Js@ygomosbo asd@mopymo 0bB®gbogol 39@®mygmdodoydo  dobslbosmgdangdo
Yom 3956900 Jgogdol dsbog@gdls (MORB) dggliodsdgds. godmmJdynmos dmbobmgds, @md 0bG@ybo-

3oL 3@mAmEonol agbgdodmgds dmbps ©gd3mg@odgdoyga dsbBosdo Lgdeyaomgdgmo Fymom dpowsto
MORB-0l Jobmo gn@mdols badxby.

Petro-geochemical Characteristics of Jalovchat Gabbroid Intrusive (The Caucasus). N. Maisuradze, G. Chichi-
nadze. Ministry of Education and Science of Georgia, LEPL Alexandre Janelidze Institute of Geology, 1/9 M.
Alexidze str., 0171 Tbilisi, Georgia. E-mail: Nik.mais@yahoo.co

Petro-geochemical characteristics of the Jalovchat hornblende gabbroid intrusive corresponds to the basalts of
mid-oceanic ridges (MORB). There is suggested, that the intrusion protolith generation took place at the expense of the
subducted, water rich MORB type rock melt in the depleted mantle.

IleTporeoxumuyeckne xapakTepucTuku radopounos /xamoBuarckoro nurpy3usa (Kaska3z). H. Maucy-
panze, I'. Ynunnanze. MunncrepctBo npocBenienns u Hayku [ pysuu, FOJIOII Uncturyr reonornm M. A. J[xane-
manze, Towmucu 0171, yn. M. Anekcuaze, 1/9. Nik.mais@yahoo.co

[erporeoxuMuyeckue mapaMmeTpsl pOroBOOOMaHKOBBIX rab0pou10B J[)aJoB4aTCKOro HHTPY3UBa COOTBETCTBY-
10T 0a3zanpTaM CpeJIMHHO-OKEaHCKUX XpeOTOB. BrickaspiBaeTcs MHEHHE, 4TO (POPMHUPOBAHHME IPOTOJIHMTA MHTPY3HBa
IIPOU3OIILIO 32 CUET IUIaBJICHHUS CyOIyIMPOBAaHHEIX B IEIUICTHPOBAHHON MaHTHHM OoraThix Bonoi mopon (MORB).

Abridged English Version

The Jalovchat gabbroid intrusive is exposed on the northern and southern slopes of the axial part of the
Greater Caucasus Main range, on about 25km” area. It predominantly comprises hornblende gabbro, gabbro-
norites and norites. In the intrusive vein bodies of gabbro-pegmatites, anorthosites and micro-gabbro of low
thickness are widespread (Fig. 1-2). Most remarkable are the veins of gabbro-pegmatites with the gigantic
hornblende crystals; in length they often exceed 0.5m (Fig.3).

Amphiboles, according to the data of Woolley’s diagnostic diagram (Woolley et al., 1997) correspond

to magnesiohastingsite and magnesiohornblende (Fig. 4). In hastingsite and hornblende has been increased
Mg content, where it substitutes Fe** through isovalent isomorphism.
The Jalovchat gabbroid intrusive has no analog neither in the Main Range zone of the Greater Caucasus nor
in the Caucasia overall. Despite this fact, it is still insufficiently studied from the petrologic and geochemical
viewpoint. It is suggested that the Jalovchat intrusive was formed in deep horizons of the crust as a result of
crystallization of water-saturated Bajocian basalt magma (Chichinadze, 1977).

On AMF and Na,0+K diagrams (Fig. 5) most of the points are in the field of tholeiitic basalts or close
to it.

Only one of the studied samples gets into the field of calc-alkali basalts. This sample was obtained in
direct contact with xenolith of metapelitic composition, apparently causing its aberrant behavior on the
diagram. Moreover, this sample is an exception in case of other diagrams as well.

According to ACM-AMF double diagram (Fig.6) the samples distributed in the fields of mid-oceanic
ridges and alkali cumulates.

