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nino TaTriSvili da giorgi zariZe - 
qarTuli petrologiuri skolis fuZemdeblebi 

(eZRvneba dabadebidan 100 wlisTavs) 
 

T. wuwunava 
 

saqarTvelos ganaTlebisa da mecnierebis saministros ssip aleqsandre janeliZis 
geologiis instituti, Tbilisi 0171, m. aleqsiZis 1/9. el.fosta: geolinst@geolinst.ge 

 
nino TaTriSvili da giorgi zariZe qarTuli geologiis Rirseuli warmomadgenlebi 

da qarTuli petrologiuri skolis fuZemdeblebi arian. Znelia Seafaso maTi wvlili de-
damiwis Semswavlel mecnierebebSi. g. zariZis da n. TaTriSvilis mravalricxovanma Sromeb-
ma, romlebmac damsaxurebuli aRiareba moipova, mniSvnelovani roli Seasrula petrolo-
giuri mecnierebis ganviTarebaSi. maT kalams ekuTvnis yofili sabWoTa kavSiris geolo-
giuri sazogadoebriobisTvis cnobili fuZemdebluri Sromebi, romlebic mieZRvna kavkasiis 
magmatizmis da masTan dakavSirebul madanwarmoSobis sakiTxebs, magmuri da metamorfuli 
qanebis petrologiur kvlevas. 

    
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. 

 
Нино Фоминишна Татришвили  и Георгий Михайлович Заридзе – основоположники Грузинской 

петрологтческой школы ( к 100-летию со дня рождения). Цуцунава Т.Н. Министерство просвещения и 
науки Грузии, ЮЛОП  институт геологии им. А. Джанелидзе, Тбилиси 0171, ул. М. Алексидзе 1/9.  
E-mail: geolinst@geolinst.ge 

Н.Ф.Татришвили и Г.М.Заридзе являются ярчайшими представителями грузинской геологии и 
основателями грузинской петрологической школы. Их вклад в науку о земле трудно переоценить. Мно-
гочисленные труды Н.Ф.Татришвили и Г.М.Заридзе внесли значительный вклад в развитие петрологической 
науки и получили заслуженное признание. Их перу принадлежат широко известные геологической общес-
твенности бывшего Советского Союза основополагающие труды, посвященные проблемам магматизма на 
Кавказе и связанным с ним рудообразованием, петрографии магматических и метаморфических пород.     

 
nino TaTriSvili da giorgi zariZe qarTuli geologiis Rirseuli warmomad-

genlebi da qarTuli petrologiuri skolis fuZemdeblebi arian. qalbatoni nino 
iyo geologiur-mineralogiur mecnierebaTa doqtori, profesori da saqarTvelos 
ssr mecnierebaTa damsaxurebuli moRvawe. igi iyo kavkasiaSi sabunebismetyvelo 
mecnierebaTa sferoSi pirveli qali mecnierebaTa doqtori. giorgi zariZe iyo sa-
qarTvelos mecnierebaTa akademiis wevr-korespondenti, ruseTis sabunebismetyvelo 
mecnierebaTa akademiis sapatio wevri, mecnierebaTa damsaxurebuli moRvawe da sa-
xelmwifo premiis laureati. batoni giorgi iyo sabWoTa kavSiris mecnierebaTa ak-
ademiis prezidiumTan arsebuli petrologiuri komitetis erT-erTi damfuZnebeli. 
igi iyo ori geologiuri Jurnalis – “Известия вузов”  da “Советская геология” redko-
legiis wevri, sabWoTa kavSiris geologiis saministrosTan arsebuli magmuri da 
metamorfuli formaciebis komitetis (leningradi), sakavSiro mineralogiuri sa-
zogadoebis (leningradi), bunebismetyvelTa moskovis sazogadoebis da agreTve, 
safrangeTis, germaniisa da serbiis  geologiuri sazogadoebebis wevri. 

batonma giorgim da qalbatonma ninom mTeli Tavisi cxovreba sayvarel saqmes 
– petrologias miuZRvnes. Znelia Seafaso maTi wvlili dedamiwis Semswavlel mec-
nierebebSi. maTma mravalricxovanma Sromebma, romlebmac damsaxurebuli aRiareba 
moipova, mniSvnelovani roli Seasrula petrologiuri mecnierebis ganviTarebaSi. 
maTi samecniero moRvaweobis erT-erTi ZiriTadi mimarTuleba gaxldaT magmuri da 
metamorfuli formaciebis Sesaxeb sxavadasxva problemuri sakiTxis Seswavla da 
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gadawyveta. maT kalams ekuTvnis yofili sabWoTa kavSiris geologiuri sazogado-
ebriobisTvis cnobili fuZemdebluri Sromebi, romlebic mieZRvna kavkasiis magma-
tizmis da masTan dakavSirebul madanwarmoSobis sakiTxebs, magmuri da metamorfu-
li qanebis petrologiur kvlevas. magmuri (plutonuri da vulkanuri) da metamor-
fuli procesebis organuli erTianobis Sesaxeb gamoTqmuli hipotezis safuZvel-
ze, g. zariZem da n. TaTriSvilma, pirvelad petrologiur literaturaSi, magmuri 
da metamorfuli qanebi gaaerTianes endogenur geologiur formaciebad.  

g. zariZem da n. TaTriSvilma gamoaqveynes rigi fuZemdebluri Sroma magmuri 
(intruziuli da vulkanuri) qanebis warmoSobis ciklurobis Sesaxeb. am SromebSi 
Camoyalibebulia saqarTvelos taritoriaze rigi magmuri qanis kanonzomierad 
Tanmimdevruli warmoSobis mkafio suraTi. avtorebma daamuSaves petrologiis 
erT-erTi aqtualuri problema, romelic exeba endogenuri qanebis ciklur ganvi-
Tarebas sxvadasxva geologiur struqturaSi – moZrav da stabilur areebSi, maT 
Soris, riftogenulSic.  

1947 wels gamoqveynda g. zariZis fundamenturi monografia ”Закономерности раз-
вития магматизма в Грузии и связанные с ним рудопроявления”. am naSromma mniSvnelovani 
wvlili Seitana kavkasiis magmuri geologiis SeswavlaSi. avtorma daadgina, rom 
intruziebTan parageneturad aris dakavSirebuli pirotinisa da polimetaluri 
sabadoebi da madangamovlinebebi. man kritikulad gaaanaliza arsebuli geoteqto-
nikuri Sexedulebebi da SemogvTavaza Tavisi hipoTeza, romelic savsebiT eTanade-
ba liTosferos filebis teqtonikis Teorias. im dros, roca Zalze mwiri iyo mo-
nacemebi dedamiwis mantiisa da teqtonosferos agebulebis Sesaxeb, g. zariZem ga-
moTqva mosazreba, rom endogenuri procesebis globaluri ganviTarebis mizezs 
warmoadgens bazalturi sagebis (Tanamedrove gagebiT astenosferos) gafarToveba, 
rac iwvevda magmuri (konveqciuri) dinebebis warmoqmnas, romlebic gadaadgilde-
boda daZirvis (subduqciis) zonis mimarTulebiT. magmur dinebebs moZraobisas Tan 
mihqonda maTze “motivtive” kontinenturi masebi anu liTosferos filebi, romle-
bic gadaadgildeboda subduqciis zonisken da ganapirobebda naoWa sistemebis war-
moqmnas. es gadaadgileba biZgebis saxiT xorcieldeboda, radgan dedamiwis sir-
meSi energiis dagroveba xdeba periodulad. aRniSnul globalur gadaadgilebebs 
ukavSirebs avtori magmur procesebs, romlebsac adgili aqvs kontinenturi masi-
vebis Sexebisas. aq Cndeboda magmis rezervuarebi da iqmneboda pirveladi bazal-
turi magmis diferenciaciisTvis xelsayreli pirobebi. 

SemdgomSi, g. zariZe da n. TaTriSvili Seudgnen rogorc axalgazrda, ise Zve-
li kristaluri (magmuri da metamorfuli) qanebisa da vulkanitebis Seswavlas. sa-
mxreT saqarTveloSi farTod gavrcelebuli axalgazda lavebis Seswavlisas, la-
vebTan urTierTonacvle qviSebsa da TixebSi maT aRmoaCines spilos kbilis frag-
menti. imave ubanze iqna nanaxi uZvelesi cxenis fragmentebi. am aRmoCenebis safuZ-
velze lavebis asaki pirvelad iqna daTariRebuli faunisturad, rogorc aRCagi-
luri. yovelive aman didi rezonansi gamoiwvia mTel geologiur sazogadoebrio-
baSi da stimuli misca saqarTveloSi xerxemlianTa paleontologiis ganviTarebas.  

1955 wlidan dawyebuli n. TaTriSvilma da g. zariZem daadgines metasomaturi 
granitwarmoSobis stadiuri xasiaTi da gamoyves mono, bi da polistadiuri meta-
somaturi procesebi. maT daadgines, rom monostadiuri metasomatozis dros, saw-
yis qanebSi aRmavali xsnarebis (fluidebis) mier Semoitaneba Semdegi qimiurad aq-
tiuri elementebidan - siliciumi, natriumi an kaliumi, erT-erTi, xolo bimetaso-
matozis SemTxvevaSi ki - romelime ori elementi. avtorebma daadgines agreTve, 
rom metasomaturi granitoidebi warmoiSveba sam- da mravalstsdiuri metasomato-
zis Sedegad da am procesis intensivobisas xdeba granituli magmis formirebac ki 
(g. zariZis mixedviT – metasomaturi anateqsisi). 

n. TaTriSvilma da g. zariZem daasabuTes granitwarmoSobis procesSi aqceso-
ruli mineralebis ganviTareba ara mxolod adreul stadiaze, rogorc es adre 
iyo miRebuli, aramed maTi formirebis bolo stadiazec. 

g. zariZis da n. TaTriSvilis naSromi pertitebis genezisis Sesaxeb (1958) sa-
marTlianad iTvleba mniSvnelovan wvlilad petrologiaSi. aRniSnuli naSromis 
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gamoqveynebamde, petrologiur literaturaSi cnobili iyo pertitebis warmoqmnis 
sami SesaZlo gza: 1. evteqtikuri kristalizacia; 2. albitis gamoyofa kalium-nat-
riumiani mindvris Spatis myari xsnaris daSlisas da 3. albitiT kaliumis mind-
vris Spatis Canacvleba ganwevrebis zedapirebisa da klivaJis gaswvriv. maT Soris 
pirveli iTvleboda ZiriTad gzad. avtorebma damajereblad daasabuTes, rom kali-
umiani metasomatozis procesSi xdeba plagioklazis mikrokliniT TandaTanobiTi 
Canacvleba sxvadasxva tipis pertitis warmoqmniT da rom pertitizacia warmoad-
gens mikroklinizaciis Sualedur stadias. 

ormocdaaTiani wlebis bolosa da samociani wlebis dasawyisSi, n. TaTri-
Svilma da g. zariZem gamoaqveynes ori monografia – “Магматизм Грузии и связанные с 
ним рудообразования” da “Петрография магматических и метаморфических пород Грузии”, rom-
lebmac geologiuri sazogadoebriobis maRali Sefaseba daimsaxura. 

granitoidebis genezisis sakiTxis Seswavlisas, g. zariZe da n. TaTriSvili 
mividnen im daskvnamde, rom maT warmoSobasa da ganviTarebaSi da, Sesabamisad, Cve-
ni planetis Camoyalibebis adreul stadiaze granitul-metamorfuli fenis formi-
rebaSi, mniSvnelovan rols TamaSobs metasomatozi. mogvianebiT, g. zariZem mdi-
dari faqtiuri masalisa da mravali petrologiuri obieqtis (ukrainaSi, cimbirSi, 
uralze, areliaSi, Soreul aRmosavleTSi, karpatebze, balkanebze, dinaridebze, 
kanadasa da sxv.) daTvalierebis safuZvelze, SeimuSava dedamiwis endogenuri qane-
bis originaluri sistematika. 

kavkasiis alpuriswina metamorfuli kompleqsebis kvlevaSi daufasebelia 
qalbatoni ninos mier gakeTebuli aRmoCena kavkasionis wina qedis zonaSi eklogi-
tebis gamosavlebis dadgenis Sesaxeb, rac man detalurad aRwera Tavis monogra-
fiaSi. 

g. zariZe da n. TaTriSvili, zogierT ucxoel geologTan erTad, amtkicebd-
nen, rom granituli magmis warmoqna SeuZlebelia bazalturi magmis diferenciaci-
is gziT. maTi azriT, Seswavlili granitoidebis arsebiTi nawilisTvis damaxasia-
Tebelia fluidur-metasomaturi genezisi. g. zariZem da n. TaTriSvilma naoWa sar-
tylebisTvis gamoyves granitoidebis sami teqtonikuri tipi: adreorogenuli an in-
trageosinklinuri, gvianorogenuli da damasrulebelorogenuli, xolo kidev er-
Ti (meoTxe) tipi uZravi sartylebisTvis – kratogenuri (kontinenturi) tipi. mogvi-
anebiT (1984), n. TaTriSvilma da g. zariZem, daeyrdnen ra liTosferos filebis 
teqtonikis Teorias, granitoidebis tipizacias misces ufro srulyofili saxe.  

samociani wlebidan dawyebuli, g. zariZem da n. TaTriSvilma gamoaqveynes 
Teoriuli xasiaTis mravali Sroma, romlebic exeboda: zogierTi vulkanuri war-
monaqmnis geneziss, metamorfitebis, granitoidebisa da endogenuri mineralizaciis 
zonebis kavSirs vulkanogenur-sedimentogenur formaciebTan, magmatizmis, metamor-
fizmisa da teqtonikis urTierTkavSiris sakiTxebs, metasomatizmisa da madan-
warmoSobis problemebs, kavkasiis uZvelesi bazalturi substratis petrologias, 
paleozour epoqaSi kavkasionis magmatizmisa da metamorfizmis sakiTxebs liTos-
feros filebis teqtonikis Teoriis WrilSi, kontinentebisa da okeaneebis endoge-
nuri formaciebis Seswavlasa da sxv. mxolod g. zariZisa da n. TaTriSvilis Sro-
maTa saTaurebis CamonaTvalia sakmarisi imisTvis, rom davrwmundeT, Tu ramdenad 
farToa avtorebis samecniero interesebis diapazoni. 

g. zariZisa da n. TaTriSvilis mier Catarebulma petrologiurma kvlevebma 
safuZveli Cauyara kavkasiis kristaluri qanebis intensiur Seswavlas. am sakiTxs 
miuZRvnes maTma mowafeebma aTeulobiT sadoqtoro da sakandidato disertacia, 
erovnul da ucxour JurnalebSi gamoqveynda mravali samecniero statia da daiwe-
ra samecniero angariSebi. gadauWarbeblad SeiZleba iTqvas, rom arcerT qarTvel 
mecnier-geologs ar aRuzrdia imdeni mowafe, rogorc g. zariZesa da n. TaTri-
Svils. g. zariZisa da n. TaTriSvilis nayofieri Sromis Sedegad, saqarTveloSi 
Camoyalibda TviTmyobadi petrologiuri skola, romelmac saerTaSoriso aRiareba 
moipova. 
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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-SiO2, Rb/Sr, 
Sm/Nd, Lan/Ybn), 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 
the world. In the Elbrus subzone the major part of granite-gneisses corresponds to S type granites, and the other part and 

all other varieties – to the granites of I type. In the Pass subzone all varieties of autochthonous granitoids belong to I 
type granites but the allochthonous ones – to I, S and A types of granites.  

 
kavkasionis adrevariskuli (bretonuli) granitoidebis petro- da geoqimia. d. Senge-

lia, T. wuwunava. g. WiWinaZe, n. maisuraZe, q. vardanaSvili. saqarTvelos ganaTlebisa da 
mecnierebis saministros ssip aleqsandre janeliZis geologiis instituti, Tbilisi 0171, m. 
aleqsiZis 1/9. el.fosta: d_shenge@yahoo.com 

kavkasionis mTavari qedis zonis ialbuzis da sauReltexilo qvezonebis adrevarisku-
li granitoidebi geoqimiuri maxasiaTeblebis (Eu/Eu*-Sr/Nd, Rb/Sr-SiO2, Rb/Sr, Sm/Nd, Lan/Ybn) da 
iSviaTi elementebis Semcvelobis mixedviT, mTlianobaSi, Seesabameba msoflios sxva regi-
onebis zedaqerqul da saerToqerqul granitoidebs. ialbuzis qvezonis granituli gneise-
bis didi nawili upasuxebs S tipis granitebs, danarCeni nawili da yvela sxva saxeoba ki – 
I tips. sauReltexilo qvezonis avtoqTonuri granitoidebis yvela saxeoba miekuTvneba I ti-
pis granitebs, xolo aloqTonuris ki – gabneulia diagramis I, S da A tipis granitebis Se-
sabamis velebSi. 

 

Петрогеохимия ранневарисcких (бретонских) гранитоидов Большого Кавказа. Д.М. Шенгелиа, 

Т.Н. Цуцунава, Г.Л. Чичинадзе, Н.И. Маисурадзе, К.Г. Варданашвили. Министерство просвещения и науки 
Грузии. ЮЛОП  Институт геологии им. А. Джанелидзе, Тбилиси 0171, ул. М. Алексидзе 1/9. E-mail: 
d_shenge@yahoo.com 

По содержанию редких элементов и геохимическим характеристикам (Eu/Eu*-Sr/Nd, Rb/Sr-SiO2, Rb/Sr, 
Sm/Nd, Lan/Ybn), состав ранневарисcких гранитоидов Эльбрусской и Перевальной подзон зоны Главного хребта 
Большого Кавказа, в целом, соответствует верхнекоровым и общекоровым гранитоидам других регионов мира. 
В Эльбрусской подзоне большая часть гранитогнейсов отвечает гранитам S типа, а другая часть и все осталь-
ные разновидности – гранитам I типа. В Перевальной подзоне все разновидности автохтонных гранитоидов 
принадлежат к гранитам I типа, а алохтонных гранитоидов – всем I, S и A типам гранитоидов. 
 

gafarToebuli reziume 

kavkasiaSi bretonuli orofazisiT gapirobebuli granitwarmoSobis procese-
bi mimdinareobda mxolod kavkasionis mTavari qedis zonis ialbuzisa da sauRel-
texilo qvezonebSi (Гамкрелидзе, Шенгелиа, 2005). miuxedavad didi miRwevebisa kavkasi-
onis granitoidebis SeswavlaSi, bretonuli granitoidebis geoqimia, analitikuri 
monacemebis simciris an, zog SemTxvevaSi, ararsebobis gamo, sustadaa Seswavlili. 

statiaSi analitikuri monacemebis interpretaciis safuZvelze, ganxilulia 
kavkasionis mTavari qedis zonis ialbuzisa da sauReltexilo qvezonebSi ganviTa-
rebuli bretonuli granitoidebis petrologiur-geoqimiuri sakiTxebi. 

ialbuzis qvezonis bretonuli granitoidebi warmodgenilia plagiogranite-
biT, granituli gneisebiT da plagiogneisebiT da kvarciani dioritebiT. maTi Sem-
cavi qanebia kambriuliswina Rrmadmetamorfizebuli infrastruqtura. granitoide-
bis formirebis pirobebi, ZiriTadad, biotitian-muskovitiani gneisebis faciess Se-
esabameba. aRniSnuli qvezonis bretonul granitoidebSi gamoyofilia ori saxe-
sxvaoba – uamfibolo (biotitiani da orqarsiani plagiogranitebi, plagiogneisebi 
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da granituli gneisebi) da rqatyuariani (rqatyuariani da biotitian-rqatyuariani 
kvarciani dioritebi, dioritebi da maTi gneisiseburi analogebi) granitoidebi. 
ialbuzis qvezonis bretonuli granitoidebis uamfibolo saxesxvaoba, mcire gamo-
naklisis garda, miekuTvneba normalur-tute da kirtute seriebs (cxr. 1 da sur. 2). 
A/CNK parametrebi plagiogranitebisTvis, granituli gneisebis da plagiogneise-
bisTvis icvleba did diapazonSi – 0.53-2.2. I, S da A tipis granitebis diskriminaci-
ul diagramaze plagiogneisebisa da plagiogranitebis aRmniSvneli figuratuli 
wertilebi xvdeba I tipis granitebis areSi, xolo granituli gneisebisa ki – S da I 
tipis granitebis velebSi. b. barbarenis (Barbarin, 1999) mineralogiur-petrologiuri 
klasifikaciis mixedviT, granituli gneisebi ikavebs muskovitis Semcvel peralumi-
nian granitebsa (MPG) da kaliumiT mdidar kirtute granitebs (KCG) Soris garda-
maval pozicias. rqatyuariani granitoidebi miekuTvneba natriumis rigis granitoi-
debis normalur-tute da kirtute seriebs. es granitoidebi, uamfibolo plagio-
granitebTan SedarebiT, SiO2 ufro dabali SemcvelobiT da FeOsaerTo,  MgO da CaO 
maRali SemcvelobiT xasiaTdeba. I, S da A tipis granitebis diskriminaciul diagra-
maze rqatyuariani granitoidebis figuratuli wertilebi moTavsda I granitebis 
velSi (cxr. 2 da sur. 2). maTi A/CNK parametrebi meryeobs 0.82-1.00 farglebSi. b. 
barbarenis mineralogiur-petrologiuri klasifikaciis mixedviT, isini upasuxeben 
kirtute seriis amfiboliani granitoidebis jgufs – АCG. 

sauReltexilo qvezonis bretonuli granitoidebi dakavSirebulia buulgenis 
metamorfuli kompleqsis neoproterozoul(?) gvandris wyebasTan da warmodgeni-
lia avtoqTonuri da aloqTonuri leikokratuli granitoidebiT. pirvel maTgans 
miekuTvneba plagiogranituli, granodiorituli da granituli Sedgenilobis gnei-
sebi, romlebic metamorfizebulia stavrolitur-silimanituri subfaciesisa da 
biotitian-muskovitiani gneisebis faciesis pirobebSi. aloqTonuri granitoidebi 
warmodgenilia leikokratuli plagiogranitebiT, granodioritebiT, granitebiT 
da maTi aplituri saxeobebiT. leikokratuli gneisebi mdidaria SiO2-iT (>70 mas.%) 
da Raribia kalciumiT da femuri komponentebiT (cxr. 3). gamoiyofa natriumiT mdi-
dari da kaliumiT Raribi da rogorc kaliumiT, aseve natriumiT mdidari saxesxva-
obebi. pirvel saxesxvaobaSi natriumi bevrad Warbobs kaliums da amitom, am qaneb-
Si K2O Semcvel fazas warmoadgens muskoviti an biotiti, isic Zalin mcire raode-
nobiT. meore saxesxvaobaSi, romelic ufro maRaltutiania da Warbad Seicavs ka-
liums, qarsebTan erTad ganviTarebulia kaliumis mindvris Spati. dabalkaliumi-
ani gneisebis aRmniSvneli figuratuli wertilebi Na2O+K2O - SiO2 diagrammaze mo-
Tavsda normalur-tute seriis granitoidebis velSi, xolo meore jgufis gneise-
bis ki – subtute da normalur-tute seriis granitoidebis velebis gamyofi xazis 
maxloblad (sur. 3). aRsaniSnavia, rom aRniSnul diagramaze leikokratuli grani-
toidebis figuratuli wertilebi ganlagda maTi sawyisi qanebis – leikokratuli 
gneisebis velSi. AFM diagramaze dabalkaliumiani gneisebi ikaveben kirtute vels, 
xolo gneisebis sxva saxesxvaobebi ki – gaurkvevel pozicias granitoidebis tole-
itur da kirtute seriebTan mimarTebaSi. A/CNK – SiO2 diagramaze, mcire gamonakli-
sis garda, leikokratuli granitoidebis aRmniSvneli wertilebi Sejgufda mcire 
ubanze. avtoqTonuri granitoidebis yvela saxeoba miekuTvneba I tipis granitebs, 
xolo aloqTonuri granitoidebis aRmniSvneli wertilebi gafantulia I, S da А ti-
pis granitebis velebze.  

bretonuli granitoidebis geoqimiuri kvlevis Sedegebi motanilia cxrilSi 4 
da Sejamebulia diagramebze 4 da 5.  

kavkasionis adrevariskul granitoidebSi iSviaTi elementebis Semcveloba 
farTo diapazonSi meryeobs. tipiur granitebSi am elementebis saSualo Semcvelo-
basTan SedarebiT, zemoT aRniSnul granitoidebSi momatebulia Sr, Y, Nb da Th da 
Semcirebulia Ba, La da Nd Semcveloba, xolo  Zr, Rb, Yb da U Semcveloba ki TiTqmis 
msgavsia. ialbuzis qvezonis plagiogranitebi da plagiogneisebi da sauReltexi-
lo qvezonis granatiani aliaskitebi Rb/SiO2, Th/SiO2, Ba/SiO2, Yb/SiO2, Zr/SiO2 da Rb/Sr 
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variaciul diagramebze gamoyofilia erTmaneTisgan, xolo U/ SiO2, Sr/ SiO2, La/ SiO2, 
Nb/ SiO2, Y/SiO2 da Ba/Sr/Na diagramebze ki garkveuli kanonzomierebebi ar dgindeba. 