In TiO,/FeO+Fe,0s, Zr/Y-Zr and Ti-Cr/Ni diagrams and Ti-Cr-Y triangular diagram figurative points
are arranged in the fields of island-arc and mid-oceanic basalts or along the trends reflecting mid-oceanic
ridges or island arcs (Fig. 7).

In K,O/ TiO, diagram (Fig. 8) figurative points occupy the fields of normal and enriched type mid-
oceanic ridges.

According to Th/Nb/Y ratio the Jalovchat intrusive corresponds to the field of depleted mantle, but by
Sm/Y-Ce/Sm - to the MORB area.
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Th/Y and Nb/Y ratios correspond to the MORB composition, Th/Yb-Ta/Yb and La/Nb-Ti ratios - to
N MORB, and Rb/Y and N/Y correspond to the lower crust formations. Exceptional are Ce/Pb-Ce and
Nb/Th-Nb diagrams, where the figurative points occupy the area of primitive mantle (Fig. 9).

Spidergrams are characterized by almost horizontal trend, weakly expressed Eu minimums and by a
slight depletion of light REE (Fig. 10).

Similar Spidergrams, according to S. Taylor and S.McLennan (1988) are characteristic of typical
tholeiitic basalts. For comparison, we are adducing the spidergrams for the Archaic tholeiitic basalts
published by these authors. In comparison to MORB spidergrams they are characterized by depletion of light
REE. Their correlation to the spidergrams of Jalovchat intrusive proves that they are more depleted. The
above cited points to the gradual depletion of mantle with the above-mentioned elements in geological time.

The represented RE and REE diagrams reveal unexpected regularity. In particular perto-geochemical
characteristics of Jalovchat gabbroid intrusive predominantly correspond to MORB — i.e. to basalt formations
of mid-oceanic ridges. At first sight, it is an anomalous phenomenon, since in a well-known “ophiolitic”
section — pillow lavas, parallel dikes, normal and cumulate gabbros and in the subjacent ultrabasites,
magmatic formations represented mainly by huge prismatic hornblende-bearing gabbros and gabbro-
pegmatites are not fixed.

On the basis of petro-mineralogic and petro-geochemical data analysis, we propose the following
pattern of Jalovchat intrusive formation: the intrusive belongs to the subduction geodynamic type. In the
depleted mantle has subducted the MORB rock system, which as is known is rich in water. In the magmatic
chamber for the development of hornblende and especially for its gigantic crystals is necessary presence of
water-rich reservoir, conditioned with melting of the subducted MORB rocks (pic.11).

Our point of view is adduced schematically in future there should be carried out isotope study of
Jalovchat intrusive.

xogmghsBol god@moymo 0bd@Ybogo aododgangdymos gogiolbombols dmsgado Jgools
@I bsfomol hOpomm ©s LodbGgn @ghegdby osbmmgdom 25 3# goGmmdby. ol
430058 gboe  FoMdmpagboaos @ Jo@dyys®osbo  god@mgdom, sbggg O Jo@yyscosbo oo M-
bem®oBgoomn s bmdodgdom. 0bd®Pbogdo Godmme sl gobgomedgdygmo dzody Lodd-
@300l 2580Mm-393350@gd0l, 5bm@nmboGgdol ©s dojhm-god®mgdols dsdmgymo Lbgymgdo
(bey@. 1-2).
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bg@. 1 sbo@mmboBgdo xommghs@ol godb@dmo e L. 2. Bog@masddmlb oo go.
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256 g9m@ 9300 smbsbodbogos Aod®m-39ad5Godgdols doMmmggoo MJsdyns®ols doysobd -
M0 JOobEosagbom, Gmdgems Loaddg bogxgd 0.5 9@l swgds@gds (Ly®.3)
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L@, 3 40d0m-3939900H0- OJodynomol goasbGy®o gOobRsmgdo
>bm@mmbo@ g dsbsdo

Jagdmm dmEgdgmos sbogno 3g@GmagmJodogdo dmbsgdgdo 0bB®ybogol dgdowygbgeno
Jobgdosb (gbo. 1-2).