Eu/Eu∗ _ Sr/Nd diagramis mixedviT (sur. 4) ialbuzis qvezonis bretonuli gra-
nitoidebis figuruli wertilebis absoluturi umravlesoba moTavsda zeda qer-
qis ganmsazRvrel velSi (Altherr et al., 2000; Altherr, Siebel, 2002). Rb/Sr – SiO2 diagramis mi-
xedviT yvela qani qerqul warmonaqmnebs miekuTvneba (Taiyor, McLennan, 1985). ialbu-
zis qvezonis plagiogranitebisTvis Rb/Sr fardoba tolia 0.118-0.460, plagiogneise-
bisTvis _ 0.045-0.665, xolo sauReltexilo qvezonis granatiani aliaskitisTvis _ 
0.059-is. zogadad, Rb/Sr fardoba qveda qerqisTvis 0.023-is tolia, zeda qerqisTvis _ 

0.32, xolo saerTo qerqisTvis ki _ ≈ 0.03 (Taylor, McLennan, 1985). miRebuli monaceme-
bis Sedarebidan gamomdinare, ialbuzis qvezonis plagiogranitebi rogorc saerTo, 
aseve zedaqerquli warmonaqmnebia, xolo plagiogneisebi da sauReltexilo qvezo-
nis granatiani aliaskitebi ki – mxolod zedaqerquli. Sm/Nd da Lan/Ybn fardobebis 
teilorisa da maklenanis (Taylor, McLennan, 1985) mier dadgenili zogadi mniSvnelo-
bebisa da ialbuzis qvezonis plagiogranitebisTvis miRebuli imave mniSvnelobebis 
Sedarebis Sedegad dadginda, rom aRniSnuli qvezonis plagiogranitebi, ZiriTadad 
zedaqerquli da, nawilobriv, saerToqerquli warmonaqmnebia, plagiogneisebi da 
sauReltexilo qvezonis granatiani aliaskitebi ki mxolod zedaqerquli warmo-

naqmnebia. Eu/Eu∗ fardobis mixedviT, ialbuzis qvezonis plagiogranitebis umeteso-
ba zedaqerquli warmonaqmnebia, danarCeni nawili – qvedaqerquli, xolo plagio-
gneisebi da sauReltexilo qvezonis granatiani aliaskitebi ki – mxolod zedaqer-

quli warmonaqmnebia. 
ialbuzis qvezonis plagiogranitebis spaidergramebi xasiaTdeba daxris mcire 

kuTxiT da sustad gamoxatuli Eu minimumebiT. es minimumebi ufro kargadaa gamo-
xatuli ialbuzis qvezonis plagiogneisebis damaxasiaTebel spaidergramebze. aseve 
mkveTri Eu minimumi axasiaTebs saureltexilo qvezonis granatian aliaskitebs.  

iSviaTi elementebis Semcvelobisa da geoqimiuri maxasiaTeblebis mixedviT, 
kavkasionis adrevariskuli granitoidebis Sedgeniloba, mTlianobaSi, miaxloebu-
lia msoflios sxva regionebis zedaqerquli da saerToqerquli granitoidebis 
SedgenilobasTan (Taylor, McLennan, 1985; Altherr et al., 2000; Altherr, Siebel, 2000). 

 
 

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 presented1. 

 
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-
                                                
1 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.  

 
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- 
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gneisses are high potassic and by K2O 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. %) 
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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 0,25 15,98 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 82,41 0,10 7,66 1,82 0,54 - 0,59 0,80 3,90 1,00 0,31 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 65,97 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 4,42 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 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 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 0,04 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 4,30 1,30 0,13 1,25 - 100,12 
222 74,43 0,23 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 - 1,37 0,33 100,12 
29 64,12 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 - - 0,45 1,02 4,10 2,50 0,28 0,90 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 0,21 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 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 
SiO2 content and high content of FeOcom, 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. %) 
 

 

№  

S
iO

2 

T
iO

2 
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l 2
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e 2
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3 
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a 2
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K
2O

 

H
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-  

H
2O

+
 

P
2O

5 

∑ 

2154 58,92 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 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 4,35 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 SiO2) 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 
(K2O 0.4 – 1.36 mas.%) a considerable prevalence of sodium (K2O/Na2O ratio varies within 0.08-0.29 and  
K2O+Na2O=4.35-6.05 mas.%) is characteristic. In these gneisses, the only phase with K2O 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  K2O+Na2O – 7.5 - 11 mas.% and K2O 2,2 – 6.2 mas.%; K2O/Na2O 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 Na2O+K2O – SiO2 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 Na2O+K2O – SiO2 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 – SiO2 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. %) 
 

№  
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P
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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 14,98 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 – SiO2 diagram (see Fig. 4) all the figurative 
symbols are situated in the crustal area (Taylor, McLennan, 1985). The presented variation diagrams of Rb/ 
SiO2, Th/ SiO2, Ba/SiO2, Yb/SiO2, Zr/SiO2 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/ SiO2, Sr/ SiO2, La/ SiO2, Nb/ SiO2, Y/SiO2, 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 

 

      

      

      
 
 

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 Lan/Ybn 

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 Lan/Ybn 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. 
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mezozouri magmatizmi intensiurad gamovlinda Suaiurul da gviancarcul epoqebSi. 

Suaiuruli intruzivebi garkveuli niSnebis mixedviT gaerTianda intruziul kompleqsebad. 
intruziuli magmatizmisa da vulkanizmis garkveul drosa da sivrceSi ganviTarebis safu-
Zvelze gamoiyo Suaiuruli vulkanur-plutonuri asociacia. gviancarcul epoqaSi dasav-
leT saqarTveloSi Camoyalibda tute vulkanur-plutonuri, xolo samxreT-aRmosavleT sa-

qarTveloSi – kir-tute vulkanur-subvulkanuri asociacia. 
 
General Peculiarities of the Development of the Mesozoic Magmatism of Georgia. O.Dudauri, 

M.Togonidze, G.Vashakidze. Ministry of Education and Sciences of Georgia. LEPL  Alexandre Janelidze Institute of 
Geology. 1/9 M.Alexidze str., Tbilisi 0171, Georgia. E-mail: odudauri@gmail.com 

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. 
 

Общие закономерности развития мезозойского магматизма Грузии. О.З. Дудаури, М.Г. Тогонидзе, 

Г.Вашакидзе. Министерство просвещения и науки Грузии. ЮЛОП Институт геологии им. А.Джанелидзе, 
Тбилиси 0171, ул. М.Алексидзе 1/9. E-mail: odudauri@gmail.com 

В мезозое магматизм интенсивно проявился в средней юре и позднем мелу. Среднеюрские интрузивы по 
определенным признакам объединены в интрузивные комплексы. На основе развития вулканизма и интрузив-
ного магматизма в определенном пространстве и времени выделена среднеюрская вулкано-плутоническая ассо-
циация. В позднемеловой эпохе в Западной Грузии образовалась щелочная вулкано-плутоническая ассоциация, 
а в Юго-Восточной Грузии – известково-щелочная вулкано-субвулканическая ассоциация. 
 

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 (87Sr/86Sr= 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 87Sr/86Sr 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 (87Sr/87Sr=0,705-0,706) transitive between the mantle and crust. It can be assumed that granite magma 
was melted from the rocks with low 87Sr/87Sr 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 Iori 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 
(87Sr/86Sr=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.   
 
Sesavali 

 
mezozouri magmuri movlenebi saqarTvelos teritoriis geologiuri ganviTa-

rebis istoriaSi mniSnelovan rols TamaSobs. gansakuTrebiT intensiuri magmuri 
aqtivoba aRiniSneba Suaiurulsa da gviancarcul epoqebSi. 

SuaiurulSi mZlavri magmuri aqtivoba daiwyo baiosurSi, ris Sedegadac Camo-
yalibda mZlavri wyalqveSa vulkanuri seria, romelic farTod aris gavrcelebu-
li kavkasionis samxreTi ferdis gagra-javis zonaSi, agreTve Zirulisa da xramis 
masivebis raionebSi. magmuri aqtivoba gagrZelda baTur droSi, rac gamoixata mTe-
li rigi rTuli agebulebis intruziuli sxeulebis CamoyalibebaSi – kelasuri, 
gorabi, sanCari, bzifi, kardivaCi, uSba-eceri, abakuri, kirari da sxva mcire sxe-
ulebi kavkasionis samxreT ferdze, xevisa da Walvanis – Zirulis masivze, fola-
daurisa da sxva mcire sxeulebi – loqis masivze (sur. 1). 

gviancarculSi Camoyalibda wyalqveSa vulkanizmis produqtebi, romelic 
mTavaris wyebis saxelwodebiT aris cnobili. es aris wyaltubo-quTaisis raionSi 
gavrcelebuli tute bazalturi diferencirebuli seria, romlis asaki faunistu-
rad turon-santonurad TariRdeba. efuziuri aqtivobis damTavrebamde an uSualod  
mis Semdeg Camoyalibda teSenitebis mravalricxovani intruziuli sxeulebi, 
romlebic farTod aris gavrcelebuli dasavleT saqarTveloSi. gviancarculSi 
samxreT-aRmosavleT saqarTveloSi Zlier efuziur vulkanizmTan aris dakavSire-
buli mravalricxovani subvulkanuri intruzivebis Camoyalibeba. 

SuaiurulSi magmatizmis ganviTarebis zogadi kanonzomierebebis dasadgenad 
mizanSewonilad miviCnieT intruzivebis dajgufeba kompleqsebad, rasac safuZvlad 
daedo Semdegi principebi: 1. intruzivebis sivrcobrivi kavSiri; 2. erTasakovneba; 3. 
formirebis erTnairi geologiuri pirobebi, anu maTi kavSiri garkveul teqtoni-
kur zonebTan (Дудаури, 2000). am meTodis gamoyeneba gansakuTrebiT mizanSewonilia 
Suaiuruli rTuli agebulebis mravalfaziani intruzivebisTvis, radgan erT komp-
leqsSi gaerTianebuli intruzivebi erTmaneTs avsebs da maTi amgebi qanebi qmnis 
met-naklebad uwyvet homodromul serias. gamoiyo Semdegi kompleqsebi: gorab-kela-
suris, kirar-abakuris, sanCari-bzifis, eceri-mulaxis, kardivaCis, xevi-Walvanis da 
loqi-foladauris. 

 
Suaiuruli intruziuli magmatizmi 

 
kavkasionis samxreTi ferdi 

 
gorab-kelasuris intruziuli kompleqsi mdebareobs afxazeTis centralur 

nawilSi da dakavSirebulia gagra-javis teqtonikur zonasTan (П.Гамкрелидзе, 1966). 
am kompleqsSi gaerTianebulia kelasurisa da gorabis polifazuri intruzivebi 
da centraluri afxazeTis sxvadasxva Sedgenilobis erTfaziani sxeulebi. kelasu-
ris intruzivi (130 km2) gaSiSvlebulia md. md. kelasuris da amTxelis xeobebSi da 
maT wyalgamyof qedze. gorabis intruzivis (50km2) qanebiT agebulia gorabis da ki-
rkipalis mTebi da md. md. arveSis da farTeReles xeobebi. aRniSnuli kompleqsis 
agebulebaSi monawileobs qanebis uwyveti seria fuZedan ultramJavemde. qanTa 
urTierTdamokidebulebis mixedviT dadgenilia maTi Camoyalibebis Semdegi Tanami-
mdevroba: piroqsenitebi, gabro, dioritebi, granitebi, granit-porfirebi, aliaski-
tebi, aplitebi da pegmatitebi. piroqsenitebi warmoadgens fuZe magmis diferen-
ciatebs, xolo mJave qanebi – granitulis (Тогонидзе,1973; Дудаури, Тогонидзе,1988). 
gorab-kelasuris kompleqsi warmodgenilia normaluri rigis (aplitebi _ subtu-
te) kalium-natriumiani seriis qanebiT. Na2O-K2O-CaO diagramaze naTlad Cans qane-
bis qimizmis cvlilebis uwyveti xasiaTi, romlis trendi kir-tute seriis trends 
Seesabameba  (sur. 2). iSviaTmiwa elementebis  ganawileba  (sur. 3) gviCvenebs, rom  
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sur. 2. Suaiuruli intruziuli kompleqsebis petroqimiuri digrama 
 

1. trendebi: I _ kir-tute; II _ trondiemituli; 2-4 _ kompleqsebis qanTa qimizmis trendebi: 
2 _ gorab-kelasuris; 3 _ xevi-Walvanis; 4 _ kirar-abakuris; 5-6 _kompleqsebis qanTa gavrce-

lebis areebi: 5 _ sanCari-bzifis; 6 _ eceri-mulaxis. 
 
 
fuZe da saSualo qanebSi evropiumis SemcvelobaSi anomalia ar aRiniSneba. misi 
Semcveloba mkveTrad mcirdeba granitebidan da granit-porfirebidan aplitebisken, 
rac miuTiTebs granituli magmis bolomde misul diferenciaciaze. evropiumis de-
ficiti damaxasiaTebeli Tvisebaa im seriis fraqciuli kristalizaciisa, romel-
Sic monawileobs mindvris Spatebi (Балашов, 1976). gorab-kelasuris kompleqsis int-
ruzivebi kveTs iuramdel metamorfitebs (gorabis intruzivi), liasur naleqebs da 
baiosur porfiritul serias. gorabis da kelasuris intruzivebis samxreT perife-
riaze ganlagebulia qveda carcis (baremis) bazaluri konglomeratebi, romlis ma-
sala warmodgenilia qveSmdebare granitoidebiT. md. kelasuris xeobaSi carculi 
naleqebis qveS uSualod intruzivze ganlagebulia kimerijuli feradi wyeba. es 
mowmobs, rom kelasuris intruzivi Camoyalibda geologiuri drois viwro monak-
veTSi – Suaiurulidan gvianiurulamde. amas adasturebs gorab-kelasuris kompleq-

sis qanebis izotopuri daTariRebis mravali monacemi: K-Ar – 35 Sedegis saS. cifri 
Seadgens 165±3 mln.w, xolo Rb-Sr-is 7 monacemis – 171±3 mln.w, rac Suaiuruls 
pasuxobs (Дудаури, Тогонидзе, 1988; Dudauri et al., 1991; Vinogradov, 1991).  

kirar-abakuris intruziuli kompleqsi dakavSirebulia svaneTis antiklinori-
umTan. am kompleqsSi gaerTianebulia kiraris da abakuris polifazuri intruzive-
bi da dizis, jorkvalis da mananauris mcire zomis sxeulebi. abakuris intruzivi 
(3km2) gaSiSvlebulia bakildis qedze, kiraris intruzivi (6km2) – md. nakris da nens-
kris wyalgamyofze, dizis sxeulebi – sof. dizis raionSi, jorkvalis daika (100m 
simZ.) – sof. jorkvalis samxreTiT, mananauris SreZarRvi (100-120m) – qvemo svaneT-
Si, md. skiliris xeobaSi. abakuris intruzivi agebulia piroqsenitebiT da misi ga-
mkveTi gabroebiT. gvxvdeba anorTozitis ZarRvebic. kiraris intruzivi ZiriTadad 
warmodgenilia dioritebiT, kvarciani dioritebiT da porfirisebri granitebiT. 
dizis mcire zomis sxeulebi ZiriTadad dioritebiT, kvarciani dioritebiT da 
granodioritebiTaa agebuli, jorkvalis daika – piroqsenitebiT da gabroebiT, xo-
lo mananauris – gabroebiT, gabro-porfiritebiT da dioritebiT. kirar-abakuris 
intruziuli kompleqsis qanebis Camoyalibeba moxda Semdegi TanamimdevrobiT: pi-
roqsenitebi, gabro, dioritebi da granitebi. es qanebi ikveTeba maTTan geneturad 
dakavSirebuli analogiuri Sedgenilobis ZarRvebiT. es kompleqsi warmodgenilia 
normaluri rigis (aplitebi - subtute) kalium-natriumiani seriis qanebiT. maTi qi-
mizmis cvlilebis trendi Seesabameba kir-tute trends (sur. 2). kirar-abakuris 
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kompleqsis intruzivebi kveTs dizis serias da liasur naleqebs. K-Ar meTodiT mi-
Rebuli 5 asakobrivi cifris saSualo mniSvneloba (169,8±3 mln.w.) Suaiuruls pasu-
xobs (Дудаури, Тогонидзе, 1998). 

 

 
 

sur. 3. iSviaTmiwa elementebis ganawileba gorab-kelasuris  
intruziuli kompleqsis qanebSi 

 
1_diorituli qanebi; 2_aliaskitebi; 3_granit-porfirebi; 4_aplitebi; 5_granitebi; 6_uoli-
vino gabroebi; 7_gabro-porfiritebi; 8_oliviniani gabroebi; 9_piroqsenitebi. 

 
sanCari-bzifis intruziuli kompleqsi dakavSirebulia samxreTi ferdis mTa-

var SecocebasTan. am kompleqsSi gaerTianebulia sanCaris da bzifis intruzivebi. 
sanCaris intruzivi mTa kamenistaias samxreTi ferdidan viwro zolis (saSualo 
simZ. 1.5km) saxiT aRmosavleTiT 25km-ze md. maganas saTavemde grZeldeba. igi ZiriT-
adad agebulia dioritebiT, kvarciani dioritebiT da granodioritebiT, romlebS-
ic xSiria peridotitebis da gabroebis ubnebi da qsenoliTebi. bzifis intruzivis 
30km sigrZis da saSualod 2-2.5km siganis gamosavali gaSiSvlebulia md. maruxis 
marjvena napiridan md. labas saTaveebamde. qanebi ZiriTadad warmodgenilia grani-
toidebiT, romlebSic qsenoliTebis da ubnebis saxiT gvxvdeba gabro da diorit-
porfiritebi. orive intruzivSi xSiria mJave da fuZe Sedgenilobis ZarRvebi. sanC-
ari-bzifis intruziul kompleqsSi gvxvdeba qanebis sruli seria peridotitebidan 
granitul aplitebamde. am kompleqsSi ar gvxvdeba pegmatitebi da granitebTan da 
granitul aplitebTan erTad gvxvdeba plagiogranitebi da plagioaplitebi. komp-
leqsis qanebi miekuTvneba normalur rigs. fuZe da saSualo qanebSi gvxvdeba rog-
orc kalium-natriumiani ise natriumiani seriis qanebi. granitebi, aliaskitebi da 
aplitebi warmodgenilia kalium-natriumiani, xolo plagiogranitebi da plagioap-
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litebi – natriumiani seriiT. qanebis qimizmi icvleba ori mimarTulebiT – kir-tu-
te da trondiemituli (sur.2). ukanasknelSi aRiniSneba mkveTri diskretuloba, Tu-
mca arc kir-tute mimarTulebiT aqvs uwyveti xasiaTi. sanCari-bzifis kompleqsis 
intruzivebi kveTs rogorc kristalur substrats, aseve liasur Tixafiqlebsac. 
Cveni K-Ar asakobrivi monacemebi bzifis intruzivisaTvis biotitiT 175±2 mln.w. da 
sanCaris intruzivisaTvis rqatyuariT 167±3 mln.w. adasturebs maT Suaiurul asaks. 

eceri-mulaxis intruziuli kompleqsic dakavSirebulia samxreTi ferdis mTa-
var SecocebasTan. am kompleqsSi gaerTianebulia uSba-eceris, bangurianis, seris 
da yviTlodis intruzivebi. uSba-eceris intruziviT (45km2) agebulia baki-Carinda-
mazeri-uSbas subganeduri qedi, romelic SuaSi gaWrilia md. dolras meridianuli 
xeobiT. intruzivi rTuli agebulebisaa. misi did nawili warmodgenilia granite-
biT. intruzivis samxreT-dasavleT nawilSi diabazebis, xolo dasavleT nawilSi 
albititis gamosavalebia. intruzivSi farTodaa gavrcelebuli hibriduli qanebi, 
romlebic diabazebze da diabaz-porfiritebze granituli magmis zemoqmedebis 
produqtebia. intruzivis samxreT nawilSi granitebSi xSiria albititebis sakmaod 
didi qsenoliTebi. albititis ZarRvebi gvxvdeba diabazebSic da Semcvel Tixafiq-
lebSic. intruzivis qanebi ikveTeba granituli aplitis, granofirebis da diaba-
zebis erTeuli ZarRvebiT. bangurianis, seris da yviTlodis intruzivebi ZiriTad-
ad agebulia kvarciani diorit-porfiritebiT da granodiorit-porfiritebiT, rom-
lebSic gvxvdeba diabazebis da diorit-porfiritebis qsenoliTebi da plagioap-
litebis, granofirebis, albitofirebis da diabazebis erTeuli ZarRvebi. uSba-ece-
ris intruziuli kompleqsic xasiaTdeba magmatizmis homodromuli ganviTarebiT – 
diabazebi da diabaz-porfiritebi, diorit-porfiritebi, sxvadasxva Sedgenilobis 
granitebi. albititebi diabazebis momyoli gviani an postmagmuri emanaciis produ-
qtebia, romelTa formireba granitebis SemoWris Semdegadac gZeldeboda. zemoT 
aRwerili kompleqsebisgan gansxvavebiT aq fuZe qanebi warmodgenilia ara gabroeb-
iT da misi diferenciatebiT, aramed aradiferencirebuli diabazebiT da diabaz-
porfiritebiT, romlebic gabroebisgan gansxvavdeba ara marto struqturiT, ara-
med mineraluri SedgenilobiTac – maTSi ar gvxvdeba (iSviaTi gamonaklisis gar-
da) biotiti da olivini. aq ar gvxvdeba granituli pegmatitebi da farTodaa gavr-
celebuli albititebi da hibriduli qanebi. qimiuri SedgenilobiT albititebi da 
albitiani diabazebi tute, albitiani granitebi – subtute, danarCeni qanebi ki no-
rmaluri rigisaa. natriumiani seriisaa albititebi, albitiani diabazebi da plagi-
oaplitebi, danarCeni qanebi ki – kalium-natriumiania. qanebis qimizmi icvleba ro-
gorc kir-tute, ise trondiemituli mimarTulebiT da orive mimarTulebiT mkveTri 
wyveta aRiniSneba (sur. 2). eceri-mulaxis intruziuli kompleqsis qanebi kveTs kri-
stalur substrats, qviSis wyebas (zeda karboni – zeda permi) da liasur nale-
qebs. K-Ar da Rb-Sr meTodebiT miRebuli 3 asakobrivi cifris saSualo mniSvneloba 
172±3 mln.w. Suaiuruls pasuxobs. 

kardivaCis intruzivi (45km2) dakavSirebulia samxreTi ferdis mTavar Secoceb-
asTan da mis gaswvriv wagrZelebuli forma aqvs. igi gaSiSvlebulia md. md. avad-
xaras, aJaras, mzimTas da caxvoas saTaveebSi da agebs md. md. mzimTas da avadxaras 
wyalgamyof qeds. intruzivSi farTodaa gavrcelebuli diabazebi da hibriduli 
qanebi. am ukanasknelSi gvxvdeba erTmaneTTan TandaTanobiTi gadasvliT dakavSire-
buli qanTa mTeli seria gakvarcebuli diabazebidan granitebamde. diabazebi ikve-
Teba albititis mcire simZlavris ZarRvebiT. intruzivSi gvxvdeba granofiris Zar-
Rvebi da mcire zomis ubnebi. diabazebSi da hibridul qanebSi xSiria aplitis Zar-
Rvebi, iSviaTad gvxvdeba diabazisa da diabaz-porfiritebis daikebi. kardivaCis in-
truzivSi geologiuri dakvirvebiT dgindeba qanTa Camoyalibebis Semdegi Tanamim-
devroba: diabazebi da diabaz-porfiritebi; albititis ZarRvebi, romlebic iwvevs 
diabazebis gaalbitebas; Semdeg moxda granituli magmis SemoWra da wina fazis qa-
nebis granitizaciis gziT hibriduli qanebis mTeli seriis Camoyalibeba; grani-
tuli magmis derivatebi – plagio- da granituli granofirebi da aplitebi; di-
abazis da diabaz-porfiritis daikebi. qimiuri analizebis mixedviT albititebi, 
albitiani diabazebi da granitebis nawili subtute rigisaa, aplitebi, granofi-
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rebi da granitebis nawili – subtute, danarCeni qanebi ki normaluri rigis. Albi-
titebi, albitiani diabazebi, plagiogranitebi da plagioaplitebi warmodgenilia 
natriumiani seriiT, danarCeni qanebi ki kalium-natriumiania. kardivaCis intru-
zivis qanebis qimizmis cvlileba uSba-eceris intruzivebis qanebis analogiuria 

(sur.  2). kardivaCis intruzivi kveTs paleozour kristalur kompleqss da liasur 
Tixafiqlebs. Cvens mier K-Ar meTodiT miRebuli asakobrivi cifrebi (166±2mln.w da 
171±2mln.w) adasturebs intruzivis Suaiurul asaks. 

 
samxreT kavkasiis mTaTaSueTi 

 
am regionSi Suaiuruli intruzivebi sivrcobrivad dakavSirebulia Zirulis 

kristalur masivTan. es intruzivebia xevis, Walvanis da rikoTis, romlebic gaer-
Tianebulia xevi-Walvanis intruziul kompleqsSi.  

xevis intruzivi (~60km2) SiSvldeba md. rikoTiswylis marcxena Senakadebis da 
md. Cxerimelas marjvena Senakadebis xeobebSi da maT wyalgamyof qedze. intruzivi 
agebulia dioritebiT, granodioritebiT, biotitiani granitebiT da rqatyuara-bio-
titiani granit-porfirebiT, romlebSic gvxvdeba gabro-porfiritis qsenoliTebi. 
am ukanasknelis mozrdili ubani gaSiSvlebulia intruzivis aRmosavleT nawilSi. 
intruzivSi didi raodenobiT gvxvdeba granituli aplitebis da pegmatitebis, iS-
viaTad kvarc-porfirebis da diabazis ZarRvebi. Walvanis intruzivi (25km2) ZiriTa-
dad warmodgenilia granitebiT da granit-porfirebiT, romlebSic gvxvdeba diori-
tis mcire zomis qsenoliTebi. qanebi ikveTeba granituli aplitebis da pegmatite-
bis, kvarc-porfirebis da diabazebis ZarRvebiT. rikoTis intruzivi gaSiSvlebulia 
md. rikoTiswylis xeobaSi. misi gamosavali iwyeba rikoTis gvirabis dasavleTi po-
rtalidan 3km-iT qveviT da gzatkecilis gaswvriv 400 m-ze grZeldeba. intruzivi 
warmodgenilia kaliSpatis Semcveli piroqsenitebiTa da gabro-piroqsenitebiT 
(rikoTitebiT), romlebic ikveTeba spesartit-vogezitis rigis lamprofiruli Zar-
RvebiT. xevi-Walvanis intruziuli kompleqsis qanebis Camoyalibeba Semdegi Tanami-
mdevrobiT xdeba: piroqsenitebi da gabro-piroqsenitebi, gabro-porfiritebi, dior-
itebi, granitebi da granit-porfirebi, aplitebi, pegmatitebi da kvarc-porfirebi. 
qimiuri SedgenilobiT rikoTitebi kaliumiani, iSviaTad kalium-natriumiani seriis 
normaluri rigis qanebia. xevis da Walvanis intruzivis yvela qani miekuTvneba no-
rmaluri rigis (aplitebi-subtutea) kalium-natriumian serias. aRniSnul kompleq-
sSi aRiniSneba qanTa qimizmis cvlilebis uwyveti xasiaTi, romlis trendi kir-tu-
te trends Seesabameba (sur. 2). xevi-Walvanis intruziuli kompleqsis qanebi kveTs 
Zirulis kristalur masivs, baiosis porfiritul serias da transgresiulad ifa-
reba qveda carcis karbonatuli naleqebiT. rikoTitisTvis biotitiT K-Ar asaki 
166±11 mln.w. (Хмаладзе, 1970) da 179±6 mln.welia (Дудаури, Тогонидзе, 1989), xolo xevis 
da Walvanis intruzivebisaTvis K-Ar da Rb-Sr meTodebiT miRebuli 9 asakobrivi ci-
fris saSualo mniSvneloba 169±3mln.w., rac Suaiuruls pasuxobs. 

 
mcire kavkasionis naoWa sistema 

 
am regionSi Suaiuruli intruzivebi dakavSirebulia loqis kristalur masiv-

Tan, romelic mdebareobs loq-yarabaxis teqtonikur zonaSi (Гамкрелидзе, 2000).    
esenia loqis, foladauris da dambludis mcire zomis intruzivebi (Вашaкидзе, 
1998), romlebic gaerTianebulia loqi-foladauris kompleqsSi.  

loqis intruzivi (~3km2) gaSiSvlebulia loqis masivis Crdilo nawilSi md. 
loqis xeobaSi, foladauri (~2km2) – masivis aRmosavleT nawilSi md. foladauris 
xeobaSi, dambludis ki loqis masivSi md. dambludis xeobaSi. aRniSnuli kompleq-
si ZiriTadad agebulia granitoidebiT – kvarciani dioritebiT, granodioritebiT, 
granitebiT, plagiogranitebiT, aliaskitebiT. mcire raodenobiT gvxvdeba amfibo-

liani gabroebi. es qanebi ikveTeba aplitebisa da kvarc-porfirebis mcire sim-

Zlavris ZarRvebiT. yvela qani normaluri rigis kalium-natriumiani seriisaa. mxo-
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lod plagiogranitebi da zogierTi apliti miekuTvneba natriumian serias. komp-
leqsis qanTa qimizmis cvlileba trondiemituli mimarTulebisaa, mxolod apli-

tebis nawili gvxvdeba kir-tute mimarTulebis trendTan (sur.2). 
dambludis sxeuli loqis kristaluri masivis farglebSia. loqisa da fola-

dauris intruzivebi kveTs rogorc kristalur substrats, aseve liasur naleqebs, 
xolo foladauris intruzivze transgresiulad fuZis formaciiT ganlagebulia 
zedacarculi naleqebi e.i. geologiuri monacemebiT aRniSnuli kompleqsi liasu-
ris Semdgomia. am kompleqsis qanebisaTvis miRebuli 6 izotopuri asakis saSualo 
mniSvneloba 176±5mln.w. adasturebs mis Suaiurul asaks (Вашaкидзе, 1998).  

loqi-foladauris intruziuli kompleqsi zemoT aRwerili kompleqsebisagan 
gansxvavdeba magmuri procesis sisustiT (intruzivebis gavrcelebis farTi 7,5km2-s 
ar aRemateba) da qanTa naklebi mravalferovnebiT. amis mizezi albaT loq-yaraba-
xis zonis geologiuri agebulebis da misi ganviTarebis istoriis kavkasionis nao-
Wa sistemisa da amierkavkasiis mTaTaSueTisgan mkveTri gansxvavebiT unda aixsnas. 

 
Suaiuruli magmatizmis ganviTarebis zogadi kanonzomierebani 

 
baiosur saukuneSi wyalqveSa arealuri vulkanuri moqmedebis Sedegad Camo-

yalibda bazalturi qanebis mZlavri (3km-mde) seria, romelsac a.janeliZem “baiosu-
ri porfirituli wyeba” uwoda. es seria farTod aris gavrcelebuli kavkasiaSi. 
saqarTvelos teritoriaze didi farTobi (~4000km2) ukavia. kavkasionis samxreTi 
ferdis gagra-javis zonaSi seriis saSualo simZlavre 222.5 m-ia. am monacemebis mi-
xedviT amofrqveuli masalis moculoba ~ 9000km3-ia. porfiritul serias SedarebiT 
naklebi gavrceleba aqvs Zirulisa da loqis kristaluri masivebis midamoebSi. 

baiosur porfiritul seriaSi petrografiuli da petroqimiuri Taviseburebe-
bis mixedviT gamoiyofa Semdegi met-neklebad gamwe stratigrafiuli horizontebi, 
romlebic qvevidan zeviT  Semdegi TanamimdevrobiTaa ganlagebuli: 1. spilitebi; 2. 
avgit-labradoriani porfiritebi; 3. rqatyuariani da plagioklaziani porfiritebi; 
4. hipersteniani bazaltebi; 5. biotitiani porfiritebi (traqiandezitebi); 6. mJave 
qanebi (keratofirebi, kvarciani porfiritebi). vulkanuri  seria agebulia lavebiT, 
lavuri da tufuri breqCiebiT. piroklasturi masala 5-6-jer aRemateba masiur la-
vebsa da lavur breqCiebs. eqsploziurobis aseTi maRali xarisxi mowmobs vulka-
nizmis feTqebad xasiaTs da mdnarSi qroladebis maRal Semcvelobas. baiosuri 
vulkanizmis produqtebi warmodgenilia kir-tute, sustad diferencirebuli baza-
lt-andezit-riolituri seriiT, amasTan saSualo da mJave qanebi Zlier damorCi-
lebuli raodenobiTaa (janeliZe, 1969; Дзоценидзе, 1948, 1962; Джанелидзе, 1970; Беридзе, 
1970; Джанелидзе, Надареишвили, 1999).  

baiosuri vulkanuri seriis sawyisi magmis Sedgenilobis dasadgenad Cven Cava-
tareT yvela qanis qimiuri analizebis statistikuri damuSaveba. amasTan mxedvelo-
baSi miviReT TiToeuli horizontis simZlavris xvedriTi wili seriis mTlian 
WrilSi. analizebi aviReT zemoT dasaxelebuli avtorebis gamoqveynebuli naSro-
mebidan. miRebuli Sedegi mowmobs vulkanuri seriis sawyisi magmis bazaltur Sed-
genilobas, xolo stronciumis dabali izotopuri Sefardeba (87Sr/86Sr ≈ 0.703-0.704) 
adasturebs mis mantiur warmoSobas (Дудаури и др., 2004). 

baiosuri saukunis bolos, vulkanuri aqtivobis dasasrulamde, daiwyo teqto-
nikuri moZraobebi (Cegemuri faza), romelmac maqsimums baTur saukuneSi miaRwia. 
baiosSi gabatonebuli dedamiwis qerqis gaWimvis da destruqciis reJimi Seicvala 
SekumSvisa da azevebis reJimiT. am dros Camoyalibda mravali intruziuli sxeuli 
dakavSirebuli sxvadasxva geoteqtonikur zonasTan, romlebic garkveuli kriteri-
umebis safuZvelze intruziul kompleqsebad iqna gaerTianebuli. 

Suaiuruli intruziuli kompleqsebi yalibdeboda hipabisur pirobebSi magmu-
ri procesis ganviTarebis homodromuli mimarTulebiT. magmatizmis ganviTarebis 
ganzogadoebuli modeli, romelic damyarebulia intruzivebSi qanebis geologiu-
ri urTierTobebis mixedviT dadgenil magmuri fazebis SemoWris Tanamimdevrobaze, 
Semdegia: fuZe magmis diferenciatebi (peridotitebi, piroqsenitebi, sustad gamov-
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lenili anorTozitebi) – gabro da oliviniani gabro – dioritebi – granitebi – 
granit-porfirebi – aliaskitebi – aplitebi da pegmatitebi. 

am zogadi kanonzomierebisgan, fuZe magmatizmis ganviTarebis TvalsazrisiT, 
mkveTrad gansxvavdeba uSba-ecerisa da kardivaCis intruzivebi. am intruzivebis Ca-
moyalibebis pirvel fazaSi SemoWril fuZe magmas diferenciacia ar ganucdia da 
dakristalda diabazebis, diabaz-porfiritebisa da iSviaTad pegmatoidebis saxiT. 
diabazuri qanebi sxva intruzivebis gabrosgan gansxvavdeba ara marto struqtu-
riT, aramed mineraluri SedgenilobiTac. maTSi uaRresad iSviaTia olivini da bi-
otiti, maSin rodesac gabroebSi es mineralebi gvxvdeba yovelTvis da xSirad qan-
maSeni mineralebis saxiT. gabroSi plagioklazi bitovnitiT, anorTitiT, iSviaTad 
labradoriT aris warmodgenili, maSin rodesac diabazebSi farTod aris gavrce-
lebuli albitiani saxesxvaobebi. aRniSnul intruzivebSi gavrcelebulia albiti-
tebis daikebi da mcire zomis sxeulebi, xolo intruzivebSi, romlebSic fuZe mag-
ma diferencirebulia, albititebi da saerTod albitiani qanebi ar gvxvdeba. 

gabrouli magma mantiuri warmoSobisaa. gabroSi, piroqsenitsa da anorTozit-

Si stronciumis izotopebis pirveladi Sefardeba sakmaod dabalia – (87Sr/86Sr ≈ 
0.704-0.705). amgvarad baiosuri porfirituli seriis bazalturi magmis da Suaiuru-
li intruzivebis gabrouli magmis wyaro zeda mantiaa. porfirituli seriisa da 
gabros qimiuri analizebis saSualo mniSvnelobebis Sedareba gviCvenebs, rom baza-
lturi magma gamodna gauRaribebeli mantiidan, xolo gabrouli magma gaRaribe-
buli mantiuri rezervuaridan, romelic SedarebiT gamdidrebuli iyo Mg, Fe da 
gansakuTrebiT Ca-iT. 

Suaiurul intruziul kompleqsSi gabatonebuli adgili ukavia granitoidebs. 
gorab-kelasuris kompleqsSi Semaval kelasuris intruzivSi daaxloebiT 95% gra-
nitoidebze modis. aq srulad aris warmodgenili mJave qanebis diferencirebuli 
rigi. gorabis intruzivSi granitebi ar aris. igi agebulia gagranitebuli diori-
tebiT, kvarciani dioritebiT da granodioritebiT. es qanebi ikveTeba granituli 
aplitebisa da pegmatitis ZarRvebiT. analogiuri suraTia xevi-Walvanis kompleqs-
Si Zirulis masivze. kirar-abakuris kompleqsSi granitebi damorCilebuli raode-
nobiT aris. sanCari-bzibis intruziul kompleqsSi gabatonebulia mJave qanebi. uS-
ba-eceris kompleqsSi mJave qanebi sakmaod gavrcelebulia. es qanebi aq warmodgeni-
lia biotitiani, albitiani da mikropegmatituri granitebiT, plagiogranitebiT da 
aplitebiT. kardivaCis intruzivSi mJave qanebi warmodgenilia tute granitebiT, 
granofirebiT, plagiogranofirebiT. gavrcelebulia granituli da plagiograni-
tuli aplitis ZarRvebi. loqi-foladauris kompleqsSi gabatonebulia granitoide-
bi da maTi ZarRvuli derivatebi. 

amgvarad aSkaraa, rom Suaiurul kompleqsebSi granitoidebia gabatonebuli. 
fuZe da saSualo qanebi SedarebiT damorCilebulia. 

granitebis warmoSobis sakiTxi, miuxedavad misi mravaljeradi sajaro ganxi-
lvisa, dResac warmoadgens Tanamedrove geologiis fundamentur problemas. es in-
teresi imiT aris ganpirobebuli, rom: 1. bunebaSi granitebi farTod aris gavrce-
lebuli. ZiriTadad am qanebiT aris agebuli dedamiwis kontinenturi qerqi; 2. gra-
nitebis mineraluri da qimiuri Sedgeniloba identuria, miuxedavad maTi sxvada-
sxva gziT warmoSobisa. 

XX saukunis 70-ian wlebSi b. Capelma da l. uaitma (Chappell, White,1974) gamoyves 
granitebis ori jgufi – I da S, romelsac safuZvlad daudes granitebis minera-
luri da qimiuri Sedgeniloba, nivTierebis wyaros sakiTxi da warmoSobis geolo-
giuri pirobebi. aRsaniSnavia, rom orive tipis graniti qerquli warmoSobis aris. I 
tipis granitebis magmis gamodnoba magmuri qanebidan xdeba. am tipis granitebi kir-
tute serias miekuTvneba. rogorc wesi maTSi muskoviti ar gvxvdeba. S tipis grani-
tebis magmis gamodnoba danaleqi qanebidan xdeba. am tipis granitebi maRalTixami-
wiania, granitul mineralebTan erTad aris muskoviti, iSviaTia rqatyuara. d. bel-
iankinma (Белянкин, 1939) daadgina, rom kavkasiaSi kristaluri masivebis Zveli qane-
bisTvis damaxasiaTebelia mesriani mikroklini, xolo ufro axalgazrda granitoi-
debisTvis – umesro kaliumiani mindvrisSpati – anorToklazi. aseT intruzivebs 
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man neointruzivebi uwoda. am empiriulma petrografiulma niSanma mniSvnelovani 
roli Seasrula axalgazrda (paleozouris Semdgomi)Ointruzivebis aRmoCenasa da 
SeswavlaSi. Cvens mier Suaiuruli granitoidebis Seswavlis dros dadginda meore 
petrografiuli Tavisebureba, kerZod is, rom am qanebSi qarsi warmodgenilia mxo-
lod biotitiT, muskoviti “akrZaluli” mineralia. igi damaxasiaTebelia mxolod 
paleozouri granitoidebisTvis. aRniSnuli niSnisa da sxva Taviseburebebis mixed-
viT Suaiuruli granitoidebi am qanebis I tips miekuTvneba. 

Suaiuruli granitoidebis momcemi magmis warmoSobas Cven palingenurad 
vTvliT, gamodnobils sialuri qerqidan im siTbos gavleniT, romelic moitana 
winamorbedma gabroulma magmam. 

kavkasionis samxreT ferdze Suaiuruli mravalfaziani intruzivebis agebule-
baSi mniSvnelovan rols TamaSobs granitoidebi. es intruzivebi gvxvdeba mxolod 
afxazeTSi da zemo svaneTSi. mJave intruziuli qanebi ar gvxvdeba ufro aRmosav-
leTiT – zemo raWaSi, maSin rodesac aq aris diabazis da gabro-diabazis sakmaod 
mozrdili intruzivebi. am faqtma dagvarwmuna, rom sawyisi fuZe magmis mier mota-
nili siTbo sakmarisi ar iyo qerqidan mJave masalis gamodnobisTvis. 

Suaiuruli intruziuli kompleqsebi sivrcobrivad yvelgan dakavSirebulia 
baiosuri porfirituli seriis gamosavlebTan. baiosurSi udidesi moculobis ba-
zalturi masis SemoWram sruliad Secvala miwis qerqSi temperaturuli da flui-
duri reJimi da moamzada pirobebi kristaluri fundamentis dnobisaTvis. TviT ba-
iosuri vulkanogenebis agebulebaSi mJave qanebi Zlier mcire raodenobiT mona-
wileobs. qerqidan mJave magmis gamodnobas biZgi misca gabroulma magmam, romelic 
SemoiWra baiosuri vulkanuri moqmedebis bolo etapze an uSualod vulkanizmis 
damTavrebis Semdeg. aRweril movlenas Cven granituli magmis warmoSobis orsafe-
xuriani Termuli modeli vuwodeT. am modelis mixedviT aucilebel pirobas war-
moadgens sami faqtoris erToblioba: 1. sialuri kristaluri qerqis arseboba; 2. 
baiosurSi mZlavri vulkanuri aqtivoba; 3. vulkanizmis uSualod momyoli gabro-
uli magmis SemoWra (Дудаури и др., 2004). 

Suaiurul granitoidebSi 87Sr/86Sr ≈  0,705 – 0,706. es mniSvnelobebi mantiuris da 
qerqulis Sorisaa. udavoa, rom Suaiuruli granituli magma palingenuri warmoSo-
bisaa da ar warmoadgens fuZe magmis diferenciaciis produqts. stronciumis daba-
li izotopuri Sefardeba SeiZleba ganpirobebuli iyos erTis mxriv substratis 
qanebSi misi dabali SefardebiT da meores mxriv mantiuri fluidebis zemoqmede-
biT mdnaris warmoSobis zonaze. 

dabejiTebiT unda iTqvas, rom Suaiuruli (baTuri) granitoidebi warmoiSva 
mJave mdnaris kristalizaciis Sedegad. intruzivebi yalibdeboda hipabisur piro-
bebSi, 3 km-ze nakleb siRrmeze, radgan isini kveTs baiosur porfiritul serias, 
romlis simZlavre 3 km-s ar aRemateba. granituli magmis SemoWra moxda SekumSvis 
pirobebSi, rac gamowveuli iyo baTuri teqtonikuri fazis zemoqmedebiT. am mxriv 
Suaiuruli intruzivebi sinorogenul sxeulebs warmoadgens. 

baiosuri vulkanogenebisa da intruziuli sxeulebis sivrcobrivi da genetu-
ri kavSiris gamo Cven gamovyaviT Suaiuruli vulkanur-plutonuri asociacia.  

 
gviancarculi intruziuli magmatizmi 

 
samxreT kavkasiis mTaTaSueTi 

 
am regionSi farTo gavrcelebiT sargeblobs gviancarculi asakis teSenitebi. 

maTi gamosavlebi ZiriTadad dasavleT saqarTveloSi gvxvdeba, sadac isini dakav-
Sirebulia azevebis centraluri zonis okriba-xreiTis qvezonasTan (И. Гамкрелидзе, 
2000). es intruzivebia kursebi, cucxvaTi, ofurCxeTi (ToneTi), banoja, kaloubani, 
kudoti da sxva – saqarTvelos beltis farglebSi da nikorwminda da xonWiori – 
raWa-leCxumis sinklinis samxreT frTaSi. teSenitis sxeuli gvxvdeba aRmosavleT 
saqarTveloSic, mdinare ioris xeobaSi, mestia-TianeTis naoWa-fliSuri zonis Jin-



35 
 

val-gomboris qvezonaSi (И. Гамкрелидзе, 2000). teSenitebis sxeulebi SreZarRvebiT 
aris warmodgenili.  

kursebis sxeuli (100 m simZlavris) TanxmobiTaa ganlagebuli baTur Tixafiq-
lebSi. cucxvaTis sxeuli (100-120 m) gaidevneba 6.5 km-ze da dakavSirebulia qvedaba-
Tur fiqlebTan. ofurCxeTis teSenitebi (80-90 m) zeda baiosisa da baTuris sazR-
varzea ganlagebuli da 4-5 km-ze gaidevneba. banojas sxeuli (40-50 m) qvedacarcul 
naleqebSia moqceuli da 2 km-mde gaidevneba. Semcvel qanebSi aRiniSneba teSeniteb-
is 10 sm-dan 2 m-mde apofizebi. kaloubnis sxeuli (30-35 m) gaSiSvlebulia zedaba-
Tur naleqebSi, kudotis (35-40 m) – baiosis fiqlebsa da baTur qviSaqvebs Soris 
(Схиртладзе, 19421, 1943). nikorwmindis teSenitis SreZarRvi dakavSirebulia albur 
mergelebTan da mergelovan kirqvebTan. xonWioris teSeniti (14m) gaSiSvlebulia 
qvedacarcul kirqvebSi. 

ioris teSeniti md. ioris xeobaSi zedacarcul (zedasenoman-turoni) naleqeb-
Sia gaSiSvlebuli. igi sinklinis orive frTaSi gamodis – Cdilo frTaSi simZlav-
re 56 m-ia, samxreTSi – 40-47 m. ZarRvi araerTgvarovania. Crdilo frTaSi misi zeda 
kididan qveviT gamoiyofa qanTa Semdegi saxesxvaobebi: mandelStainuri bazalti; 
barkevikit-piroqseniani teSeniti; barkevikitiani teSeniti; nefelinian-piroqseniani 
teSeniti; barkevikit-piroqseniani teSeniti biotitiT; barkevikit-piroqsenian-bioti-
tiani teSeniti oliviniT (Герасимов, 1931).  

dasavleT saqarTvelos teSenitebi da maTi Semcveli qanebi ikveTeba leiko-
kratuli da melanokratuli ZarRvebiT. leikoZarRvebi wamodgenilia feldSpato-
idiani sienitebiT, xolo melanokratuli – eseqsitebiT, kamptonitebiTa da monCiki-
tebiT (Схиртладзе, 19422, 1948).  

teSenitebi muqi-nacrisferi, TiTqmis Savi, zogjer momwvano an Ria-nacrisferi 
wvril-, saSualo- an msxvilkristaluri, xSirad forovani qanebia. Cveulebriv Sre-
ZarRvebi periferiebSi ufro wvrilkristaluri da muqia. teSenitebis struqtura 
ofituri an poikiloofituria, zogjer porfiruli. qanmaSeni mineralebia plagio-
klazi, monoklinuri piroqseni, kaliSpati, analcimi, barkevikiti (zogi sxeulis 
periferul nawilebSi), olivini (ZiriTadad centralur nawilebSi da ara yvela 
intruzivSi). ceoliTebidan gvxvdeba natroliti da tomsoniti. 

qimiuri SedgenilobiT aRniSnuli qanebi tute da subtute rigis (sur. 4) ka-
lium-natriumiani, iSviaTad natriumiani seriis qanebia (sur. 5).  

 

 

 
 

 
 

 
sur. 4. teSenitebis ganlageba klasifikaciur diagramaze. 