599306mem gd0, 5.89@ol 0s53bmLG0gYM0 ©osy®dsdols dmbsigdgdom (Alan R. Woolley at.all,
1997) do2b6gbomdsbBobalogls s dogbgbom@ds@yysdslt 93sbygbgdls (Lyd. 4)

3obBobglogls s  @OJo@gngemsdo, ImIs@gdgmos  Mg-ob  @omegbmds  Lowsx ol
56535 g3l Fe*'-l 0bmgomgb@u@o 0bmdm@gobdols gboom.

xogmghsBol goddmym 0bd®ybogl sbosgmyo o@ goshbos s@s dbmenme  3oggobombols
dmogoMo Jgool bmbodo, o@sdge LogMomme goggolbosdo. dogbgosgem sdolbs, opo 39@@M-39m-
Jodog@s o s@ol Lomsbospme dglfsgamomo. gsdmmdgmos dmbsb@gods, MM xommghs@ols
063 H9bogol m@dodmgds bpgdmws JghJol @w@ds 3n@obmbddo Fymom dpowsdo dsombydo
doboan@a@o doadol g@obFsmobsizool dgogase (Ununnanse,1977).

AFM s Na,0+K,0/8i — ©osgds890bg (Lg@.5) Fgodommms gddegamglbmods @Gmengod g
dobogm@Bms ggendo ob ol obgrmdemow oMol gobenoggdymo.

‘dgbfoganoano 60dydgdosb dbmwme ghmo  dJmbgos oM YEY dobog@ms ggerdo. gl
60390 osmgdygamos dg@ed3gmod o dgeygboamdols Jigbmmonmsb yIgsemm jmbEsdddo,
5953, O3 hsbl aobsdo®mmds dobo sbmdsenygdo J393> ©oog®adaby. o3y swgbodbsgm,
amd gl bodydo osbggg godmbogmolios bbgs osa®sdgdol dgdmbgggsdoc.

ACM-AFM m®dsq0 ©ospa®sdol dobgogon (Ly@.6) bodydgdo dgomygebydo Jgogdol s
B399 39FgEmoBgdel Sdsbggar ggagddo yosbofogwo.

Ky,O/ TiO; — woog®odaby (by@8) {gd@orgdo dgomygebydo  Jgool bo@dsany®  ©s
dodroedgdgamo gaEgmemdol gaegddos dmcggmo.

Th/Nb/Y — dobgpgom xsmmmghs@ols 0bGdbogo ©gdmg@o®goyao dobGools gganl ,boanm
Sm/Y-Ce/Sm — 3gom3gobyg® dobog@ms gganls 33sbybgdl.

Th/Y @s Nb/Y-0l ggodmds MORB-ols, Th/Yb-Ta/Yb s La/Nb-Ti—ols N MORB-ols dgwgg-
boanmdsls ggbodsdgds, boarm Rb/Y o N/Y — Jggos Jg@ g Fomdmbsddbgdl 3oligbmol.
dogemebgao  gsdmbsganolos Ce/Pb-Ce s Nb/Th-Nb — @osg@sdgdo, Lowsi  goygdgeo
T90@oagdo 3Gododoya dobGoli ggando gobansaws (Liy®.9).
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@abGogno 2