1. teSenitebi; 2. feldSpatoidiani sienitebi. 
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sur. 5. teSenitebis ganlageba Na2O- K2O Ddiagramaze 
 

I_III seriebi: I _ kaliumiani; II _ kalium-natriumiani; III _ natriumiani. 
1. teSenitebi; 2. feldSpatoidiani sienitebi. 

 
teSenitebi kveTs mezozour naleqebs dawyebuli zeda baiosidan qveda carcis 

CaTvliT, xolo ioris teSeniti – zeda senoman-turonulsac. mkvlevarebi teSenite-
bis asakis Sesaxeb sxvadasxva azrs gamoTqvamdnen – Tvlidnen carculis Semdgo-
mad, carculad, mesameulad da sxva. teSenitebis asakis dasadgenad gamoyenebul 
iqna izotopuri daTariRebis K-Ar meTodi (Дудаури и др.,1989; Тогонидзе, Дудаури, 1982). 
daTariRebul iqna teSenitebis TiTqmis yvela gamosavali. 11 analizis saSualo 
mniSvneloba 90±5 mln.w-ia. miRebulma Sedegebma gviCvena dasavleT saqarTvelos, 
raWisa da ioris teSenitebis sinqronuloba da maTi gviancarculi asaki. 

 
mcire kavkasionis naoWa sistema 

 
 am regionis arTvin-bolnisis zonaSi (И. Гамкрелидзе, 2000), loqisa da xramis 

kristalur masivebs Sua, farTodaa gavrcelebuli zedacarculi subvulkanuri in-
truzivebi, warmodgenili ZarRvebiT, daikebiTa da Stokiseburi sxeulebiT. isini 
sivrcobrivad dakavSirebulia aq arsebul farTo sinklinur struqturaSi gavrce-
lebul zedacarcul vulkanogenur-danaleq wyebasTan. intruzivebs Soris minera-
luri Sedgenilobis mixedviT gamoiyofa piroqseniani kvarciani porfiritebi, al-
bitofirebi, kvarciani albitofirebi da biotitiani kvarciani porfiritebi. mcire 
raodenobiT gvxvdeba agreTve fuZe ZarRvebic (dudauri, 1960, 1962, 1967).  

piroqseniani kvarciani porfiritebi dakavSirebulia senomanur vulkanogenur-
karbonatul wyebasTan. yvelaze didi sxeuli – loqis daika (sigrZe 15 km., maqs. si-
mZlavre 1600 m) md. foladauris marcxena ferdidan md. dambludis xeobamdea ga-
SiSvlebuli. piroqseniani kvarciani porfiritis Stokiseburi sxeulebi da daikebi 
aRiniSneba md. forTforTisa da moluRlus wyalgamyof qedze da sof. samwveri-
sTan. sxeulebs axasiaTebT paralelepipeduri an sveturi ganwevreba.  

piroqseniani kvarciani porfiritebi nacrisferi, momwvano- an moyavisfro nac-
risferi masiuri qanebia. struqtura porfiruli. ZiriTadi masa srulkristaluri, 
sferoliTuri an mikropegmatituri. porfiruli gamonayofebi warmodgenilia pla-
gioklaziT da monoklinuri piroqseniT, iSviaTad kvarciT, romelic udavod int-
rateluruli warmoSobisaa. qani calkeul sxeulSi da sxeulis ubnebSi sxvadasxva 
xarisxiTaa gakvarcebuli. zogan ZiriTad masaSi plagioklazis leistebs Soris 
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gvxvdeba patara marcvlebis saxiT, zogjer ki mikropegmatitur struqturebs war-
moSobs. meoradi mineralebidan gvxvdeba delesiti, kalciti, epidoti. 

albitofirebis ZarRvebi da Stokiseburi sxeulebi zedacarculi vulkanuri 
seriis mTel farTobze gvxvdeba. ZarRvebi ganeduri mimarTebisaa, Crdilo – Crdi-
lo-dasavluri daqanebiT, <40-450. simZlavre – erTeulidan 120 m-de, mimarTebaze 
gavrceleba – ramdenime aTeuli metridan 3-4 km-de. Stokiseburi sxeulebis dia-
metri 30-50 m-is farglebSia. qanebisTvis damaxasiaTebelia svetiseburi ganwevreba. 

albitofirebi zogjer moyviTalo an movardisfro muqi-nacrisferi qanebia. 
struqtura porfiruli, srulkristaluri an vitrofiruli struqturis ZiriTadi 
masiT. porfiruli gamonayofebi warmodgenilia plagioklaziT. zogan gvxvdeba 
biotitis xarjze warmoSobili qloritis qerclebi da maTTan dakavSirebuli mad-
neulis marcvlebi. porfiruli gamonayofebi qanis ~7% Seadgens. vitrofiruli 
masa warmodgenilia mwvane feris mJave vulkanuri miniT. srulkristalur ZiriTad 
masas zogjer sferoliTuri struqtura aqvs. sferoliTebi warmodgenilia plagi-
oklaziT, maT Soris sivrce Sevsebulia kvarciT, qloritiT da madneuliT.  

kvarciani albitofirebis ZarRvebi da Stokiseburi sxeulebi farTodaa gavr-
celebuli zedacarcul vulkanur seriaSi. daikebis mimarTeba Crdilo-aRmosavlu-
ria, simZlavre – ramdenime aTeulidan 150 m-de, iSviaTad 250 m-de, mimarTebaze gav-
rceleba – 0,5-2 km. Stokebis diametri ramdenime aTeulidan 500 m-dea. sof. saraC-
los aRmosavleTiT, md. Sulaveris da saxsaganis wyalgamyof qedze gaSiSvlebu-
lia kvarciani albitofiris mZlavri (4,5km2) sxeuli.  

kvarciani albitofirebi nacrisferi, xorcisferi, zogjer moyviTalo feris 
masiuri qanebia, plagioklazis da bipiramidaluri kvarcis kargad SesamCnevi por-
firuli gamonayofebiT. struqtura porfiruli, ZiriTadi masa –  mikrokristalu-
ri, sferoliTuri an vitrofiruli. porfiruli gamonayofebi warmodgenilia pla-
gioklaziT, kvarciT da zogjer Secvlili piroqseniT. maTi raodenoba qanis 35-
37% Seadgens. ZiriTadi masa warmodgenilia kvarciT da plagioklaziT. gvxvdeba 
agreTve qloriti, biotiti da aqcesorebi – apatiti, cirkoni da madneulebi. 

biotitiani kvarciani porfiritebi mcire gavrcelebiT sargeblobs. yvelaze 
didi Stokiseburi sxeulis (500 m × 300 m) gamosavali q. bolnisTanaa, didi daikis 
– sof. akaurTasTan (simZlavre 40-50 m. gaidevneba 2 km-ze). 

biotitiani kvarciani porfiritebi nacrisferi, zogjer mowiTalo-nacrisferi 
qanebia, makroskopulad kargad SesamCnevi plagioklazis, bipiramiduli kvarcisa 
da biotitis porfiruli gamonayofebiT. maTi raodenoba qanis masis 30-32% Sead-
gens. ZiriTadi masa vitrofiruli an sferoliTuri struqturisaa. sferoliTebi 
warmodgenilia plagioklaziT, romelSic zogjer biotitis qerclebic gvxvdeba. 
orive tipis ZiriTad masaSi gvxvdeba kvarcis marcvlebi da dagrovebebi, zogjer 
ZarRvakebic. masa xSirad gaJRenTilia hematitiT, romelic agreTve warmoSobs dag-
rovebebs da ZarRvakebs. aqcesorebidan gvxvdeba apatiti, cirkoni da madneulebi.  

fuZe ZarRvuli qanebi mJave subvulkanuri sxeulebisgan gansxvavebiT mcire 
gavrcelebiT sargeblobs. maTSi gamoiyofa mikrodiabazebi, diabaz-porfiritebi da 
porfiritebi. mikrodiabazebi warmodgenilia avgit-labradoriani saxesxvaobiT. qa-
ni agebulia plagioklazis leistebiT da maT Soris ganlagebuli piroqsenis xar-
jze warmoSobili qloritisa da madneuli mineralis marcvlebiT. gvxvdeba piroq-
senis reliqtebic. diabaz-porfiritebi SedarebiT farTodaa gavrcelebuli. momw-
vano-nacrisferi mWidro qanebia, romlis muq fonze kargad Cans plagioklazis Te-
Tri porfiruli gamonayofebi. isini qanis masis 30-40% Seadgens. ZiriTad masas of-
ituri struqtura aqvs. Sedgeba plagioklazis leistebisa da maT Soris ganlageb-
uli monoklinuri piroqsenis da madneulis marcvlebisa da qloritis qerclebis-
gan. porfiritebi warmodgenilia avgit-labradoriani saxesxvaobiT. Savi feris qa-
nebia. makroskopulad Cans plagioklazis da muqi mineralis porfiruli gamonayo-
febi. maTi raodenoba qanis ~30% Seadgens. ZiriTadi masa mikrodiabazuria. agebu-

lia plagioklazis leistebiT da maT Soris ganlagebuli piroqsenis da madneu-
lis marcvlebiT da qloritis qerclebiT. 
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mJave subvulkanuri sxeulebi warmodgenilia normaluri rigis, iSviaTad sub-
tute rigis qanebiT. piroqseniani kvarciani porfiritebi kalium-natriumiania, al-
bitofirebSi gvxvdeba rogorc kalium-natriumiani, ise natriumiani seriis qanebi, 
xolo kvarcian albitofirebSi ZiriTadad kalium-natriumiani, iSviaTad natriumi-
ani seriis qanebia. 

dadgenil iqna sxvadasxva Sedgenilobis subvulkanuri sxeulebis urTierTda-
mokidebuleba (Дудаури,1965). piroqseniani kvarciani porfiritis loqis daika ikve-
Teba albitofiris daikebiT, xolo albitofirebi (berdikis cixis aRm. da sxv.) – 
kvarciani albitofiris daikebiT. e.i. sxeulebis SemoWra Semdegi TanamimdevrobiT 
moxda: piroqseniani kvarciani porfiritebi, albitofirebi, kvarciani albitofire-
bi. biotitiani kvarciani porfiritebi, faunisturad santonurad daTariRebul 
naleqebSi (Гамбашидзе,1958) moqceuli analogiuri Sedgenilobis mqone piroklasto-
liTebis mixedviT, santonurad TariRdeba. rac Seexeba fuZe ZarRvebs, avgit-labra-
doriani porfiritebi sivrcobrivad dakavSirebulia santonurad daTariRebul fu-
Ze vulkanitebTan da bunebrivia davuSvaT maTi santonuri asaki. sof. saraClosTan 
diabaz-porfiritis daika kveTs kvarcian albitofirs, rac fuZe daikis ufro axa-
lgazrda asakze miuTiTebs. 

samxreT-aRmosavleT saqarTveloSi gviancarculSi mZlavr vulkanur aqtivo-
bas moyveba drosa da sivrceSi dakavSirebuli subvulkanuri sxeulebis mTeli ri-
gi. es warmonaqmnebi qmnis vulkanur-subvulkanur asociacias. 

 
gviancarculi tute magmatizmis ganviTarebis Taviseburebani 

 
teSenitebis hipabisuri intruzivebi farTod aris gavrcelebuli dasavleT sa-

qarTveloSi. erTi sxeuli cnobilia aRmosavleT saqarTveloSic, md. ioris xeoba-
Si, daba TianeTis samxreTiT. es sxeulebi ZiriTadad sxvadasxva simZlavris ZarR-
vebs warmoadgens. 

cnobilia, rom dedamiwis qerqis agebulebaSi tute qanebi metad damorCile-
bul rols TamaSobs. es qanebi dakavSirebulia baqnebis periferiebTan da konso-
lidirebul naoWa sistemebTan. maTi gamovlineba gvxvdeba agreTve kontinentur ri-
ftul struqturebSi da kontinentis maxlobel kunZulebze. 

dasavleT saqarTvelos teSenitebi dakavSirebulia saqarTvelos beltis mtki-
ce substratTan da agreTve CrdiloeTiT masTan mimdebare raWa-leCxumis sinklin-
ur struqturasTan. 

tute magmatizmis ganviTarebisTvis aucilebel pirobas warmoadgens dedami-
wis qerqis destruqcia, mantiamde CaRweuli siRrmuli rRvevebis gaCena, romlebic 
asrulebs magmis amomyvani arxis rols. gviancarculSi saqarTvelos beltSi aseT 
arxs warmoadgenda subganeduri siRrmuli rRveva. ioris teSenitic agreTve dakav-
Sirebulia siRrmul RrvevasTan, romelic gaidevneba avadxaridan sabaTlomde 
(Иоселиани и др., 1989). 

dasavleT saqarTveloSi farTo gavrceleba aqvs zedacarcul (turon-santo-

nur) tute Sedgenilobis vulkanogenur wyebas, romelic mTavaris saxelwodebiT 
aris cnobili (Дзоценидзе, 1948; Гугушвили, 1968). es wyeba erTmaneTisgan izolirebu-
li gamosavlebis saxiT gavrcelebulia saqarTvelos beltis dasavleT nawilSi 
(quTaisi-wyaltubos raioni). cnobilia agreTve calkeuli gamosavlebi md. wyalwi-

Telas xeobaSi sof. gordisa da saCiqobaos maxloblad da raWa-leCxumis samxreT 
frTaSi. arsebuli gamosavlebis saerTo farTobi 187 km2 Seadgens (Гугушвили, 1968). 
bunebrivia vifiqroT, rom wyebas vulkanuri moqmedebis damTavrebis dros ekava 
mniSvnelovnad ufro didi farTobi. mTavaris wyeba agebulia tute qanebis sruli 
seriiT. es aris: pikrit-bazaltebi, analcim-oliviniani bazaltebi, traqibazaltebi, 
traqiandezitebi, traqitebi da fonoliTebi. wyebis simZlavre 300-800 m-is farg-
lebSi meryeobs (Дзоценидзе, 1948; Гугушвили, 1968). 

mTavaris wyebisa da teSenitebis mineraluri da qimiuri msgavsebis gamo gamo-
Tqmuli iyo mosazreba am warmonaqmnebis geneturi kavSiris Sesaxeb (Дзоценидзе, 
1948; Заридзе, 1947). magram im dros saimedo monacemebi teSenitebis asakis Sesaxeb ar 
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arsebobda. SemdgomSi Cvenma monacemebma daadastura teSenitebis gviancarculi as-
aki (Дудаури и др., 1989). Cvens xelT arsebuli stronciumis izotopuri Sefardebis 
mniSvneloba teSenitebis apatitebSi Seesabameba mantiur sidides (87Sr/86Sr ≈ 0,703). es 
monacemi SeiZleba gavrceldes mTavaris wyebazec. 

mTavaris vulkanogenuri wyebisa da teSenitebis mineraluri da qimiuri Sedge-
nilobis msavseba, warmoSobis geologiuri pirobebis identuroba, sivrcobrivi si-
axlove, erTasakovneba da aqedan gamomdinare geneturi kavSiri, safuZvels gvaZ-
levs gamovyoT gviancarculi tute vulkanur-plutonuri asociacia. 
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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. 
 

Геологическая позиция вулканогенных месторождений цветных металлов палеоостроводужных 

сооружений и условия их формирования. М.А.  Кекелия, С.А. Кекелия, Г.Л. Асатиани, Н.Г. Садрадзе,    

Н. З. Гагнидзе, Ш. Абдулаева,  А. Исмайлова. Министерство просвещения и науки Грузии, ЮЛОП  институт 
геологии им. А. Джанелидзе, Тбилиси 0171, ул. М. Алексидзе 1/9. E-mail: sergokekelia@yahoo.com 

На примере месторождений Понтийско-Южнокавказской леоостровной дуги рассмотрены пространст-
венно-временные особенности взаимоотношений между рудами цветных металлов и вмещающими их 
породами, а также условия эволюции рудно-магматических систем. Представления авторов базируются на 
геологических наблюдениях, отношениях изотопов стронция, серы и кислорода в рудах и рудовмещающих 
вулканитах, содержании редких земель и данных термобарогеохимических исследований.  
 
 

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 Çayeli (Madenköy) 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 87Sr/86Sr 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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alpur-himalaur naoWaAsartyelSi SemorCenilia paleokunZulTa rkalebisa da 
maTi momijnave struqturebis (rkalsmiRma da Sida zRvis paleoauzebis) fragmentebi. 
swored am fragmentebSi (sur. 1) Tavmoyrilia feradi liTonebis yvelaze msxvili 
sabadoebi. erTerT aseT vulkanur struqturas warmoadgens pontur-samxreT kavkasi-
uri  paleorkali,  romlis  farglebSi alpuri vulkanuri aqtivobis  maqsimumiaRmo-
savleT nawilSi ukavSirdeba baiossa da gvianiuruls, xolo dasavleTiT (pontideb-
Si da saqarTvelos teritoriaze) – carcul periods. amasTan Termoanomaliebi, vul-
kanuri da hidroTermuli aqtivoba gamovlenil iqna paleorkalis im adgilebSi, rom-
lebmac ganicada yvelaze didi teqtonikuri daZabulobani, anu transformuli rRve-
vebis zonebSi pontur-samxreTkavkasiis da iranuli mikrofilebis konvergentuli 
urTierTmoqmedebis pirobebSi (Biju-Duval et al., 1977; Монин, Зоненшайн, 1987; Yilmaz et al., 
1977). mikrofilebis am konvergentulobis dasawyisSi (iura) warmoiSva spilenZis 
epigeneturi vulkanogenuri sabadoebi da barit-poliliTonuri madnebi (magaliTad 
somxeTSi), xolo Semdgom, gviancarculSi (savaraudod, mikrofilebis koliziis 
sawyis etapze) - spilenZis, oqros da barit-poliliTonuri sabadoebi (saqarTvelosa 
da pontidebSi). pontidebSi ganTavsebulia agreTve masStaburi hidroTermalur-dana-
leqi sulfiduri budobebi (Caelis sabado). unda aRiniSnos, rom pontidebis aRmo-
savleT nawilSi muSavdeba Semdegi sabadoebi: aSikoi (kviprosis tipis sabadoebi), 
epigeneturi – laxanosi, yuTlulari, murRuli da kurokos tipis sabado – Caeli. am 
ukanasknelze daTvlilia ferad liTonTa madnis maragebi 15,9 mln. tonis odenobiT 
da liTonTa Semdegi SemcvelobebiT: spilenZi – 4,4%, TuTia – 6,1%, oqro – 0,8g/t, 
vercxli – 44g/t. sabadoze aRmoCenilia erTi madniani sxeuli maqsimaluri simZlav-
riT – 100m (Altun, 1977), romelic gaidevneba 920 m manZilze. madniani budobis Wrili 
warmodgenilia sur. 2-ze. madanSemcveli struqtura agebulia madanzeda bazaltebis 
(pilou-lavebis), kirqvebis, “mewamuli” feris tufebisa da gapropilitebuli dacite-
bis monacvleobiT. swored am dacitebze ganlagebulia masiuri sulfiduri madnebi; 
maT qvemoT gamovlenilia kvarc-qlorit-sericitiani metasomatitebi sulfidebis Ca-
nawinwklebiT. masiuri madnebi (sfaleriti, qalkopiriti, piriti) breqCirebulia da 
iCenen did msgavsebas kurokos tipis madnebTan iaponiaSi, agreTve Suaokeanuri qedeb-
isa da ganapira zRvebis riftingis zonebis “madnian borcvebTan”. aqve unda iTqvas 
pontidebSi hidroTermalur-danaleqi budobebis sxva tipzedac, romelic aSikois sa-
badoTi aris warmodgenili. misi budobebi ganTavsebulia aloqtonSi, romelic li-
teraturaSi “kiures kompleqsis” saxelwodebiT aris cnobili (Guner, 1980; Ustaomer, 
Robertson, 1993; Çakir, 1995). savaraudod, aloqtoni paleoteTisis ganapira zRvis auzi-
dan gadaadgilebul iqna paleokunZulTarkalur nagebobaze. aloqtonSi madnebis ge-
ologiuri garemocva uaxlovdeba kviprosis tipis madnebis Camoyalibebis pirobebs. 
Wrili aq agebulia peridotitebiT, diabazebis daikuri kompleqsiT da bazaltebiT. 
pilou-lavebze ganlagebulia kolCedanuri budobebi. 

madneulis sabados Stokverkul-ZarRvuli madnebis msgavs sabadoebs warmoadge-

nen laxanosi da murRuli. madnianobisa da geologiuri specifikis TvalsazrisiT 
madneulis sabado (saqarTvelo) unikaluria. mis farglebSi sivrcobrivad erTmaneT-
Tan miaxloebulni arian sxvadasxva etapis oqros, barit-sulfiduri da spilenZis 
madnebi. carculi naleqebiT amovsebuli vulkanur-teqtonikuri depresia warmoad-
genda rkalsmiRma arsebuli auzis nawils. vulkanuri struqturebis agebulebaSi mo-
nawileobs sami kompleqsi (sur. 3), romlebic warmoiSva albur-kampanurSi jer napra-
lovani, xolo Semdgom – centraluri tipis vulkanebis funqcionirebis Sedegad. ma-
danmatarebeli gumbaTisebri “amoberilobebi” gaCnda msxvili vulkanuri nagebobebis 
ferdobebze riodacituri eqstruziebis “gamowurvis” adgilebSi. #3 suraTze naCvene-
bia paleovulkanebis fragmentebi, romlebic agebulia kirtute vulkanitebiT (Кеке-
лия и др., 1993). madneulis sabadosaTvis dama xasiaTebelia eqstruziuli gumbaTebi, 
daviT garejisaTvis – Camoqcevis kalderebi, xolo darbazis, moSevanisa da saydri-
sis madangamovlinebebisaTvis – lavuri gumbaTebi da riodacitebis daikebi. zeda 
kompleqsis (SedgenilobiT kontrastulis –bazalt-andezit-rioliTuris) formire-
biT bolnisis carcul struqturaSi Tavdeba vulkanuri moqmedeba. kompleqsis SesaZ-
lo komagmatebs warmoadgenen granodioritebi da granodiorit-porfirebi, romlebic  
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sur. 1. metalTa mTavari sabadoebis gavrceleba aRmosavleT TurqeTisa da 

kavkasiis geologiuri struqturebis farglebSi 

1-samxreT kavkasiis mikrokontinentis ferdi da azeveba (iurul-adrecarculi, kavkasio-
nis mTavari qedi); 2-skviTuri da samxreT kavkasiis mikrokontinentebis Selfuri zona (iu-
rul–paleogenuri, kavkasionis mTavari qedi); 3-Crdilo iranis mikrokontinentis Selfuri 
zona (carcul-paleogenuri); 4-ponturi mikrokontinentis Selfuri zona (adreiuruli, aR-
mosavleT pontidebi); 5-mcire kavkasionis ensialuri kunZulTa rkali (baiosur-adrecar-
culi); 6-ponturi ensialuri kunZulTa rkali (carculi); 7-kidura zRvis Rrma auzebi (ad-
re-Suaiuruli); 8-aloqtonuri okeanuri zonebi. 9-mcire kavkasionis rkalsukana vulkanuri 
depresiebi (gviancarculi); 10-ponturi rkalsukana vulkanuri depresiebi (gvian carculi); 
11-Sidafilaqnuri riftogenuri vulkanuri struqturebi (eocen-oligocenuri, mcire kavka-
sioni); 12-koliziuramdel struqturebze zeddebuli eocenuri vulkanuri depresiebi (pon-
tidebi, mcire kavkasioni, CrdiloeT irani); 13-axalgazrda vulkanuri platoebi (oligocen-
meoTxeuli); 14-orogenuli Rrmulebi (oligocen-meoTxeuli); 15-terigenul–vulkanur qaneb-
Si (dizis seria, devonur-triasuli) SeWrili Suaiuruli granitoidebi; 16-skviTuri da sam-
xreT kavkasiis mikrofilebis alpuramdeli fundamenti (kambriuliswina(?)–paleozouri); 17-
CrdiloeT iranis alpuramdeli fundamenti (Crdilo iranis mikrofila, kambriuliswina–pa-
leozouri); 18-geoblokebis gamyofi teqtonikuri nakerebi (warmodgenili Sesxletvebi da 
nasxlet-nawevebi, A – dadgenili; B – savaraudo); 19-Secocebebi; 20-savaraudo sazRvrebi skvi-
Tur da samxreT kavkasiis mikrofilebs Soris (gadafaruli SecocebebiT); 21-granitoidebi 
(a-adrecarculi, b-gviancarculi, c-eocen-oligocenuri); 22-monconitebi, sienitebi (oligo-
cen-miocenuri); 23 mineraluri sabadoebi; 24-paleokunZulTa rkalis fragmentebi. 

evraziis aqtiuri paleokidis mTavari metalSemcveli sabadoebi: 1-aSikoi (Cu), 2-laxano-
si (Cu, Zn, Pb), 3-Caeli-madenkoi (Cu, Zn), 4-murRuli (Cu, Zn), 5-urupi (Cu),  6-qti-teberda (W), 7-
tirniauzi (W), 8-luxra (Au), 9- cana (As, Au), 10-luxumi (As), 11-zofxiTo (Au, Sb), 12-sadoni (Pb, 
Zn), 13-WiaTura (Mn), 14-filizCai (Zn, Pb, Cu), 15-kizil-dere (Cu), 16-madneuli (Cu, Zn, Pb, BaSO4), 
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17-alaverdi (Cu), 18-Samlugi (Cu), 19-texuTi (Cu), 20-megradZori (Au), 21-daSqesani (Fe, Co), 22-
oti (Au), 23-kafani (Cu), 24-ajarani (Mo, Cu). 

mikrofilebi: evraziis paleokontinenti: A–skviTuri, B–pontur–samxreT kavkasiuri (B1-
aRmosavleT pontidebi, B2-samxreTi kavkasia); afro-arabeTis paleokontinenti: C-CrdiloeT 
irani. 

 

 
 

sur. 2. Caelis madniani ZarRvis Wrili (madenkoi) 
 

1 – bazalturi nakadebi (zeda carculi); 2- riodacitebi (zeda carculi); 3 – iaSmuri kvar-
citebi; 4 – tufitebi (zeda carculi); 5 – sinvulkanuri rRvevebi; 6 – hialoklastitebi 
(gapiritebuli da gakaolinebuli); 7 – madniani sxeuli (kernis dasinjvis Sedegebis 
mixedviT Cu-is Semcveloba 5% da cota meti, xolo Zn – 9%). 



45 
 

 
 
sur. 3. madniani sxeulebisa da hidroTermulad Secvlili qanebis gavrceleba 

madneulis sabados sxvadasxva doneze 
1–riodacitebi; 2–lavabreqCiebi da fluiduri riodacituri lavebi; 3–andezit-dacituri 
vitroklasturi ferflis tufebi; 4–sxvadsxva klasturi tufebi; 5–qsenotufebi; 6–eqsplo-
ziuri breqCiebi; madniani sxeulebi: 7–bariti; 8–barit-tyvia-TuTia; 9–spilenZi; 10–sxvada-
sxva Secvlili qanebis sazRvrebi; 11–meoradi kvarcitebi; 12–kvarc-sericit-qlorituli qa-
nebi; 13–propilitebi. 
I–sabados zedapiris proeqcia karieris mowyobamde; II–karieris zedapiris proeqcia; III–937m 
–done; IV–840m – done. 

 
SiSvldeba struqturis centralur nawilSi. maTi aRmoCena sabados karierze burR-
viTi samuSaoebis Sedegia. #3 suraTze moyvanilia madneulis sabados Wrili madniani 
sxeulebisa da geoqimiuri anomaliebis urTierTdamokidebulebis CvenebiT. Cvens 
xelT arsebul monacemebze dayrdnobiT (Kekelia et al., 2004), romlebic exeba bolnisis 
raionis zeda vulkanuri kompleqsis madanmatarebel qanebSi rubidiumisa da stron-

ciumis koncentraciebsada izotopur Sedgenilobas, bazaltebi (87Sr/86Sr=0.704910) 
SeiZleba moviazroT gaRaribebuli mantiis produqtad, xolo madneulis rioliTebi 
(0.707739) da murRulis sabados (TurqeTi) riodacitebi – Sesabamisad qerqis zeda da 
qveda nawilebis gamonadnobebis warmonaqmnebad. mizanSewonilad migvaCnia aq 
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bolnisis madanSemcveli qanebis iSviaT miwebsa da titanze analizebis Sedegebis 
Sedareba rapu-rapus da kopatuanis (filipinebi) sulfiduri sabadoebis qanebis ana-
logiur maxasiaTeblebTan (Sherlok et al., 2003). aRniSnuli sabadoebi sivrcobrivad aso-
cirdeba dacitebTan da toleitur bazaltebTan, romlebic xasiaTdeba titanis 
(TiO2≤0.9%), cirkoniumisa (40-50ppm) da iSviaTi miwa elementebis (ime) dabali Semcve-
lobebiT, agreTve, Zr/I-Sefardebis mcire mniSvnelobebiT – 2.5-3. geoqimiuri maxa-
siaTeblebiT toleitebi uaxlovdeba kurokos sabados (iaponia) andezibazaltebs da 
fijis kunZulTa rkalis oligocenur bazaltebs. Serlokis azriT, aRniSnuli 
maxasiaTeblebi SeiZleba iyos Camouyalibebeli rkalis pirobebSi madanmatarebeli 
qanebis formirebis maCvenebeli. Sesabamisad, Cveni geoqimiuri monacemebi unda miuTi-
Tebdes kunZulTa ufro “mowiful” paleorkalze, romlis fragmentebi gaSiSvlebu-
lia mcire kavkasiis sistemaSi. (aq Zr/I –Sefardebis mniSvnelobebi gacilebiT maRa-
lia: dacitebSi – 9.5-11.2, rioliTebSi – 2.7, bazaltebSi ki – 3.7-4.1). amrigad, ikveTeba 
geoqimiur maCvenebelTa gamoyenebis SesaZlebloba qanebis formirebis geodinamikuri 
pirobebis dasadgenad. Tumca unda iTqvas, rom es mosazreba saWiroebs damatebiT 
argumentacias. 

somxeTis spilenZis da barit-poliliTonuri sabadoebi (alaverdi, Samlugi, 
axtala, kafani) ganTavsebulia Suaiurul vulkanogenur kompleqsSi, romlis Wri-
li alaverdis raionSi (sur. 4 – Cvens mier Sedgenili alaverdis vulkanogenuri 
ruka) Sedgeba (zemodan qvemoT) Semdegi warmonaqmnebisagan: mcire simZlavris qemo-
genur-danaleqi qanebi; hialoklastitebi; wyalqveSa koluvionis danagrovebi; te-

froiduli turbiditebi; dacitebisa da andezitebis lavebi. madanSemcveli wyeba 
gadafarulia gvianiuruli vulkanogenuri kompleqsiT. spilenZis ZarRvakul-Canawi-

nwkli mineralizacia damaxasiaTebelia bolnisis, alaverdisa da kafanis raionis 
sabadoebisaTvis. madneulze cnobilia oqros mineralizacia meorad kvarcitebSi, 
agreTve barit-sulfiduri gamadneba ZarRvebisa da damreci budobebis saxiT. ala-
verdis ZarRvul-Canawinwkli da ZarRvuli madniani sxeulebi ganlagebulia kvarc-
sericit-qloritiani metasomatitebis viwro zonebis safarSi farTobrivi propili-

tebis fonze.  
paleokunZulTa rkalis calkeuli segmentis gamadnebis xasiaTis gansxvavebani 

pirdapir kavSirSia vulkanebis funqcionirebis geodinamikur reJimTan. unda aRvni-

SnoT agreTve, rom mcire kavkasiis regionSi feradi liTonebis hidroTermalur-
danaleqi madniani budobebis (Caelis tipi) Zebna uperspeqtivoa, vinaidan maTi dag-
rovebisTvis aq ar arsebobs geodinamikuri safuZvlebi. 
mokled ganvixiloT modeli, romelic exeba feradi liTonebis vulkanogenuri 
sabadoebis madanwarmomSobi sistemebis ganviTarebas. warmodgenili geneturi mo-

deli unda ganvixiloT rogorc, ase vTqvaT, abstraqcia, romelSic mxedvelobaSia 
miRebuli sistemaSi mimdinare procesebis standartuloba, da ara individumebis 
(sabadoebis, madniani sxeulebis) msgavseba. vulkanuri TaRebis qveS (madneulis da 
Caelis magaliTi) aRiniSneba qanebis da madnebis intensiuri hidroTermaluri Se-
cvlebi. adre fluidebis wyarod miiCnevdnen magmur kerebs; Tumca es warmodgenebi 
Seicvala imis gamo, rom Znelad axsnadia didi raodenobis wylis masebis gamoyofa 
da misi monawileoba hidroTermalur procesSi. TviT meqanizmi fluidebis gamo-
yofisa magmuri kerebidan SedarebiT xanmokle movlenaa. es aisaxeba intruziul 
sxeulebSi avtometasomaturi SecvlebiT da Jangeulebisa da sulfidebis submik-
roskopuli gamonayofebis Tanabari ganawilebiT qanmaSeni silikatebis krist-
alebsa da marcvalTa Soris sivrceSi. izotopur-geoqimiuri kvlevebis monacemebi 
miuTiTeben meteoruli wylebis didi raodenobiT monawileobaze vulkanogenuri 
sabadoebis hidrosistemebSi (Франклин и др., 1984; Синяков, 1986). eqsperi mentebi, 

(Hodgson, Lydon, 1977; Гричук и др., 1984) Catarebuli elementebis eqstraqciaze qane-
bidan miuTiTeben imaze, rom magmuri da danaleqi warmonaqmnebi SesaZlebelia 
ganixilebodes rogorc liTonebis wyaro vulkanogenuri sabadoebisaTvis. msof-

lio okeaneSi Segrovili masalis safuZvelze (Рона, 1986; Гринберг и др., 1990; Ельяно-
ва, Мирлин, 1990; Ельянова, 1990) SeiZleba davaskvnaT, rom masStaburi madanwarmoSoba 
xorcieldeboda Semdegi Tanmimdevruli procesebis SemTxvevaSi. 1) magmebis Krista-
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lizaciisas; 2) gaxurebuli zedapiruli wylebis da magmatitebis urTierTqmede-
bisas (siTburi energiis wyaro aris vulkanogenur danaleq wyebaSi SemoWrili 
intruzivia); 3) fizikur-qimiuri barieris stabiluri funqcionireba hidroTermebis 
gantvirTvis areebSi (zRvis fskeri an miwis qerqis zedapiruli zonebis daxuruli 
struqturebi). literaturuli da Cveni monacemebiT vulkanogenur sabadoebs gana-

sxvavebs Semdegi Taviseburebani: 
1. madnebis komponenturi Sedgeniloba amJRavnebs damokidebulebas qanebis petroqi-
miur Taviseburebebisagan. magaliTad, andezit-bazaltebTan da natriumian rioli-
TebTan asocirebs spilenZ-TuTiis mineralizacia (Кривцов и др., 1987). aRniSnaven,  
 
 
 

 
 

sur. 4. alaverdis sabados horizontaluri Wrili 
 

1 – tufuri qviSaqvebi (baTuri); 2 – andezitebisa da andezit-bazaltebis tufebi (baTuri); 3 
– karbonatuli tuf-qviSaqvebi (baiosuri); 4 – karbonatuli tuf-qviSaqvebis, tufebis da 
andezit-dacitebisa da dacitebis uxeSriTmuli Sreebrioba (baiosuri); 5 – dacituri Sto-
kebi; 6 – andezitebi; 7 – plagiogranitporfirebi; 8 – rRvevebi; 9 – madnis ZarRvebi (kvarc-
pirit-qalkopiriti); 10 – madnis Stokebi (pirit-qalkopirituli Sedgenilobis masiuri da 
Stokverkuli madnebi). 
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rom Suaokeanuri qedis madanmatarebeli qanebi (bazaltebi) Seicaven liTonebis 
Jangeulebis sferul agregatebs (Прокопцев, Прокопцев, 1990). Suaokeanuri qedis rif-
tuli velis subtute efuzivebi, mineralebi, kerZod, klinopiroqsenebi da min-
dvris Spatebi “wveTebis” saxiT Seicaven sulfidebs (Акимцев, Шарапов, 1993). aqedan 
SeiZleba davaskvnaT, rom zogierTi magmuri qani iyo madanproduqtiuli. 
2. madniani kvanZebis farglebSi hidroTermebis migraciis gzebze aRiniSneba qanebis 
mineraluri Sedgenilobis Secvlebi. kerZod, madnis dagrovebis zonebis qveda 
nawilebSi, gamovlenilia argilizitebi, xolo intruzivebis zeda da flangur 
zonebSi masStaburi propilitizacia. 
3. barit-sulfiduri madnebi meorad kvarcitebSi (madneulis sabado) amJRavneben 
aramkveTrad gamoxatul zonalobas. spilenZisa da spilenZ-TuTiis madnebis Sto-

kverkebi xSir SemTxvevebSi gadafarulia TabaSir-anhidrituli linzebiT, xolo 
maTi saxuravis qanebSi aRiniSneba hematitizaciis procesi. aseTi suraTi damaxasi-

aTebelia kurokos tipis hidroTermaluri danaleqi madnebisaTvis (Мацукама, 1973).  
4. hidroTermaluri xsnarebis marilianoba axlosaa zRvis wylis marilianobasTan, 
magram SedarebiT gamdidrebulia Fe, Ag, Pb, Cu da Zn (Mottl et al., 1979), dabali 
marilianoba damaxasiaTebelia Tanamedrove madanwarmomqmneli fluidebisaTvis 
(Бортников и др., 2004; Бортников, Викентьев, 2005). amave dros mkvlevarebi sulfidebis 
warmoSobisas miuTiTeben agreTve waTxebis arsebobaze (Бортников, Викентьев, 2005). 
es monacemebi miRebulia mcire kavkasiis sabadoebis Seswavlisas (Кекелия и др., 1991; 
Кекелия и др., 1993). mcire kavkasiis sabadoebze mineralwarmoSobis temperaturebi 
miRebuli homogenizaciis meTodiT udris spilenZis sabadoebisaTvis 410-390°C, 
barit-polimetaluri sabadoebisaTvis ~280°C (Ярошевич, 1985); wneva meryeobs 150-dan 
250 baramde (gamoyenebulia Separdis diagramebi – Shepherd et al., 1985). v. iaroSeviCis 
monacemebiT madneulze spilenZisa da tyvia-TuTiis madnebis warmomqmneli xsna-

rebis marilianoba ar aRemateboda ~40 gr. NaCl ekv. erT litr xsnarze. 
5. yvelaze xelsayreli pirobebi hidroTermalur-danaleqi budobebis madnebis sta-
biluri dagrovebisaTvis iqmneboda zRvis auzebis fskerze, 2-3km siRrmeze (Stackel-
berg, 1985; Габлина и др., 2000). 
6. monacemebi wyalbadisa da Jangbadis izotopuri Sedgenilobis Sesaxeb vulkano-

genuri barit-polimetaluri sabadoebis kvarcSi, baritsa da kalcitSi miuTiTebs 
meteoruli wylis maRali doziT monawileobaze madanwarmoSobis procesSi. amave 
dros mkvlevarebi aRniSnaven, rom spilenZis zogi sabados warmoSobisas aranak-
leb rols asrulebda magmatogenuri wyali (Франклин и др., 1984), monacemebi sul-
fidebisa da sulfatebis gogirdis izotopuri Sedgenilobis Sesaxeb araerTgva-
rovania da, samwuxarod, ar iZleva gogirdis wyaros dadgenis saSualebas. 

hidrosistemebis ganviTareba da funqcionireba vulkanur kompleqsebSi Sesa-
Zloa warmovidginoT Semdegnairad: dasawyisSi rkalsukana da intrarkalur auzeb-
Si – lokalur depresiebSi grovdeboda vulkanogenur-danaleqi warmonaqmnebi (ro-
gorc wesi, vulkanuri qanebi SedgenilobiT pasuxobs kirtute serias); vulkanizmis 
Senelebis Semdeg (vulkanuri struqturebis inversiis periodSi) xdeboda intru-
ziebis SemoWra da kristalizacia miwis zedapiridan daaxloebiT 2 km, xolo 
zRvis fskeridan 1 km siRrmeze hidroTermalur-danaleqi budobebi mineraluri Se-
dgenilobiTa da struqturiT msgavsia Tanamedrove Camqrali e.w. “Savi mwevelebi-
sa”. mineraluri zonaloba maTSi aixsneba madanwarmomSobi komponentebis gadanawi-
lebiT “madniani borcvebis” daSlis Sedegad da Semdgomi diferenciaciis Sedegad 
zeda doneebze (Hannington et al., 1986; Ельянова, 1989). 

karamadeRis kunZulTa rkalis vulkanitebSi cnobilia kurokos tipis hidro-

Termalur-danaleqi budobebi (de Ronde et al., 2003). Termogeoqimiuri kvlevebis mona-
cemTa mixedviT hidroTermaluri xsnaris marilianoba meryeobda 2.2 dan 3.9 NaCl-
ekv. woniTi %, xolo homogenizaciis temperaturam Seadgina 175-322°C. moyvanili 
monacemebi miuTiTeben feradliToniani madnebis formirebis fizikur-qimiuri 
pirobebis standartulobaze, miuxedavad imisa, Tu epigeneturi Tu hidroTerma-

lur-danaleqi gziT xorcieldeba madandagrovebis procesi. 
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zRvis fskeris pirobebSi fluidis destabilizacia mis Jangvasa da tempera-
turis dacemasTan aris dakavSirebuli. aq “Savi mwevelebidan” amonTxeuli suspen-
ziebis Sedgenilobis (piriti, pirotini, sfaleriti) gaTvaliswinebiT SeiZleba 
davuSvaT, rom liTonebis transportireba xdeboda hidrosulfiduri kompleqsebis 
formiT. epigeneturi sabadoebis mineralwarmoqmnis doneebi zogadad SeiZleba 
SevadaroT “Savi mwevelebis” milakebis zonebs, romelTa zRvrulma anomalurma 
fizikur-qimiurma parametrebma ganapirobes anhidritisa da rkinis sulfidebis 
erTdrouli gakristaleba. am pirobebs pasuxobs PO2 minimaluri aqtivobebis mqone 
hidrosistemebis zonebi, romlebic H2S-SO4

2- Tanabari aqtivobebis garemoSi emTxve-
va baritis mdgradobis qveda sazRvars (Франклин и др., 1984; Твалчрелидзе, 1987; Kekelia 
et al., 2004). zonaloba vulkanogenur barit-sulfidur budobebSi aixsneba Semdegi 
faqtorebiT: 1) sfaleritsa da galenitTan SedarebiT spilenZis mineralebis xsna-
dobis ufro didi damokidebulebiT temperaturisagan anu naerTebis sxvadasxva 
mdgradobiT (Франклин и др., 1984; Овчиников, 1988); 2) S2- koncentraciisagan liTonis 
daleqvis damokidebulebiT. ase magaliTad, xsnarSi liTonTa koncentraciebis Ta-
natolobis SemTxvevaSi spilenZisa da TuTiis daleqvas tyviasTan SedarebiT esa-
Wiroeba H2S ufro maRali koncentraciebi (Ганеев, 1989). gasaTvaliswinebelia 
agreTve gogirdwyalbadiani barieris gavlena, romlis efeqtianoba ganisazRvreba 
S2- mcire koncentraciebiT (Крайнов и др., 1988). idroTermalur-danaleqi madan-
dagrovebis pirobebSi (rodesac madniani “borcvebis” mineraluri zonaloba war-
moadgens madniani masis gadakristalebis, gaxsnisa da gadaleqvis Sedegs) sulfid-
warmoqmnis CaxSoba iwyeba iq, sadac Termebi aRweven zonebs, romlebsac axasiaTebT  
Jangbadis maRali parcialuri wneva, - depresiebis farglebs miRma an budobebis 
Tavze. am SemTxvevaSi gamoileqeba rkinisa da manganumis Jangeulebi, xolo madan-
zeda wyebebSi warmoiqmneba iaspebi. aRsaniSnavia agreTve, rom zRvis fskerze madan-

dagrovebis meqanizmi (madniani nivTierebis xSiri ganmeorebadi amoxeTqvebi) iyo 
ganmsazRvreli masiuri kolCedanuri danagrovebis formirebis drosac. rac See-

xeba oqrosmatarebel kvarcian ZarRvakebs madneulze, maTi warmoqmna, Cveni warmo-

dgeniT, eqsploziuri breqCiebis formirebasTan aris Tanadrouli (hidroTerma-

luri kolafsis dawyebiTi periodi). oqros, kvarcisa da mcire raodenobiT sulfi-

debis gamoleqva meorad kvarcitebSi xdeboda magmatogenuri fluidis destabili-

zaciis dros. C. heinriCi (Heinrich, 2005), romelic swavlobda oqro-spilenZporfi-
rul sabadoebs, aRniSnavs, rom maRali temperaturebis pirobebSi dabali wnevebi-
sas xdeba magmatogenuri fluidebis gaTxevadeba heterogenuli fazuri gadasvlis 
gareSe. garemocvaze maTi zegavlena aisaxeba kaliumian da propilitur cvlile-

bebSi. oqrosSemcveli mciresulfiduri epiTermuli sabadoebis xangrZlivad funq-
cionirebad hidrosistemebSi maRalia meteoruli wylebis wili. amis miuxedavad, 
mkvlevarTa varaudiT, oqro hidrosistemebSi SeiZleba SemoetanaT magmuri bunebis 
orTqlisebr-kondensirebul xsnarebs. daskvnis saxiT kidev erTxel vusvamT xazs 
imas, rom madniani mineralebis Termobarogeoqimiuri kvlevebis mravalricxovan 
monacemTa mixedviT, paleokunZulTarkalur nagebobaTa feradi liTonebis sabado-
ebi, miuxedavad imisa Tu ra gziT xdeboda maTSi madandagroveba, Camoyalibda 
msgavs PTX pirobebSi da amitom, geneturad miekuTvneba erTian vulkanogenur 
klass. 
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gaanalizebulia LA-ICP-MS U-Pb izotopuri meTodiT Sesrulebuli cirkonebis krista-

lebis lokaluri gazomvebis Sedegebi. dadgenilia cirkonis xuTi asakobrivi da geneturi 
tipi: cirkoni 1 _ detrituli cirkoni (~1400-1200 Ma); cirkoni 2 _ Camoyalibebuli poli-
metamorfizmis grenvilur etapze (~800-1000 Ma); cirkoni 3 _ adgens kvarcian-dioriotuli 
orTogneisebis kristalizaciis asaks (~650-540 Ma); cirkoni 4 _ warmoSobili polimetamor-
fizmis gvianbaikalur etapze da gvianbaikalur tonaliT-granituli seriis kristaliza-
ciis procesSi (~530-500 Ma); cirkoni 5 _ Camoyalibebuli gvianvariskuli granitoidebis 
kristalizaciis dros, aseve maRaltemperaturuli fluidebis zegavleniT nairgvar gvian-
variskuliswina qanebze (~330-310 Ma). 
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U-Pb изотопная геохронология доальппийских образований Дзирульского кристаллического 

массива по цирконам.  Д. М. Шенгелиа, О. З.  Дудаури, К. С. Чихелидзе. Министерство просвещения и 
науки Грузии. ЮЛОП. Институт геологии им. Александра Джанелидзе, Тбилиси 0171, ул. М.Алексидзе 1/9. E-
mail: d_shenge@yahoo.com  

Проанализированы результаты локальных измерений кристаллов цирконов доальпийких метаморфитов и 
магматитов Дзирульского массива выполненных U-Pb изотопным методом на установке LA-ICP-MS. Выде-
ляются пять возрастных и генетических типа цирконов: Циркон 1 – детритовый циркон  (~1400–1200 Ма); 
Циркон 2 – формируется на гренвильском этапе полиметаморфизма (~1000–800 Ма); Циркон 3 – установливает 
возраст кристаллизации кварцево-диоритовых ортогнейсов (~650–540 Ма); Циркон 4 – образуется на поздне-
байкальском этапе полиметаморфизма и в процессе кристаллизации тоналит-гранитовой серии (~530–500 Ма) ;  
Циркон 5 - формируется при кристаллизации поздневарисских гранитоидов, а также при воздействии высоко-
температурных флюидов на различных допоздневарисских породах (~330–300 Ма). 
 

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.  
 

Zirulis kristaluri masivi Savi zRva-centraluramierkavkasiis tereinis al-
puriswina fundamentis yvelaze didi gamosavalia. 

Zirulis masivis kristaluri fundamenti warmodgenilia kambriuliswina kri-
staluri fiqlebiT, paraplagiogneisebiT, plagiomigmatitebiT, ori generaciis 
metabazitebiT da kvarciani diorituli orTogneisebiT; kambriuli metabazitebiT; 
gvianbaikaluri plagiogranit-granituli seriis granitoidebiT da gvianvariskuli 
mikrokliniani granituli gneisebiT da granitebiT (Гамкрелидзе, Шенгелиа ,2005). Masi-
vis aRmosavleT nawilSi SemorCenilia e.w. CorCana-uwlevis aloqtonuri kompleq-
si, romelic warmodgenilia metaterigenuli da metabazituri qanebiT agebuli 
kambriuli-Suapaleozouri teqtonikuri firfitebiT da maTTan asocirebuli 
kambriuliswina - paleozouri metaofiolitebiT (metabazitebi da ultrabazitebi). 