033050 ©> 0dgosmdofs gargdgbGgdol gdggemds xommghsdol 0b@@ybogol Jsbgddo  (ppm)
6025 6056 6906 6912 6913 6092
P 399 281 465 1050 589 374
Sc 32.0 60.0 27.6 39.0 11.5 56.7
Ti 8910 15240 6871 11000 2874 10380
4 343 625 261 365 53.5 473
Cr 145 45.6 20.2 27.5 13.9 93.5
Mn 1130 1181 1335 1460 1102 1446
Co 36.9 59.9 32.0 352 15.1 51.8
Ni 313 84.4 13.7 15.9 8.39 58.9
Cu 21.1 72.4 43.1 46.4 11.5 334
Zn 67.6 80.4 85.7 84.0 572 84.5
Ga 16.9 16.2 20.8 19.4 15.8 16.1
Ge 1.24 1.60 1.49 1.75 0.919 1.63
As 0.476 0.544 0.439 1.89 0.402 0.518
Se 0.0334 0.0449 0.0524 0.0109 0.0262 0.0589
Rb 14.7 3.13 243 4.18 11.5 22.4
Sr 154 159 202 276 175 76.8
Y 31.6 372 30.2 7.47 20.3 37.0
Zr 34.8 35.6 47.2 50.9 90.3 71.5
Nb 1.86 3.11 3.10 11.0 2.90 348
Mo — — — 1.48 — —
Ag 0.0221 0.0198 0.0248 0.0310 0.0421 0.0338
Cd 0.0256 0.0270 0.0308 0.0273 0.0281 0.0415
Sn 1.01 1.11 0.793 — 0.640 1.76
Sb 0.266 0.0857 0.168 0.184 0.0954 0.0605
Te 0.0016 0.0035 0.0047 0.0099 0.0023 0.0034
Cs 0.443 0.144 0.819 0.423 0.540 1.17
Ba 35.2 25.5 102 28.7 753 74.0
La 2.60 2.29 6.31 11.7 8.41 5.78
Ce 7.44 8.12 16.5 25.4 18.1 15.8
Pr 1.34 1.60 2.58 3.38 2.36 2.42
Nd 7.74 9.60 12.6 14.4 10.1 11.6
Sm 3.08 3.95 3.92 2.98 2.58 3.92
Eu 1.05 1.25 1.20 1.17 0.834 1.20
Eu 1.10 1.29 1.25 1.23 0.860 1.28
Gd 4.05 5.06 4.44 2.62 2.96 4.95
Tb 0.746 0.929 0.754 0.294 0.461 0.874
Gd 4.53 5.67 4.75 2.41 2.96 5.38
Dy 543 6.68 5.21 1.48 3.13 6.26
Ho 1.21 1.46 1.14 0.301 0.703 1.38
Er 3.21 3.81 3.07 0.790 2.00 3.78
Tm 0.465 0.539 0.463 0.113 0.319 0.554
Yb 2.88 3.25 2.87 0.770 2.17 3.46
Lu 0.428 0.466 0.428 0.125 0.357 0.513
Hf 1.31 1.47 1.74 1.32 2.63 2.39
Ta 0.0039 0.0063 0.0062 0.0211 0.0096 0.0086
W 0.127 0.118 0.141 0.307 0.0537 0.231
Tl 0.226 0.0802 0.374 0.123 0.149 0.355
Pb 2.40 1.33 2.67 2.56 3.76 1.85
Th 0.360 0.118 1.15 1.08 2.38 1.05
U 0.124 0.0518 0.310 0.309 0.716 0.425
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Diagram parameters: CaB>1.50; (Na+K)A>0.50

1

()
! : : FOB
edenite magnesio- magnesio- <
hastingsite sadanagaite *o
. F 06 L
+
o
L 04 =
=)
ferroedenite hastingsite sadanagaite 0.2 S
T T T T 0
8 15 7 6.5 6 5.5 5 45
Si
Diagram parameters: CaB>1.50; (Na+K)A<0.50
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by@. 4. 03g0dm@gdols osgbmbBoggo wosy®sdgoo (Alan R. Woolley at.all, 1997)
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Composition and Genesis of Breccia-Basalt — Kazbegi Facing Stone. K. Lobzhanidze. Ministry of Education
and Sciences of Georgia. LEPL Alexandre Janelidze Institute of Geology. 1/9 M.Alexidze str., 0171 Tbilisi, Georgia.
E-mail: klobzhanidze@posta.ge

Kazbegi facing stone is a rock of green color, with breccia makeup, good decorative pattern and high physico-
mechanical features. Fragments of breccia are represented by basalt, and cement — by epidote, rarely quartz and calcite.
The main deposit of breccia basalt is located in the Kazbegi district territory, in headwaters of the river Devdoraki and
is located under the glacier. Manufacturing of this facing material is based on the exploitation of block field situated in
the lower reaches of the river Devdoraki. Similar formations spread on the territory of Pirikita Khevsureti (in Arkhoti),
are not studied yet and should be investigated in future.