Zirulis kristaluri masivis farglebSi dadgenilia regionuli metamorfi-
zmis policikluri xasiaTi (Гамкрелидзе,Шенгелиа,1999,2001,2005;  Шенгелиа,2000; Кориков-
ский и др., 2009). gamoyofilia regionuli metamorfizmis sami etapi: kambriuliswina 
prograduli, gvianbaikaluri maRaltemperaturuli diaftorezi da gvianvariskuli 
retrograduli. 

uZvelesi (grenviluri?) dabali wnevis da maRali temperaturis (P=2.6-2.7kbari, 
T=700-7200C) regionuli metamorfizmi aRwevda granat-kordierit-orToklazuri 
faciesis pirobebs da warmodgenilia kritikuli paragenezisebiT: Cor+Pl+Bt(1)+Sill 
±Qtz±Spi+Zir(2) da Hbl(ruxi-momwvano)+Cpx+Pl±Grt. s.korikovskisa da sxv. (Кориковский и 
др.,2009) monacemebiT Bt1 maRaltitaniania (TiO2 4.5 mas.%-mde, XFe 0.56-0.57), xolo 
Spineli hercinitulia ZnO minareviT 1 - 4 mas.%-mde. Qq. CixeliZis  monacemebiT par-
aplagiogneisebSi dadgenili (Чихелидзе, 2004): nagorebi formis (detrituli) 
cirkoni (Zir1), aseve magmatizmisa da regionuli metamorfizmis Sedegad formire-
buli mokleprizmuli kristalebi dipiramiduli indeqsebis mravali waxnagiT. 

regionuli metamorfizmis meore etapis aseve dabali wnevis (~2.7kbari), tempe-
raturuli pirobebi (500-6500C; Гамкрелидзе, Шенгелиа, 2005; Кориковский и др., 2009) bio-
tit-muskovitiani gneisebis faciess Seesabameba. misi damaxasiaTebeli paragenezi-
sebia: Bt(2)+Ms+Grt+Pl+Qtz+Zir(4), Bt(2)+Andl(Sill)±Grt±Zir(4), Hbl(mwv.)+Pl±Bt(2), Hbl(mwv.)± Cum± 
Cpx+Pl. dadgenilia regionili metamorfizmis grenviluri etapis maRaltemperatu-
ruli paragenezisis – Cor + Bt(1)+ Sill ± Ksp + Pl ± Qtz ± Spi + Zir(2) ufro dabaltempera-
turuli paragenezisiT – Grt + Bt(2) + Andl(Fibr) + Ms +Pl + Qtz + Zir(4) Canacvleba. 
amasTanave xdeba adre arsebuli biotitebis Bt(1) SekrebiTi kristalizacia da neo-
mineralizacia, romelsac Tan axlavs axladgaCenil biotitSi Bt(2)  cirkonis Zir(4) 
marcvlebis warmoqmna. s. korikovskis da sxv. ( Кориковский и др., 2009) monacemebiT 
Bt(2)  dabaltitaniania (TiO2 0.48-0.54mas.%, XFe 0.43-0.48). regionuli metamorfizmis am 
etapze gaCenili cirkonebi aseve Semozrdilia detritul (Zir1) da pirvel etapze 
formirebul (Zir2) cirkonebzec. i. SveliZem (Швелидзе, 2002) Zirulis masivis meta-
morfuli kompleqsis biotitebis Sedgenilobis da struqturis Seswavlis safuZ-
velze daadgina biotitebis politipuri Sedgenilobis urTierTkavSiri metamor-
fuli mineralwarmoSobis PT pirobebTan. aRsaniSnavia, rom biotitis erT minera-
lur saxeobaSi dadgenilia mravali politipi, rac aseve adasturebs, rom Zirulis 
masivis biotitis Semcav metamorfitebs gancdili aqvT polimetamorfizmi. 

regionuli metamorfizmis yvelaze ufro gviani gamovlineba Tanxvdeba gvian-

variskuli granitebis formirebas. regionuli metamorfizmis am etapze Zirulis 
masivis variskuliswina kristalur warmonaqmnebSi dafiqsirebulia regionuli mik-
roklinizaciis procesi (Заридзе Татришвили, 1953, 1959; Абесадзе; Цимакуридзе, 1976; Хуци-
швили, 1991; Чихелиде, 1998; Гамкрелидзе, Шенгелиа, 2005; Shengelia et al.,2008) da gvianvari-
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skuli granitebis intensiuri zemoqmedeba Semcvel qanebze (Хуцишвили, 1991; Окрос-
цваридзе ,1999, 2002; Гамкрелидзе, Шенгелиа, 2005). mikroklinizaciis procesTan dakavSi-
rebiT, garda mikroklinis porfiroblastebisa, ganviTarebulia sxva dabaltempera-
turuli mineralebic: muskoviti, albiti, qloriti, aqtinoliti, epidotis jgufis 
mineralebi, agreTve axali generaciis cirkoni (Zir5). es ukanaskneli gvxvdeba gvian-

variskul granitebSic. Zirulis masivis geoqronologiur Seswavlas didi xnis 
istoria aqvs. 

me-20 aswleulis oTxmocdaaTian wlebamde Zirulis kristaluri masivis 
alpuriswina magmatizmi da regionuli metamorfizmi ganixileboda rogorc danao-
Webis variskul epoqasTan dakavSirebuli movlenebi. Ppirveli izotopur-geo-qro-
nologiuri monacemebi mxolod K-Ar meTodiT muskovitebis da biotitebis gamo-

yenebiT Semoifargleboda, romelic zustad afiqsirebda, rogorc gvianvariskuli 
granitebis, aseve Zirulis kristaluri masivis yvela alpuriswina warmonaqmnebSi 
farTod gavrcelebul regionuli mikroklinizaciis procesis asaks (Рубинштейн 
1967, Rubinstein, 1970; Bartinsky et al., 1990; Дудаури и др., 1995). es ukanaskneli ki geneturad 
dakavSirebuli iyo gvianvariskuli granitebis protoliTis kerasTan. Ggranitebisa 
da nairgvari Sedgenilobis mikroklinizirebuli substratis argonuli asaki – 
325-336±10 mln. wliT, (Bartinsky et al., 1990; Дудаури и др., 1995) ganisazRvreboda. 

gasuli saukunis 90-iani wlebidan dadginda Zirulis masivSi ganviTarebuli 
rigi magmatitisa da metamorfitis qveda paleozouri da kambriuliswina asaki geo-
logiuri (Gamkrelidze, Shengelia, 1998; Гамкрелидзе, Шенгелиа, 1999, 2001, 2005; Шенгелиа, 2000;  
Цуцунава, 2005), aseve izotopur-geoqronologiuri (Bartinsky et al., 1990; Дудаури и др., 
1995; Закариадзе и др., 1998, Zakariadze et al., 2007; Окросцваридзе и др., 2002) monacemebiT. 
migmatitebis cirkonebisTvis U-Pb meTodiT miRebul iqna adreordoviciuli _ 
491+96/-36 mln. weli, xolo kvarciani diorituli orTogneisebisTvis aSkarad kamb-
riuliswina asaki  - 747+100/-70 mln. weli (Bartnitsky at al., 1990). mogvianebiT kvarciani 
diorituli orTogneisebisTvis Rb-Sr izotopuri daTariRebiT ganisazRvra asaki _ 
686±74 mln. weli (Окросцваридзе и др., 2002). CorCana-uwlevis aloqtonur kompleqsSi 
ganviTarebul ofiolituri metabazitebisTvis Sm-Nd meTodiT miRebul iqna asaki _ 
810±100 mln. weli (Закариадзе и др., 1998). yvela kambriuliswina asaks damajereblobas 
aklebda cdomilebebis didi diapazoni. amasTan arankleb mniSvnelovania is, rom 
cirkonometriis dros gaTvaliswinebuli ar iyo am mineralis heterogenuli bune-
ba, gapirobebuli  polimetamorfizmis procesebiT, aseve granitoiduli magmis da 
maRaltemperaturuli fluidebis cirkonebze zemoqmedebiT. qvemoT vnaxavT, rom 
Zirulis masivis alpuriswina warmonaqmnebSi cirkonebis populacia metad hetero-
genulia. am ukanasknels gansazRvravda sxvadasxva asakis endogenuri procesebi. 
Sesabamisad poligeneturi cirkonebis asakis klasikuri U-Pb izotopuri meTodiT 
gansazRvra, sadac kristalis birTvi (zogjer detrituli) da masze Semozrdili 
arSia gansxvavebuli asakisaa, mosalodnel Sedegs ver mogvcemda. 

winamdebare statiaSi pirvelad aris gamoyenebuli Tanamedrove U-Pb izoto-
puri meTodiT cirkonebis kristalebis lokaluri daTariRebis Sedegebi. analize-
bi Sesrulebulia taivanis nacionaluri universitetis dedamiwis Semswavlel mec-
nierebaTa institutis da geologiur mecnierebaTa departamentis (nim. #.# 24-06, 
25-06, 16-06, 50-04, 15-06, 12, 46, 48, 65 da DZM1C) da frankfurtis goeTes universite-
tis geologiis mecnierebaTa institutis (nim. ## GEO01 da GEO345) laborato-
riebSi LA-ICP-MS mas-speqtrometrze. 

dadgenilia cirkonis kristalebis heterogenuli, upiratesad zonaluri age-
buleba. umravles SemTxvevaSi calkeuli kristalis farglebSi dafiqsirebulia 
gansxvavebuli asaki. 
D    dadgenilia cirkonis xuTi asakis geneturi tipi: 
1. Zir1 ~ 1400-1200 mln.weli _ detrituli cirkoni (daTariRebulia 6 kristali); 
2. Zir2 ~ 1000-800 mln.weli  _ warmoiqmneba polimetamorfizmis grenvilur etapze 
(daTariRebulia 7 kristali); 
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3. Zir3 ~ 650-540 mln.weli _ Seesabameba kvarcian-dioriotuli orTogneisebis kris-
talizaciis asaks (daTariRebulia 18 kristali); 
4. Zir4 _ 530-500 mln.weli _ warmoiSva polimetamorfizmis gvianbaikalur etapze da 
gvianbaikalur tonaliT-granituli seriis kristalizaciis procesSi (daTariRebu-

lia 4 kristali); 
5. Zir5 _ 330-310 mln.weli _ warmoiqmneba gvianvariskuli granitoidebis kristali-

zaciis dros, aseve ganviTarebulia am granitoidebis da maRaltemperaturuli fl-
uidebis zegavleniT nairgvar gvianvariskuliswina qanebze (daTariRebulia 161 kri-
stali). 

Zirulis masivze polimetamorfizmis gamovlinebis  realur suraTs iZleva 
paraplagiogneisis (nim. GEO 011) cirkonebis 4 heterogenuli kristalis (sur.1) U-Pb 

meTodiT asakis lokaluri gansazRvris Sedegebi. aRniSnuli kristalebi garegnu-

li konfiguraciiT erTmaneTisagan TiTqmis ar gansxvavdeba. isini prizmul-bipira-

miduli habitusis rTuli kristalebia. agebulia prizmis (100) da bipiramidebis 
(111) da (311) xSirad asimetriulad ganviTarebuli waxnagebis kombinaciiT. krista-

lebi giacinturi tipisaa, maTi wagrZeleba K=3-3,5. Mmsgavsi habitusis miuxedavad, 
aRniSnuli cirkonebi mveTrad gansxvavdeba Sinagani struqturiT da lokaluri 
izotopuri asakiT. detrituli cirkoni (Zir1) asakiT 1218±38 mln.weli (kristali 1) 
moqceulia kristalis  birTvSi. Ddetritul cirkonze Semozrdilia kargad ganvi-

Tarebuli zonaluri cirkoni asakiT 538±18 da 552±14 mln.weli, rac Cveni varaudiT 
regionuli metamorfizmis gvianbaikalur etaps upasuxebs (Zir4). Aam ukanasknelze 
Semozrdilia viwro gamWvirvale arSia (savaraudod Zir5). amave nimuSis cirkonis 
meore kristalis (2) birTvis asaki _ 976±40 mln.weli, savaraudod Seesabameba Ziru-
lis masivze fiqsirebul yvelaze Zvel grenvilur regionul metamorfizms (Zir2). 
cirkoni 2 kristalis sustad zonalur korodirebul zedapirze Semozrdilia 
prizmul-bipiramiduli kristali, romelic regenerirebulia ufro gviandeli gamW-
virvale, savaraudod gvianvariskuli (Zir5) arazonaluri arSiiT. cirkonis mesame 
kristali (3) xasiaTdeba prizmul-bipiramiduli habitusiT, idiomorfulobiT, mka-
fiod gamoxatuli zonalobiT, sadac dafiqsirebulia gvianbaikaluri asaki_ 525±14 
mln. weli da 528±12 mln.weli (Zir4). masze Semozrdilia gamWvirvale arazonaluri, 
savaraudod gvianvariskuli arSia. meoTxe kristalis (Zir4) birTvi asimetruli, mka-
fiod zonaluri prizmul-bipiramiduli habitusis giacinturi tipis cirkoniTaa 
warmodgenili, romlis asaki 537±14 mln.weli kvlav regionuli metamorfizmis gvi-
anbaikalur etaps pasuxobs (Zir4); kristalis gamWvirvale gare arSia asimetrulia, 
asakiT 334±8 mln.weli gvianvariskul endogenur procesebs eTanadeba. U-Pb lokalu-
ri izotopuri asaki miRebulia kidev ori mikroklinizebuli paraplagiogneisis 
cirkonisTvis (nim. 46 da 48). nim. 46-is cirkonebi mkveTrad  heterogenulia, sadac 
dafiqsirebulia: detrituli cirkonis asaki - 1954±34 mln. weli (Zir1)., erT SemTxveva-
Si 719±13 mln.weli. 

rogorc cnobilia, kvarciani diorituli gneisebi kveTs regionuli meta-
morfizmis grenvilur etapze gardaqmnil kristalur fiqlebs, paraplagiogneisebs, 
plagiomigmatitebsa da amfibolitebs. gaanalizebulia gamikroklinebuli kvarcia-

ni diorituli orTogneisis nim. GEO345 cirkonebis oTxi kristali (ix.sur.1). kris-
tali 1 prizmul-bipiramiduli habitusisaa, grZelprizmuli da idiomorfulia, 
sustad gamoxatuli zonalobiT da asimetrulobiT. kristali gamWvirvalea. wagr-
Zeleba =5-6. Kkristali 2 analogiuri morfologiisaa. agreTve prizmul-bipira-
miduli, gamWvirvale kristalia, sustad gamoxatuli zonalobiT da asimetru-
lobiT. gansxvavebiT wina kristalisagan, SedarebiT mkafiod Cans cirkonis giaci-
nturi tipi da brtyelfirfitovani agebuleba. aq agreTve mcirea kristalis wagr-
Zeleba – =2.5-3. Kristalis 3-s fragmentze Cans kristalis prizmul-bipiramiduli 
konfiguracia da giacinturi tipi. Bbipiramiduli nawili sxvadasxva indeqsis bipi-
ramidebiT (111), (311), (331) aris agebuli, mkafiod zonaluria, Cans Sinagani naprali-
anoba. samive kristalze mxolod gvianvariskuli asakia dafiqsirebuli: 337±10 

mln.weli (Zir 5-1); 323±9 mln.weli da 328±8 mln.weli (Zir 5-2); 331±11 mln. weli da 335±13 
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mln.weli (Zir 5-3). aRwerilisgan gansxvavebiT, kristali 4 bipiramidul-prizmuli 
habitusis naxevradgamWvirvale kristalia, mkveTrad zonaluri da Zlier asimetru-
li. birTvSi, romelic nawilobriv momrgvalebuli ormisaa dafiqsirebulia gvian-
baikaluri asaki - 531±16 mln.weli, xolo periferiul zonalur gamWvirvale gars-
Si gvianvariskuli asaki - 337±11 mln.weli (Zir5). aRsaniSnavia, rom amave nimuSis 
(GE0 345) monacitis Pb±Th asakis Teqvsmetive gazomva mxolod gvianvariskul mniSv-
nelobas afiqsirebs - 330±9 mln.weli, rac miuTiTebs, rom monacitis kristalebi 
paraplagiogneisebSi mxolod gvianvariskul granitwarmoSobis pirobebSi formir-
deba.Nnim. 24-06 aseve intensiurad gamikroklinebuli kvarciani diorituli orTo-
gneisia. cirkonis orive kristali mokleprizmuli habitusisaa (ix.sur.1). prizmuli 
waxnagebis kideebi brtyelia, sustad deformirebuli. bipiramiduli waxnagebis 
wiboebi TiTqmis waSlilia. waxnagebi momrgvalebulia, ris gamoc kristalis bo-
loebi gumbaTs mogvagonebs. prizmuli waxnagis sibrtyeSi Cans zonaloba. 6-1 kris-
talis birTvSi (Zir3) dafiqsirebulia asaki 626±11 mln.weli (savaraudod orTo-
gneisis protoliTis asaki), xolo mis periferiaze 320±6 mln. weli (Zir 5). Mmeore 
kristalis (2) birTvsa da periferiul arSiaSi erTnairi asaki - 319±6 mln.weli aRi-
niSneba, romelic gvianvariskuli mikroklinizaciis process Seesabameba. Detri-
tuli cirkonis asaki (1014±18 mln.weli) mxolod erT SemTxvevaSia dafiqsirebuli  
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granitizirebuli kvarciani diorituli orTogneisis (nim. #12) cirkonis krista-
lis birTvSi, danarCen 20 SemTxvevaSi gvianvariskuli cifrebia miRebuli - 323.6± 
2.8 mln.weli.  

oc-oci lokaluri gazomvaa Catarebuli U-Pb izotopuri meTodiT e.w. meoTxe 
generaciis bazituri intruzivis aqcesoruli cirkonisTvis (nim.65 da 50-04). ro-
gorc adre aRvniSneT, intruzivi kveTs yvela alpuriswina warmonaqmns, garda gvi-
anbaikaluri plagiogranit-granituli seriis granitoidebisa da gvianvariskuli 
granitebisa. amave dros dafiqsirebulia aRniSnuli bazitebis intensiuri mikro-

klinizaciis procesi, romelsac geneturad ukavSirdeba qanSi ganviTarebuli cir-
koni. bazitebSi, sadac ar aris gabatonebuli mikroklinizaciis procesi, cirkoni, 
rogorc wesi ar viTardeba. cirkonebi gaanalizebulia gamikroklinebul gabro-
dioritebidan (nim. #65, e.w dedaberaswylis gamosavali da nim. #50-04 gezrulas 
gamosavali). TiToeuli nimuSis ocive lokaluri analizi gvianvariskuli asakisaa 
– 317.5±2.6 mln.weli (nim.#65) da 323.7±2.5 mln.weli (nim. #50-04).  
gaanalizebulia gvianvariskuli granitis oTxi nimuSi – sami Tanabarmarcvlovani 
(nim.16-06, 15-06 da DZM1C) da erTi porfirisebri (nim.25-06) saxeoba. nim.16-06 Tanabar-
marcvlovani granitia. cirkonis 1-s kristali (savaraudod igi radioaqtiurad 
Secvlil saxesaxvaobas – malakons warmoadgens) bipiramiduli habitusisaa (ix. 
sur. 1). Cans kideebis momrgvaleba. centrSi daikvirveba Sinagani zonaloba. 
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kristalis birTvis asaki - 879±16 mln.weli, savaraudod Seesabameba regionu     
li metamorfizmis grenvilur etaps, xolo periferiuli nawilis asaki - 313±6 
mln.weli asaxavs gvianvariskuli granitebis kristalizaciis asaks. cirkoni 2-s 
kristali prizmul-bipiramiduli habitusisaa. bipiramidis waxnagebi momrgvale-
bulia, gumbaTis mzgavsia, naxevrad gamWvirvalea. Cans Sinagani araerTgvarovani 
agebuleba. SesaZloa is radioaqtiurad Secvlil cirkons – cirtolits warmo-

adgens. kristali homogenuria: birTvi (317±6 mln.weli) da periferiuli nawilis 
(311±5 mln.weli) asaki Seesabameba gvianvariskuli granitis kristalizaciis asaks. 
nim.#15-06-is 18 cirkonis homogenuri kristalia gaanalizebuli, sadac stabilurad 
gvianvariskuli cifrebia dafiqsirebuli – 331.4±2.8 mln.weli. aseve 18 gazomvaa Ses-
rulebuli nim. DZM1C-Tvis, romelic aseve homogenuria da mTel kristalisTvis, 
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sur.1 Zirulis kristaluri masivis alpuriswina 

warmonaqmebis cirkonebis agebuleba. 
 

paraplagiogneisi – GEO 01; kvarcian-diorituli orTogneisi – GEO 345 da 24-06; 
mikrokliniani graniti: 16-06 – Tanabarmarcvlovani, 25– 06  porfirisebri. 

 
 

maT Soris birTvisTvis 16 SemTxvevaSi asakis gvianvariskuli cifrebia miRebuli – 
315.0±3.8 mln.weli da mxolod or SemTxvevaSi aRiniSneba 405±8 da 396±6 mln.weli.  

rkviis porfirisebri granitis (nim. 25-06) cirkonebi metad heterogenulia. 
sur. 1-ze cirkonis ori kristalia gamosaxuli. Ees  aris giacinturi tipis priz-

mul-bipiramiduli kristalebi, romelTa wagrZeleba K=1.5-2. sustad emCnevaT Sina-

gani zonaluri agebuleba. Cirkoni 1 kristalis birTvSi 816±15 mln.weli asakia da-

fiqsirebuli (savaraudod regionuli metamorfizmis grenviluri etapi). peri-

feriul arSiaze (320±5 mln.weli), ise rogorc cirkoni 2 kristalze 318±6 mln.weli 
da 319±6 mln.weli gvianvariskuli asaki aRiniSneba. gaanalizebulia amave nimuSis 
cirkonebis kidev 28 kristali. 16 SemTxvevaSi dafiqsirebulia gvianvariskuli asa-

ki – 319.0±2.8 mln.weli (Zir5); 4 kristalSi aRiniSneba grenviluriswina (Cveni varau-
diT detrituli cirkonebis) asaki - 2392±37, 1840±30, 1578±26 da 1441±24 mln.weli 

(Zir1); or SemTxvevaSi miRebulia grenviluri regionuli metamorfizmis Sesatyvisi 
asaki - 804±10 da 816±15 mln.weli (Zir2); eqvsi gazomvis Sedegi 584–638 mln.weli farg-
lebSia (584±10, 593±11, 594±11, 638±12, 662±12 da 691±12 mln.weli), rac upiratesad 
upasuxebs baikalur (neoproterozoul) asaks. es monacemebi mowmobs, rom mkafiod 
warmoCenilia calkeuli generaciis cirkonis monawileoba polimorful kombini-

rebul kristalSi.  
amrigad Zirulis kristaluri masivis alpuriswina warmonaqmnebis cirkonebis 

mineralogiuri Seswavla gviCvenebs cirkonebis populaciis morfologiur da op-
tikur araerTgvarovnebas. calkeul kristalSi SeimCneva adreuli cirkonis reli-
qturi birTvi ufro gviani arSiiT. Zirulis masivis alpuriswina warmonaqmnebis 
cirkonebis araerTgvarovneba gapirobebulia ramodenime generaciis, Cveulebriv 
zonaluri, gansxvavebuli asakis kristalebis arsebobiT, sadac TiTeuli maTgani 
warmodgenilia damoukidebeli kristaluri faziT, an saxadasxva proporciiT mona-
wileobs polimorfuli kombinirebul kristalebSi. cirkonebi atarebs detritul, 
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magmur da metamorfuli genezisis niSnebs. cirkonis kristalis gare arSiebi upi-
ratesad warmoiqmna detritul an magmur cirkonebze maRaltemperaturuli flui-
debis zemoqmedebis Sedegad. 

Zirulis kristaluri masivis alpuriswina warmonaqmnebis aqcesoruli cir-
konebis U-Pb lokaluri izotopuri meTodiT daTariReba mniSvnelovnad avsebs ma-
sivis izotopur-geoqronologiur monacemebSi arsebul xarvezs. miRebuli geoqro-

nologiuri Sedegebi azustebs Zirulis kristaluri masivis alpuriswina poli-

metamorfizmis da magmuri movlenebis asaks da iZleva masivis geologiuri ganvi-

Tarebis istoriis ufro srulad aRdgenis saSualebas. 
 

daskvnebi 
   

pirvelad Zirulis kristaluri masivis alpuriswina warmonaqmnebisTvis gamo-
yenebulia Tanamedrove U-Pb izotopuri meTodiT LA-ICP-MS  mas-speqtrometrze Ses-
rulebuli cirkonebis kristalebis lokaluri daTariReba. 

dadgenilia Zirulis masivis alpuriswina kristalur qanebSi ganviTarebuli 
cirkonebis heterogenuli agebuleba. calkeul kristalSi dafiqsirebulia adreu-

li cirkonis reliqturi birTvi ufro gviani arSiiT. cirkonebis araerTgvarovneba 
gapirobebulia ramodenime generaciis, gansxvavebuli asakis kristalebis arsebo-

biT. cirkonebi atarebs detritul, magmur da metamorfuli genezisis niSnebs. 
gamoyofilia cirkonis xuTi asakis geneturi tipi: 1 _ detrituli cirkoni _ 

1400-1200 mln. weli; 2 _ regionuli metamorfizmis grenvilur etapze ganviTare-

buli cirkoni _ 1000-800 mln. weli; 3 _ kvarcian-diorituli orTogneisis krista-

lizaciis procesSi ganviTarebuli cirkoni _ 650-540 mln. weli; 4 _ regionuli me-
tamorfizmis gvianbaikalur etapze, aseve gvianbaikalur tonaliT-granituli seri-
is kristalizaciis procesSi ganviTarebuli cirkoni _ 530-500 mln. weli; 5 _ cir-
koni, romelic Cndeba gvianvariskuli granitoidebis kristalizaciis procesSi, 
aseve am granitoidebis da maRaltemperaturuli fluidebis zegavleniT gvianva-
riskulmdel qanebze _ 330-310 mln. weli. 

Sesrulebuli kvlevebi arsebiTad avsebs Zirulis kristaluri masivis izoto-
pur-geoqronologiur monacemebSi arsebul xarvezs da mniSvnelovnad azustebs 
alpuriswina endogenuri procesebis asaks.   

analitikuri kvlevis CatarebisaTvisAavtorebi uRrmes madlobas uxdian prof. 
sun-lin Cangs (taivanis nacionaluri universiteti) da prof. p. treloars (king-
stonis universiteti). 
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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=150-2500C) high-
temperature biotites still occur and at the same time appear Ti-chlorite and Ti-phengite, replacing the biotite 
pseudomorphically. In the epizone (T=250-3000C) 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, Putiš, 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+Pl+Chl, Qtz+Pl+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 (Bt34-35) 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 K2O (sample N 409, see Table 2) is observed, indicative of its intensive 
vermiculization during the diagenesis or epigenesis. The non-regenerated clastic flakes of TiO2 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 K20 (0.35 – 3.78 mass. %) and TiO2 (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 K20 
– 0.03-0.41 and TiO2 – 0-0.25 mass.% (see Table 2). Such high content of TiO2 in Ti-chlorite is inherited 
from the substituted biotite (McDowell, Elders, 1983). As for the presence of K20 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 TiO2 and K20. 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 = 200-2500C (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=2200C (Frey et al., 1991; Himmelberg et al., 1995; Schmidt, Robinson, 1997). Actinolites of 
the Khrami massif metasandstones with slightly raised content of Al2O3 and Na2O (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= 270-3000C), but not to that of chlorite-sericite subfacies of greenschist facies of real metamor-
phism. 

 
 

Sesavali 

 
metamorfuli petrologiis erT-erTi mniSvnelovani sakiTxia liTogenezisa 

da namdvili2 metamorfizmis procesebis zusti gamijvna. cnobilia, rom danaleqi-
dan metamorful qanebSi naxtomiseburad gadasvla ar xdeba. 30-ian wlebSi p. esko-
la aRniSnavda, rom "Cveulebrivi diagenezisis garda, dasaSvebia gviani an siRrmu-
li diagenezisi, romelsac adgili aqvs masalis daleqvis Semdgom bevrad ufro 
gvian. Tu procesebi mimdinareobs did siRrmeze, SedarebiT maRali temperaturisa 
da wnevis doneebze, maSin diagenezisi TandaTan gadadis metamorfizmSi... gviani 
diagenezisis reaqciebsa da produqtebs bevri saerTo aqvs dabali safexuris meta-
morfizmis dros mimdinare reaqciebsa da warmoqmnil produqtebTan...". mogvianebiT, 
60-ian wlebSi g. zariZe da n. TaTriSvili aRniSnaven, rom "movlena, romelic moix-
senieba terminiT “gviani” an “siRrmuli” diagenezisi, unda miekuTvnos sawyis, ara-
wonasworul metamorful faciess, romelic warmoadgens ufro dabaltemperatu-
rul safexurs, vidre ceoliTuri da albituri faciesebi"  (Заридзе, Татришвили, 
1964). ufro mogvianebiT, 90-ian wlebSi sabolood dadginda Sualeduri stadia, 
sadac mimdinareobs ara diagenezisis an metamorfizmis, aramed anqimetamorfizmis 
procesebi. 

zogadad miRebulia, rom anqimetamorfizmis zona moicavs temperaturul in-
tervals T=150-3000C. aRniSnul zonaSi gamoyofilia etapebi, romlebic sxvadasxva 
avtoris mier sxvadasxvagvaradaa warmodgenili. Cven vemxrobiT anqimetamorfizmis 
dayofis s. p. korikovskisa da m. putiSis mier SemoTavazebul sqemas, sadac gamoyo-
filia anqizona da epizona (Кориковский и Путиш, 1999). am avtorTa mier SemoTavaze-

bulia qanis dabaltemperaturuli gardaqmnis Semdegi sqema: diagenezisi _ <1500C, 
anqizona _ 150-2500C, epizona _ 250-3000C, namdvili metamorfizmi _ >3000C.  

dReisTvis, liTogenezidan metamorfizmSi gadasvlis damafiqsirebeli minera-
luri indikatorebis mTeli rigia dadgenili, magram am mimarTulebiT kvleva 
grZeldeba da jer kidev miekuTvneba metamorfuli petrologiis rTul sakiTxTa 
ricxvs. liTogenezsa da metamorfizms Soris zusti sazRvris dadgenis sirTule-
Ta didi nawili, rogorc cnobilia, dakavSirebulia metamorfuli qanebis sawyis 
SedgenilobasTan, radgan reaqciebi metapelitebSi, metabazitebsa da karbonatul 
qanebSi araerTgvarovnadaa damokidebuli temperaturaze, wnevasa da fluidur re-
Jimze.  

rogorc cnobilia, metamorfizmis dabaltemperaturuli sazRvari gaivleba 
qanSi epigeneturi gardaqmnebis damTavrebisas: es aris sruli fizikur-qimiuri wo-
nasworobis damyarebis momenti, rac gamoixateba yvela fazas Soris fardobis da-
balansebaSi. imisTvis, rom dabaltemperaturul metamorful qanSi Sefasdes wona-
sworobis xarisxi, gaTvaliswinebuli unda iqnas Semdegi kriteriumebi: natexovani 
da Tixovani masalis gadakristalebis xarisxi, calkeul elementTa mobiluroba, 
metastabiluri reaqciebis gaqroba, reliqturi marcvlebis garSemo arSiebis war-
moqmna, axladwarmoqmnil fazebs Soris komponentebis wonasworuli ganawileba da 
qanebis struqturebis mowesrigeba. 

qvemoT ganxilulia erT-erTi indikatori, romelic qanis garkveuli qimiuri  
Sedgenilobis pirobebSi, saSualebas iZleva dadgindes sazRvari metamorfizmis 

                                                
2 metamorfizmis done, roca qanSi damyarebulia sruli fizikur-qimiuri wonasworoba 

 (T >3000C). 
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yvelaze ufro dabaltemperaturul - mwvane fiqlebis faciessa da anqimetamor-
fizms Soris. es indikatori gulisxmobs maRaltemperaturuli klastogenuri bio-
titis transformaciis xasiaTis gansazRvras anqimetamorfizmis procesSi.  

cnobilia, rom biotiti didi informaciis matarebeli da, am TvalsazrisiT, 
Zalian saintereso mineralia. amave dros, igi bunebaSi sakmaod farTo gavrcele-
biT sargeblobs, rac xelsayrels xdis mis indikatorad gamoyenebas.  

 
 

diskusia 
 

diagenezisis stadiis Semdgom, temperaturis matebasTan erTad, qanSi arsebu-
li maRaltemperaturuli klastogenuri biotiti ganicdis transformacias: anqime-
tamorfizmis procesSi igi gardaiqmneba metastabilur Ti–qloritad da Ti–fengi-
tad, xolo procesis damTavrebisaTvis mTlianad iSleba da praqtikulad ar to-
vebs reliqtebs (Korikovsky et al., 1992; Кориковский и Путиш, 1999, Япаскурт, Парфенова, 2000). 
ukve namdvili metamorfizmis sawyis stadiaSi, aRniSnuli metastabiluri minera-
lebi gardaiqmneba maRalkristalur qloritad da muskovitad (fengitad). 

klastogenuri biotitis transformacia mimdinareobs Semdegnairad: anqizo-
naSi jer kidev gvxvdeba maRaltemperaturuli biotiti da, amave dros, ukve Cndeba 
Ti–qloriti da Ti–fengiti, romlebic fsevdomorfulad anacvlebs mas; epizonaSi 
aRiniSneba mxolod maRaltitaniani qarsebi, magram ukve Cndeba dabaltitaniani 
(dabaltemperaturuli) qloritic; namdvili metamorfizmis sawyis – qlorit-seri-
citul subfaciesSi maRaltitaniani qarsebi mTlianad qreba da maT nacvlad 
Cndeba asociacia fengiti – qloriti – leikoqseni (sur. 1). es anomaluri maRal-
titaniani qarsebi warmoadgens gardamaval metastabilur fazas, romelic warmo-
iqmneba mxolod anqimetamorfizmis pirobebSi. biotitis Canacvleba Ti–qloritiT 
TiTqos ucnauri movlenaa, magram aRniSnuli procesi 80-iani wlebidan ukve dafiq-
sirda petrologiur literaturaSi, roca pirvelad iqna aRwerili aseTi Ti–qlo-
riti (McDowell, Elders, 1983). s. korikovski da misi Tanaavtorebi Tvlian, rom 
klastogenuri biotitis CanacvlebiT SesaZloa Ti–fengitis warmoqmnac (Korikovsky et 
al., 1992). metamorfizmis donis matebasTan erTad, Ti–fengiti gardaiqmneba wvril-
qerclovan uferul sericitad, sadac TiO2 Semcveloba ukve ar aRemateba 0.77 mas.%. 
am fazebis metastabiluri xasiaTi da TviT reaqciac ganisazRvreba struqturuli 
mowesrigebulobis dabali xarisxiT.  

 
 

 

 
sur. 1. titaniani qarsis dezintegrirebuli qercli (fsevdomorfoza 

klastogenuri biotitis mimarT). Х 140. 
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amgvarad, epizonasa da namdvil metamorfizms Soris sazRvris gavleba maRal-
titaniani qarsebis gaqrobisTanave, SeiZleba CaiTvalos savsebiT marTlzomierad, 
radgan mxolod namdvili metamorfizmis dros sruliad qreba metastabiluri 
fazebi da asociaciebi xdeba wonasworuli. 

klastogenuri biotitis transformacia qvemoT ganxilulia xramis kristalu-
ri masivis e.w. metaqviSaqvebis magaliTze. 

xramis kristaluri masivi agebulia kambriuliswina(?) gneisur–migmatituri 
kompleqsiT, romelic warmodgenilia biotitian-kordieritiani plagiogneisebiT, 
biotitian-rqatyuariani diorituli gneisebiT da migmatitebiT (plagiogranituli 
da granituli leikosomiT). aRniSnuli formacia metamorfizebulia, savaraudod, 
zedaproterozoul droSi (baikaluri orofazis cikli) da gancdili aqvs progra-
duli maRaltemperaturuli metamorfizmi. postbaikalur etapze gneisebi da migma-
titebi gaikveTa gabroidebis ZarRvebiT da StokebiT. adre – Sua karbonulSi, 
orogenezis sudetur fazaSi gneisur–migmatituri kompleqsis qanebma ganicada gvi-
anvariskuli metamorfizmi, intensiuri granitizacia da masTan dakavSirebuli 
retrograduli gardaqmnebi (Гамкрелидзе, Шенгелиа, 2005). Zliermetamorfizebul komp-
leqsSi dafiqsirebulia sustadgardaqmnili metaqviSaqvebisa da serpentinitebis 
teqtonikuri qerclebi (Хуцишвили, 1977) (sur. 2). 

metaqviSaqvebis teqtonikuri qercli warmodgenilia ≈50 m simZlavris gamosav-

liT md. WoWianis xeobaSi (md. xramis marjvena Senakadi). es qanebi sxvadasxva dros 
Seswavlili aqvT o. xuciSvils, m. kekelias (Хуцишвили, 1977, Кекелия, Хуцишвили, 1980), 
d. Sengelias da sxv. (Шенгелиа и др., 1992), T. wuwunavas da sxv. (Цуцунава, Икошвили, 
1998; Цуцунава, Кориковский, 2005). o. xuciSvilisa da m. kekelias azriT, sustad-
metamorfizebuli qanebi warmodgenilia metaqviSaqvebiT da amfibolitebiT da, 
gneisur–migmatitur kompleqsTan erTad, Sedis xramis masivis kristaluri fun-
damentis uZvelesi formaciis SemadgenlobaSi. isini SesaZleblad Tvlian geneti-
kur kavSirs aRniSnul qanebsa da kvarcian–dioritul gneisebs Soris. aRniSnaven 
ra metaqviSaqvebSi mkafiod gamoxatul fiqlebriobas, avtorebi ar gamoricxaven 
maT teqtonikur pozicias gneisur–migmatituri warmonaqmnebis mimarT. aRsaniSnavia, 
rom Semdgomi kvlevis Sedegad amfibolitebis arseboba ar dadasturda (Шенгелиа и 
др., 1992; Цуцунава, Кориковский, 2005; Гамкрелидзе, Шенгелиа, 2005). rogorc Cans, meta-

qviSaqvebis teqtonikuri qercli warmodgenilia ≈50 m simZlavris gamosavliT md. 
WoWianis xeobaSi (md. xramis marjvena Senakadi). es qanebi sxvadasxva dros Ses-
wavlili aqvT o. xuciSvils, m. kekelias (Хуцишвили, 1977, Кекелия, Хуцишвили, 1980), d. 
Sengelias da sxv. (Шенгелиа и др., 1992), T. wuwunavas da sxv. (Цуцунава, Икошвили, 1998; 
Цуцунава, Кориковский, 2005). o. xuciSvilisa da m. kekelias azriT, sustadmetamor-
fizebuli qanebi warmodgenilia metaqviSaqvebiT da amfibolitebiT da, gneisur–
migmatitur kompleqsTan erTad, Sedis xramis masivis kristaluri fundamentis 
uZvelesi formaciis SemadgenlobaSi. isini SesaZleblad Tvlian genetikur kavSirs 
aRniSnul qanebsa da kvarcian–dioritul gneisebs Soris. aRniSnaven ra metaqviSa-
qvebSi mkafiod gamoxatul fiqlebriobas, avtorebi ar gamoricxaven maT teqtoni-
kur pozicias gneisur–migmatituri warmonaqmnebis mimarT. aRsaniSnavia, rom Semd-
gomi kvlevis Sedegad amfibolitebis arseboba ar dadasturda (Шенгелиа и др.,  1992;  
Цуцунава,  Кориковский,  2005;  Гамкрелидзе,  Шенгелиа,  2005). rogorc Cans, amfibolitebad 
miCneul iqna aqtinolitiani metaqviSaqvebi. mogvianebiT, metaqviSaqvebis detaluri 
geologiur–mineralogiuri kvlevis safuZvelze, d. Sengeliam da misma 
Tanaavtorebma daadgines am qanebis ufro axalgazrda asaki da maTi aloqTonuri 
buneba (Шенгелиа и др., 1992). yvela zemoTaRniSnuli mkvlevaris azriT, metaqviSa-
qvebis metamorfizmis done Seesabameba mwvane fiqlebis faciesis qlorit-seri-
citul subfaciess. Cvens mier Catarebuli kvleva ki safuZvels gvZlevs vifiqroT, 
rom am qanebs gancdili aqvs anqimetamorfizmi da gadakristalebulia, savaraudod, 
epigenezisis gviani stadiis pirobebSi (Цуцунава, Кориковский, 2005). 
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sur. 2. xramis kristaluri masivis geologiuri agebuleba  
(o. xuciSvilis mixedviT, 1977). 

 
1–serpentiniti; 2–metaqviSaqva Pz1–Pz2; 3–gneisur-migmatituri kompleqsi; 4–gabroidebi; 5–mik-
rokliniani graniti; 6–kvarcian-porfiruli – granitian-porfiruli kompleqsi; 7–rRvevebi; 
8–transgresiuli ganlageba; 9–mezozour-kainozouri danaleqi safari. 
 

xramis masivis metaqviSaqvebi xasiaTdeba matriqsis fiqlebrivi saSualomarcv-
lovani struqturiT, romelsac aqvs, ZiriTadad, kvarc-plagioklazuri Sedgeni-
loba (metafsamitebi), xolo cementi warmodgenilia autigenuri qloritiT. qanis 
qimiuri Sedgeniloba3 motanilia cxrilSi 1. metaqviSaqvebSi gavrcelebuli mine-

raluri asociaciebia: Qtz+Ab+Chl±Bt±Pl, Qtz+Ab+Chl+Cal, Qtz+Ab+Chl±Ad±Bt, Qtz+Pl+Ch, 
Qtz+Ab+Pl+Chl, Qtz+Ab+Chl+Act±Cal±Ep±Prh4. qanSi aRiniSneba alotigenuri (klastoge-
nuri), autigenuri da Semotanili mineralebi. autigenuri mineralebi warmodgeni-
lia qloritiT, kvarciT, albitiT, adulariT, kalcitiT, aqtinolitiT, epidotiT 
da prenitiT. klastogenur mineralebs Soris dgindeba mxolod plagioklazi, 
kvarci da biotiti. qvemoT motanilia mineralebis qimiuri Sedgeniloba (cxr. 2). 
aqve aRvniSnavT, rom yvela es minerali ganviTarebulia gviani epigenezisisTvis 
damaxasiaTebeli formebiT. qani gajerebulia didi raodenobis dabaltemperaturu-
li kvarcis Sreebrivi da gamkveTi ZarRvebiT da adularis, albitisa da kalcitis 
ZarRvakebiT. metaqviSaqvebis piveladi bunebis rekonstruqcia miuTiTebs, rom aRni-
Snuli metafsamitebis sawyisi qanebi ar warmoadgenda wmindad terigenul warmo-
naqmnebs da ixreboda grauvakebis an fsamituri naklebTixiani tufitebis klasi-
saken; aRiniSneba, agreTve, andezit-bazalturi vulkanuri masalis minarevi, romel-
sac gancdili aqvs danaleqi diferenciacia da gamofitvis procesebi (Шенгелиа и 
др., 1992; Цуцунава, Икошвили, 1998). 

xramis masivis metaqviSaqvebis alotigenur mineralebs Soris yvelaze ufro 
informatiuli fazaa klastogenuri biotiti (Bt34-35) da misi autigenuri gadakris-

talebis produqtebi. igi mcire raodenobiTaa (≈10%) qanSi da warmodgenilia 1-2mm 

                                                
3 analitikuri kvlevebi Catarebulia saqarTvelos teqnikuri universitetis, al. janeliZis 

geologiis institutisa da moskovis saxelmwifo universitetis Sesabamis laboratoriebSi.  
4 mineralTa miRebuli simboloebi: Ab-albiti, Ad-adulari, Act-aqtinoliti, Bt-biotiti, Chl-

qloriti, Ep-epidoti, Cal-kalciti, Kfs-kaliumis mindvris Spati, Qtz-kvarci, Pl-plagioklazi, Phn-
fengiti, Prh–preniti. 
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zomis qerclebiT, aqvs mura feri da kargad SenarCunebuli pleoqroizmi, xSirad 
gaqloritebulia. zogjer SeimCneva K2O deficiti (nim. #409, ix. cxr. 2), rac miuTi-
Tebs mis Zlier vermikulitizaciaze sedimentogenezisis an epigenezisis dros. bio-
titis araregenirirebuli natexovani qerclebi TiO2-is SemcvelobiT axlosaa gra-
nituli Sedgnilobis Cveulebrivi maRaltemperaturuli biotitebis Sedgenilobas-
Tan, magram mkveTrad gansxvavdeba im mciretitaniani qarsebisagan, romlebic Cndeba 
namdvili metamorfizmis biotituri subfaciesis stadiaze (ix. cxr. 2). 

garda klastogenuri maRaltemperaturuli biotitisa, qanSi gvxvdeba misi 
autigenuri gadakristalebis Sualeduri produqti _ metastabiluri Ti–qloriti. 
igi warmodgenilia mura feris qerclebiT, axasiaTebs susti pleoqroizmi (an 
saerTod ar axasiaTebs), romelic icvleba uferodan mura-mwvanemde. biotitTan 
SedarebiT, mas gardatexis dabali maCvenebeli aqvs da, Tumca mTlianobaSi aqvs 
qloritis qimiuri Sedgeniloba, Seicavs TiO2 anomalur raodenobas (ix. cxr. 2). 
autigenuri qloritisgan gansxvavebiT, Ti–qloriti, rogorc ukve aRvniSneT, xasi-
aTdeba TiО2–is  (0.82 – 2.34) da, agreTve, К2О-is (0.35 – 3.78 %) maRali SemcvelobebiT da 
SedarebiT maRali gardatexis maCveneblebiT – Ng–Np = 0.016 – 0.028. amgvari optikuri 
maxasiaTeblebi da qimiuri Sedgeniloba absoluturad aratipiuria matriqsSi 
gaCenili autigenuri Ria-mwvane qloritisTvis. am ukanasknelSi К2О icvleba 
0.03_0.41 mas.% intervalSi, xolo TiО2 _ 0_0.25 mas.% farglebSi (ix. cxr. 2). qanSi 
metastabiluri Ti–qloriti warmodgenilia fsevdomorfozis saxiT da TiO2–is 
aseTi maRali Semcveloba mas memkvidreobiT aqvs SemorCenili Canacvlebuli klas-
togenuri biotitisgan (McDowell, Elders, 1983). rac Seexeba Ti–qloritSi K2O minarevis 
arsebobas (ix. cxr. 2), igi Cveulebriv aixsneba axladwarmoqmnili ilitis submik-
roskopuli Sreebrivi Canazrdebis meqanikuri monawileobiT an, mocemul SemTxve-
vaSi, reliqturi biotitis dastebis arsebobiT. K2O amgvari meqanikuri minarevis ga-
moricxva SesaZlebelia mxolod Zalian zusti eleqtronuli mikroskopuli kvle-
visas. saerTod ki, SereulSreebrivi metastabiluri mineralis mikrozonduri ana-
lizis dros minarevebis arsebobis Tavidan acileba TiTqmis SeuZlebelia. 

amgvarad, xramis masivis metaqviSaqvebis mura Ti–qloriti gvxvdeba mxolod 
klastogenuri biotitis mimarT fsevdomorfozis formiT da optikuri TvisebebiT 
da, rac mTavaria, qimiuri SedgenilobiT kardinalurad gansxvavdeba imave Slifeb-
Si arsebuli axladwarmoqmnili wvrilqerclovani qloritisgan (sur. 3). 

zemoT aRniSnulidan gamomdinareobs, rom klastogenuri biotitis anqimeta-
morfuli regeneracia gamoixateba orgvarad: erTi nawilis Canacvleba xdeba fen-
gitis da qloritis wvrilqercvlovani agregatiT da Cndeba leikoqseni (rogorc 
zogadad aris cnobili), xolo meore nawili – gardaiqmneba optikurad anomalur 
qarsad, romlis qimiuri analizi Seesabameba titaniT mdidar Ti–qlorits an Ti–
fengits (Кориковский и Путиш, 1999). meore saxis tranformacia ganixileba, rogorc 
biotitis daSlis Sualeduri produqti, roca gviani epigenezis pirobebSi, manamde, 
vidre gaCndeba leikoqseni, warmoiqmneba aseTi araordinaruli Sedgenilobis meta-
stabiluri fazebi. mocemul SemTxvevaSi, mimdinareobs Canacvlebis meore varianti, 
magram qanis qimiuri Sedgenilobidan gamomdinare (metafasamitebi), mxolod Ti–
qloritis warmoqmniT.  rac Seexeba biotitis daSlis meore produqts _ Ti_fen-
gits, misi ararseboba mocemul metaqviSaqvebSi aixsneba qanis qimiuri Sedgenilo-
biT, romlisTvisac damaxasiaTebelia K2O da SiO2  dabali Semcvelobebi. 

qvemoT mokled davaxasiaTebT xramis masivis metaqviSaqvebis autigenur qlo-
rits, radgan misi qimiuri Sedgeniloba garkveul informacias iZleva qanis Secv-
lis xarisxze. autigenuri qloriti aris qanis qarsian–mindvrisSpatiani matriqsis 
dominanti faza, romelsac axasiaTebs Ria mwvane an momwvano-moyviTalo feri da 
qloritisTvis damaxasiaTebeli optikuri konstantebi, SedarebiT magneziuria, rki-
nianoba tolia 23-45% da TiTqmis ar Seicavs TiO2 da  K2O. qloritebis rentge-
nostruqturuli analiziT miRebuli maxasiaTebeli refleqsebi _ dA0 14.14 – I B da 
7.07 – I B (Шенгелиа и др., 1992) Seesabameba qloritis epigenetur saxesxvaobebs _ septe-
qloritebs (7 dA0–IB, β=900 ) da leptoqloritebs (14 dA0 – I B, β=900). cnobilia, rom 
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qloritis es saxesxvaobebi tipiuria gardaqmnis mxolod diageneturi donisTvis, 
xolo epizonis zeda nawilisa da namdvili metamorfizmis qloritebisTvis ki 
damaxasiaTebelia refleqsebi _ 14 Å II B, β=97º (Логвиненко, 1974). qimiuri 
Sedgenilobis mixedviT, xramis masivis metaqviSaqvebis autigenuri qloriti Seesa-
bameba rkinian-magnezialur saxesxvaobas _ ripidolits, Tumca masSi aRiniSneba 
MgO odnav amaRlebuli Semcveloba _ saSualod, 21.70 mas.% (Cveulebriv ripido-
litSi MgO Semcveloba tolia _ 13.00_20.00 mas.%). am elementis odnav momatebuli 
Semcveloba qloritSi aixsneba mocemul metaqviSaqvebSi MgO Semcvelobis aweuli 
maCvenebliT (ix. cxr. 1). m. freis mixedviT (Frey, 1978), ripidolitis, romlis struq-
turuli formulaa _ (Mg2.4-2.9Fe2

2.3-1.7Al1..3)6(Si2.7Al1.3)4O10 (OH)8,  gaCenis temperaturuli 
intervali Seesabameba 200-2500C. Sedarebisas aRmoCnda, rom gansaxilveli autige-
nuri qloritebis Cvens mier gadaTvlili kristalografiuli formulebi (cxr. 3) 
Seesabameba ripidolitis zeda temperaturul zRvars, anu Tavsdeba anqimetamor-
fizmis temperaturul intervalSi (150_3000C). 