CoctaB u rene3uc Kazfexkckoro o06JMI0BOYHOr0 KaMHs — OpexkuuneBoro 60azaabta. K. JloG:kaHum3e.
MunucreperBo npocsemmenus u Hayku ['py3un. FOJIOII UuctutyTt reomorun uMm. A.Jlxanemnaze, Toumicu 0171, yo.
M.Anekcuaze 1/9. E-mail: klobzhanidze@posta.ge

Kaz0ekckuii 00IUITOBOYHBIH KaMEHb - 3€JICHOTO I[BETa, OPEKUYUEBOTO CTPOCHUS, C XOPOIIUM JICKOPATHBHBIM BH-
JIOM ¥ BBICOKUMH (PU3UKO-MEXAaHUISCKHUMHU CBOMCTBaMU. OOJIIOMKYM OpEKYHH MPEICTaBICHbI 0a3aIbTOM, a IIEMEHT JIH-
JIOTOM, U pelIKO, KBapleM U KaubIuuToM. OCHOBHOE MECTOPOXKACHHE OpeKuneBoro Oaszanbra pacnonoxkeHo B Kasbekc-
KOM paiioHE B BepXOBbiX p. [leBnopaku mox nennnkom. [Ipon3BoACcTBO JaHHOTO OOIUIIOBOYHOTO KaMHS OCHOBAHO JJIS
00paboOTKH BAJyHOB HAXOJHUBINUXCS B HIDKHEM TedeHUH p.JleBIOpakd. AHAJOTMYHBIE HOPOIBI PACIPOCTPAHEHBI HA
TeppuTOopun XeBCypeTu (ApXOTH), KOTOPhIC HE U3YYCHBI U TPEOYIOT HaJbHEHUIIIETO UCCIICOBAHUS.

Abridged English Version

Breccia basalt is a facing stone of green color and good decorative pattern, which is quarried in the
Kazbegi region.

The main deposit of breccia basalt is located in headwaters of the river Devdoraki (left tributary of the
river Tergi) covered with glacier. Its development is handicapped with complicated relief and lack of roads.

Block field (boulder, till) in the lower reaches of the river Devdoraki is considered to be a deposit of
the above-mentioned facing stone; it is of glacial-alluvial origin and does not exceed 3-4% of total rock
mass, and its reserves amount 61 300 m’.

Similar formations are widespread on the territory of Pirikita Khevsureti (in Arkhoti), in the volcano-
gene complex, which is known under the name of Chimghis Klde.

The mentioned facing stone has a fine decorative pattern as the large fragments of breccias are cemen-
ted with green fine-breccia matrix including fine crystals of epidote, rarely quartz and calcite.

Chemistry of the Kazbegi and Arkhoti breccia-basalts establish that fragments of massive rock compo-
sitionally correspond to basalt, and the epidote-bearing stripes have similar chemistry indicative of their
identical mineral content.

Age of volcanic formations present in the Liassic sediments of the Kazbegi region is not determined
with isotope dating method, but according to stratigraphic position of the volcanic rocks, the facing stone de-
posit is of the Upper Liassic age.
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This deposit is formed by cementation of tectonic clastic material of Liassic pillow lavas, where the
cement is represented by epidote, partially calcite and quartz of hydrothermal genesis.

Mainly small buildings have been decorated with the breccia basalt in Stepantsminda, Dusheti and
Thilisi. A nice decorative pattern of this stone makes possible to produce decorative wares of high quality
and thus to develop its industry.
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