xramis masivis metaqviSaqvebis gardaqmnis facialuri pirobebis dasadgenad, 
zemoTCamoTvlili mkvlevarebi eyrdnobodnen qanis mineralur Sedgenilobas da 
autigenuri da klastogenuri mineralebis qimiur Sedgenilobas. metaqviSaqvebSi 
dabaltemperaturuli metamorfizmisTavis damaxasiaTebeli mineralebis arsebobis 
gamo, qanis Secvlis xarisxi maT miakuTvnes mwvane fiqlebis faciesis qlorit-
sericitul subfaciess. magram, Tanamedrove SexedulebebiT, is faqti, rom qanis 
autigenur matriqsSi gvxvdeba albiti, ripidolituri qloriti, epidoti da aqti-
noliti, SeiZleba miuTiTebdes rogorc anqimetamorfizmis, aseve namdvili meta-
morfizmis temperaturul pirobebze. cnobilia, rom aqtinoliti ufro damaxasia- 

 
cxrili 1 

 
xramis kristaluri masivis metaqviSaqvebis qimiuri Sedgeniloba (mas.%) 
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cxrili 2 
       xramis kristaluri masivis metaqviSaqvebis mineralebis qimiuri 

Sedgeniloba (mas.%) 
 

 № Mminer. SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O ∑ 

403 
Chl 

28,12 
29,59 

0,04 
0,07 

16,35 
17,17 

22,93 
21,20 

0,48 
0,25 

23,72 
21,23 

0,06 
0,30 

- 
0,19 

- 
0,08 

92.30 
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 - 6,83 97,74 

405 

Chl 
 

28,15 
27,70 

0,14 
0,10 

19,17 
20,58 

20,23 
20,72 

0,35 
0,33 

21,37 
22,39 

0,07 
0,04 

0,17 
0,15 

0,03 
0,03 

90,04 
92,03 

Ab 
66,53 
66,35 

- 
- 

19,07 
19,92 

1,32 
0,27 

0,32 
0,05 

1,47 
0,19 

0,22 
0,19 

11,74 
10,56 

0,08 
1,58 

100,07 
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 

Pl* 
61,23 
59,84 

0,01 
0,02 

23,98 
24,14 

0,07 
0,15 

0,01 
- 

- 
- 

6,67 
7,47 

7,63 
8,55 

0,36 
0,30 

99,99 
100,47 

408 Act 
52,43 
52,44 
52,79 

0,21 
0,26 
0,23 

3,24 
3,31 
3,58 

13,08 
13,29 
12,78 

0,41 
0,70 
0,59 

17,29 
17,20 
16,71 

11,82 
11,39 
12,01 

0,52 
0,65 
0,35 

0,20 
0,26 
0,26 

99,21 
99,80 
99,35 

441 

Act 
52,55 
52,46 

0,57 
0,66 

5,08 
5,09 

13,05 
13,06 

0,51 
0,62 

15,62 
15,42 

11,63 
11,92 

1,04 
0,59 

0,35 
0,78 

100,41 
100,32 

Ti-Chl 

33,26 
36,72 
30,38 
34,28 

1,92 
2,34 
1,36 
1,93 

15,81 
15,52 
16,82 
17,33 

17,75 
18,17 
18,32 
18,41 

0,26 
0,26 
0,35 
0,32 

17,14 
18,02 
19,02 
18,29 

0,68 
1,64 
0,17 
0,63 

- 
- 
- 
- 

0,99 
0,71 
3,78 
1,39 

92,81 
95,36 
93,80 
92,63 

415 
Ti-Chl 

30,41 
30,10 
30,45 

1,24 
2,18 
0,82 

16,41 
16,35 
17,71 

19,67 
19,55 
21,29 

0,50 
0,49 
0,39 

22,26 
20,02 
21,37 

0,38 
1,67 
0,30 

- 
0,06 
- 

0,41 
0,35 
0,47 

91,25 
90,74 
92,80 

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

416 
Chl 

23,38 
26,44 
26,39 
23,30 

0,17 
0,28 
0,07 
0,12 

17,37 
17,29 
17,55 
17,95 

25,43 
25,32 
25,52 
25,58 

0,48 
0,41 
0,57 
0,43 

20,42 
20,24 
21,00 
19,00 

0,05 
0,14 
0,02 
0,08 

- 
- 
0,26 
0,16 

0,25 
0,05 
0,02 
0,12 

90,58 
90,16 
91,40 
90,29 

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

417 

Act 
50,94 
52,99 

0,19 
0,19 

3,74 
3,65 

15,01 
14,05 

0,71 
0,03 

16,21 
16,50 

11,75 
10,99 

0,43 
0,45 

0,25 
0,26 

99,23 
99,71 

Chl 
27,94 
27,68 

0,06 
0,03 

18,65 
19,11 

22,57 
22,87 

0,43 
0,47 

21,90 
22,45 

0,11 
0,06 

0,18 
- 

0,01 
0,01 

91,85 
92,68 

Ti-Chl 
32,36 
33,59 

1,18 
1,68 

17,61 
16,53 

20,34 
17,27 

0,31 
0,34 

23,41 
22,14 

0,13 
0,41 

- 
0,15 

1,36 
2,97 

97,17 
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 

420 
Chl 

30,92 
27,88 

- 
0,37 

14,42 
16,14 

14,68 
21,24 

0,31 
0,36 

27,19 
24,52 

1,20 
0,34 

0,46 
0,11 

0,07 
0,11 

89,25 
90,87 

Act 
52,99 
52,95 

0,19 
0,24 

3,14 
3,85 

13,08 
12,17 

0,70 
0,72 

18,05 
17,85 

11,09 
11,07 

0,34 
0,63 

0,23 
0,23 

99,78 
99,71 

 
* klastogenuri mineralebi 
 
metaqviSaqvebis mineraluri paragenezisebi:  
№403 – Chl36+Qtz+Ab+[Bt35, Pl];  
№405 – Chl34+Ab(Pl1)+Ad11+[Qtz, Pl33, Kfs34];  
№408 – Act30+Chl+Ab+Qtz±Ka+[Qtz, Pl, Bt];  
№416 – Chl40-43+Act+Qtz+Ab±Cal+[Pl31];  
№415 – Chl32-42+Act+Ab+[Pl, Qtz];  
№418 – Act+Chl37+Qtz+[Pl, Bt];  
№417 – Act32-34+Chl30-37+Ad0+Qtz+Ab+[ Pl, Bt, Kfs];  
№420 – Chl23-33+Act+Chl+Qtz+Ab+[Pl]. 
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sur. 3. xramis kristaluri masivis metaqviSaqvebis qarsebSi Ti da K Tanafardoba (ix. cxr. 2) 
1–autigenuri qloriti matriqsidan, 2–autigenuri Ti–qloriti (fsevdomorfozebi klasto-
genuri biotitis mimarT), 3–klastogenuri biotiti. 

 
cxrili 3 

 
xramis kristaluri masivis metaqviSaqvebis autigenuri qloritebis (ix. cxr. 2)  

kristaloqimiuri formulebi (gadaTvlilia Jangbadis 14 atomze) 
 

№ Si Ti AlIV AlVI Fe Mn Mg Ca Na K XFe% ∑OK 

403 
2.79 0.01 1.21 0.77 1.90 0.04 3.28 0.01 - - 36 6.00 
2.96 0.01 1.04 0.98 1.78 0.02 3.16 0.07 0.02 - 36 5.95 

405 
2.65 0.01 1.35 1.33 1.60 0.03 3.03 0.01 0.03 - 35 6.00 
2.54 0.01 1.46 1.35 1.60 0.02 3.05 0.01 - - 34 6.00 

415 2.71 0.03 1.29 1.15 2.15 0.02 2.66 0.02 0.01 0.02 45 6.00 

416 

2.56 0.01 1.44 1.07 2.07 0.02 2.85 - - 0.02 42 6.00 
2.57 0.02 1.43 1.07 2.07 0.03 2.83 0.01 - - 42 6.00 
2.54 0.01 1.46 1.06 2.06 0.04 2.86 - 0.03 - 42 6.19 
2.60 0.01 1.40 1.19 2.09 0.04 2.70 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 
2.91 - 1.09 0.93 1.15 0.02 3.82 0.12 0.08 0.01 23 5.92 
2.63 0.03 1.37 0.91 1.70 0.03 3.33 0.03 0.02 0.01 34 6.00 

 
 
Tebelia mwvane fiqlebis faciesis biotituri subfaciesisTvis, magram bolo wleb-
Si miCneulia, rom misi gaCena SesaZlebelia 220 оС temperaturazec (Frey et al., 1991; 
Himmelberg et al, 1995; Schmidt, Robinson, 1997). xramis masivis metaqviSaqvebis aqtinoliti, 
romelSic Al2O3 da Na2O ramdenadme amaRlebuli Semcveloba (5%-mde) aRiniSneba (ix. 
cxr. 2), warmodgenilia momcro zomis prizmuli kristalebis saxiT da ukavSir-
deba albitis domenebs. amaze metyvelebs agreTve,  rentgenostruqturuli anali-
zis Sedegad miRebuli misi maxasiaTebeli refleqsebi. es faqti imis damadasture-
belia, rom moxda plagioklazis sruli deanorTitizacia, radgan aqtinolitis 
refleqsebi Cndeba mxolod maSin, roca qanSi aRar aris plagioklazi. garda amisa, 
pirveladi klasturi rqatyuaris arcerTi reliqti metaqviSaqvebSi ar fiqsirdeba, 
rac mianiSnebs, rom aqtinolitis gaCena ar aris gamowveuli rqatyuaris Canacvle-
biT. yovelive zemoTaRniSnulidan gamomdinare vTvliT, rom aqtinolitis pawawina 
prizmebi aSkarad axladwarmonaqmnebia metaqviSaqvebis autigenur matriqsSi. rac 
Seexeba metaqviSaqvebSi prenitisa da epidotis jgufis mineralebis arsebobas, isi-
ni aRmoCenilia plagioklazis intensiurad gasosuritebul ubnebze. prenitis gaCe-
na klasturi plagioklazis mimarT fsevdomorfozebSi warmoadgens prenit-aqtino-
lituri subfaciesis indikators Ca-iT mdidari vulkanoklasturi qanebisTvis. 
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sayovelTaod miRebuli facialuri gradaciis mixedviT ki, aRniSnuli subfaciesi 
anqimetamorfizmis epizonis eqvivalenturia (Liou et. al., 1987). aqtinolitis, romelic 
Seicavs 5.04 mas.%-mde Al2O3 da 1.04 mas.%-mde Na2O, arseboba Seswavlil qanebSi ar 
ewinaaRmdegeba Cvens mier miRebul daskvnas, radgan prenit-aqtinolitur sub-
faciesSi es sidideebi aRweven 7.6 da 2.2 mas.%-s, Sesabamisad (Bevins, Merriman, 1988).  

amrigad, biotitis daSlis metastabiluri produqtis _ Ti–qloritis Tana-
arseboba qanis matriqsis iseT axladwarmoqmnil wonasworul fazebTan, rogori-
caa qloriti, aqtinoliti, epidotis jgufis mineralebi da preniti, maCvenebelia 
swored anqimetamorfizmis arawonasworuli procesisa (Кориковский и Путиш, 1999). 
ufro metic, zogierTi mkvlevaris azriT, qanSi klastogenuri biotitis Senar-
Cuneba, miuTiTebs qanis gardaqmnaze anqimetamorfizmis pirobebSi, romlis tempera-
tura ar aRemateba 2500C (Япаскурт, Парфенова, 2000).  

 
daskvna 

 
statiaSi ganxilulia maRaltemperaturuli biotitis transformaciis xasia-

Ti namdvili metamorfizmisa da anqimetamorfizmis sazRvarze. aRniSnuli minera-
luri gardaqmna Cvens mier gamoyenebulia xramis kristaluri masivis e. w. meta-
qviSaqvebis Secvlis facialuri pirobebis dasadgenad. qanis qimiuri Sedgenilobi-
dan gamomdinare, swored am mineralis gardaqmnis Taviseburebebis dadgena aRmoCn-
da mniSvnelovani mocemuli metaqviSaqvebis metamorfizmis donis gansasazRvrad.  

metaqviSaqvebis autigenur matriqsSi rigi ”metamorfuli” mineralis arseboba 
SeiZleba miuTiTebdes rogorc namdvili metamorfizmis, aseve anqimetamorfizmis 
temperaturul pirobebze. amitom, gadamwyveti mniSvneloba aqvs Semdeg faqtors: qa-
nis natexovan fazaSi maRaltemperaturuli biotitis qerclebis nawilobriv Sena-
rCunebas da, amave dros, misi nawilis gardaqmnas specifkiur mura feris meta-
stabilur Ti–qloritSi; erTic da meorec SesaZlebelia mxolod anqimetamorfiz-
mis epizonaSi (Korikovsky et.al., 1992; Кориковский, Путиш, 1999). temperaturis matebasTan 
erTad, maRaltemperaturuli reliqturi biotiti mTlianad iSleba, xolo meta-
stabiluri fazebi aRar fiqsirdeba, radgan qlorit–sericituli subfaciesisTvis 
kritikul paragenezisSi Ti–qlorits anacvlebs wvrilqerclovani fengiti da da-
baltemperaturuli qloriti, Ti-is oqsidebis minarevis warmoqmniT. 

maRaltemperaturuli klastogenuri biotitis transformaciis kvlevis Sede-
gad dgindeba, rom xramis kristaluri masivis metaqviSaqvebSi mineraluri wonas-
worobebi Seesabameba anqimetamorfizmis epizonis pirobebs (T=270-3000C) da ara nam-
dvili metamorfizmis mwvane fiqlebis faciesis qlorit-sericituli subfaciesis 
dones. 
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sakenis madniani veli (kavkasioni, svaneTi):  
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kavkasionis kristalur fundamentSi, sakenis variskanuli granodiorituli intru-
zivisa da granit-migmatituri kompleqsis kontaqtis zonaSi xangrZlivi kvlevis Sedegad 
avtorebis mier gamoyofili iqna sakenis madniani veli. gamadneba miekuTvneba kvarc-oqro-
mcire sulfidur genetur tips, romelic mTlianad kontroldeba alibekis regionuli Se-
cocebiT da misi gamkveTi axalgazrda rRvevaTa sistemiT. Catarebulma kvlevbma aCvena, rom 
Tanamedrove erozia aSiSvlebs madniani sistemis ZiriTadad frontalur, kvarc-oqro-anTi-
monitur asociaciebs, ris gamoc avtorebi uSveben, rom qveda fenebSi mosalodnelia Sto-
kverkuli kvrc-oqroiani mZlavri gamadneba. 

 
Sakeni Ore Field (the Greater Caucasus, Svaneti): Main  Factors of Formation and Prospects. 

Okrostsvaridzе A.
1
,  Bluashvili D.

21. 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.com2. 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.  
 

Сакенское рудное поле (Большой Кавказ, Сванетия): основные факторы образования и 

перспективы А.В. Окросцваридзе
1
, Д.И Блуашвили

2
.
 Министерство просвещения и науки Грузии. ЮЛОП 

Институт геологии им. А.Джанелидзе, Тбилиси 0171, ул. М.Алексидзе 1/9. E-mail: a.golddew@gmail.com. 2 

Грузинский технический университет, Тбилиси, ул. М.Костава 77, 0175, Грузия.  
В кристаллическом фундаменте Большого Кавказа, в зоне контакта Сакенского гранодиоритового 

интрузива варисцийской генерации и домезозойского гранит-мигматитового комплекса, в результате 
длительных исследований авторами было выделено Сакенское рудное поле. Оно относится к кварц-золото-
низкосульфидному генетическому типу и целиком контролируется Алибекским региональным надвигом и 
системой секущих молодых разломов. В результате проведенных работ современная эрозия, в основном, 
обнажает низкотемпературную фронтальную кварц-золото-антимонитовую часть рудной системы.  

 

 

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, <50-600) 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 77km2) 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 (315±5 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).  
 

 
 

Sesavali 
 

kavkasioni warmoadgens fanerozoul koliziur orogenul  sistemas, rome-
lic gaidevneba daaxloebiT 1200 km-ze, tamanis naxevarkunZulidan afSeronis naxe-
varkunZulamde da maqsimalur siganes (180km) aRwevs centralur nawilSi. Tanamed-
rove teqtonikuri daraionebis mixedviT igi ganixileba rogorc kavkasionis tere-
ini (Gamkrelidze, 1997). mis formirebaSi aSkarad gamoiyofa ori didi etapi: mezozou-
ramdeli da mezozouris Semdgomi. kavkasionze mezozouri etapi iwyeba transgre-
siiT, regionaluri uTanxmoebiT da qanebis formaciuli cvlilebebiT, xolo kav-
kasionis mezozouramdeli kristaluri warmonaqmnebi geologiur literaturaSi 
ganixileba rogorc kristaluri fundameti. misi gaSiSvlebani orogenis centra-
lul nawilSi  gaidevneba daaxloebiT 200km-ze, romlis maqsimaluri simZlavre ar 
aRemateba 40km-s. kavkasionis mezozouramdeli fundamenti warmoadgens rTul hete-
rogenul koliziur-akreciul warmonaqmns, romelic ZiriTadad agebulia pan-afri-
kuli, kaledonuri da varisciuli plagiogneisebiT, granitogneisebiT, kvarciani 
dioritebiT, granodioritebiT, kristaluri fiqlebiT, amfibolitebiT da ofioli-
tebis fragmentebiT (Шенгелиа и др., 1991; Гамкрелидзе, Шенгелиа, 2005; Окросцваридзе, 2007; 
da sxvebi). masSi gamoiyofa ramodenime struqturul-formaciuli erTeuli, romle-
bic gamijnulni arian erTmaneTisgan regionaluri teqtonikuri uTanxmoebiT an su-
turuli zonebis gaswvriv ganviTarebuli iuruli depresiebiT.     

gasuli saukunis bolo wlebamde iTvleboda, rom kavkasionis mezozouramde-
li kristaluri fundamenti saqarTvelos farglebSi Raribia sasargeblo wiaRise-
uliT, magram ukanasknel wlebSi Catarebulima samuSaoebma aCvena am Sexedulebis 
usafuZvloba (Окросцваридзе 1987, 1992; Шенгелиa и др., 1997; Квициани и др., 1995, 1997; 
Okrostsvaridze, Bluashvili, 2000; Okrostsvaridze et al., 2005). madniani mineralizaciis Tvalsa-
zrisiT gansakuTrebul yuradRebas imsaxurebs varisciuli generaciis mantiur-qer-
quli genezisis sakenis granitoiduli intruzivis Crdilo kontaqtis zona mezzo-
zouriamdel anateqtur granit-migmatitur kompleqsTan. zona gauyveba alibekis 
regionalur Secocebac, romlis farglebSic aRiniSneba ramodenime  perspeqtiuli 
madangamovlineba, romelTa sivrcobrivi kavSiri da savaroudod parageneturic sa-
kenis intruzivTan aSkaraa. am zonaSi Cvens mier Catarebuli mravalwliani (1990-
2007ww) samuSaoebis Sedegad, gamoyofili iqna oqro-kvarc-dabalsulfiduri hidr-
oTermuli geneturi tipis sakenis madniani veli, romlis mokle aRweras gTava-
zobT am statiaSi.  
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faqtobrivi masala 

 
savele samuSaoebis Sedegad Sedgenili iqna sakenis madniani velis sqematuri 

geologiuri ruka; gamadnebis Semcveli qanebidan aRebuli iqna 300-ze meti sinji, 
romelTaganac 100-ze met sinjs Cautarda sruli silikaturi da geoqimiuri ana-
lizebi; madniani asociaciebidan wertilovani meTodiT aRebuli iqna 1000-ze meti 
sinji, romelTa saSualo wona 5-7kg-s Seadgenda, romelTaMmadniani elementebis 
analizebi Catarda saqarTvelos mecnierebaTa akademiis geologiuri institutis, 
firma “gama”-s, kavkasiis mineraluri nedleulis institutis da kazreTis samTo-ga-
mamdidrebuli kombinatis laboratoriebSi atomur-absorbciuli meTodiT; 2007 da 
2008 wlebSi madniani sinjebis analizebi Sesrulda vankuveris (kanada) ALS Chemex 
laboratoriaSi induqciuri plazmuri speqtroskopiis meTodiT (ICP).  
 
raionis mokle geologiuri daxasiaTeba 

 
sakenis madniani veli (sur.1) formirebulia kavkasionis samxreT ferdze Te-

berdisa da sofiis subtereinebis koliziis zonaSi. Aam Sexebis gaswvriv, romelic 
literaturaSi cnobilia rogorc alibegis regionaluri uTanxmoeba, Teberdis 
subtereinis granit-migmatituri kompleqsis qanebi Secocebulia sofiis subtere-
inis sakenis diorit-granodioritul intruzivze.  

alibekis regionaluri Secoceba (SW-NW, <60-700) warmoadgens raionis ZiriTad 
teqtonikur erTeuls, romelic reliefSi kargadaa gamoxatuli cicabo ferdo-
bebisa da karnizebis saxiT. Secocebis simZlavre zog ubanze 500 metrsac ki aWar-
bebs, romlis moqmedebis arealSiFqanebi ganicdian intensiur danapralianebas, 
breqCirebas da greizenizacias. igi ikveTeba SedarebiT mcire gamweobis submeri-
dianuli, savaraudod alpuri generaciis rRvevebiT, romelTa gaswvrivac gadaadgi-
lebulia rogorc teqtonizirebuli da greizenizirebuli qanebi, aseve gamadnebu-
li ubnebic.AaRsaniSnavia, rom xSirad Au, Sb da As maRali koncentraciebi am rRve-
vaTa sistemis moqmedebis arealebs ukavSirdeba, ufro konkretulad, maTi SeuRle-
bis kvanZebs alibekis regionalur SecocebasTan.   

granit-migmatituri kompleqsi warmoadgens anateqturi qarsiani granitebis 
da migmatitebis genetur erTobliobas, sadac migmatitebi warmodgenilia sxvada-
sxva morfologiuri tipebiT, xolo granitoidebi, rogorc TanxmobiTi ise mobi-
lizebuli gamkveTi sxeulebiT. Aam kompleqsis protiliTs warmoadgenda ZiriTa-
dad amfibolitur faciesSi metamorfizebuli qveda-Suapaleozouri metaterige-
nuli naleqebi. magmis generacia mimdinareobda SerCeviTi lRobis pirobebSi daba-
li wnevis (2.2-3.7 kb) da maRali temperaturis (700-7500C) pirobebSi. geologiuri, 
petrologiuri da geoqimiuri monacemebiT es kompleqsi miekuTvneba tipiur qer-
qul (S-tipis) warmonaqmnebs, romlebic sabolood Camoyalibdnen varisciuli teq-
tonikur-magmuri movlenebis dros. 

rogorc cnobilia parametric N/C (N=2N2; C=CO2+CH4+3CxHy) kontinenturi 
qerqis qanebisTvis variacias ganicdis 0.15-0.50 farglebSi, xolo okeanuri qanebis-
Tvis es parametri 0.15-ze dabalia (Norman, Sawkins, 1987).  granit-migmatitur kompleq-
sis qanebSi Aes parametri 0.205-0.398 farglebSi meryeobs, rac aSkarad continent-
uri qerqis monacemebia (Окросцваридзе, 2007). 

sakenis intrizivs gaaCnia transkavkasiuri mimarTebis (NW-SE) linzieburi fo-
rma, romelsac Tanamedrove eroziuli done daaxloebiT 80km2 farTze aSiSvlebs. 

samxreTidan da CrdiloeTidan intruzivi Semofarglulia Sesabamisad mTavari da 
alibegis regionaluri SecocebiT, xolo aRmosavleTiT da dasavleTiT igi iso-
leba qveda-Sua paleozour gvandrisa da sisinas wyebebSi. intruzivi ZiriTadad 
agebulia kvarciani dioritebiT da granodioritebiT; damorCilebulad aRiniSneba 
gabrodioritebi da adamelitebi, romlebic sruliad TanxmobiT anacvleben erTma-
neTs. geologiuri, petroqimiuri da geoqimiuri monacemebiT sakenis intruzivi 
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miekuTvneba I an H tipis mantiur-qerquli generaciis warmonaqmns, romlis izoto-
puri asaki, U-Pb meTodiT gansazRvruli,  320±5 ml. wels Seesabameba.  

kriometriulma kvlevebma gviCvena, rom xsnarebs, romlebic monawileobas Re-
bulobdnen sakenis intruzivis formirebaSi, upiratesad gaaCndaT Na-Cl specializa-
cia, romelTa koncentracia 8-9mas.% (ЄNaCl) iyo. Qqromatografiuli monacemebis mixe-
dviT sakenis intruzivis gazebis jamuri raodenoba Seadgens 2.8 ml/g, xolo para-
metric H2O/CO2 saSualod 3.3 pasuxobs. N/C parametris mixedviT sakenis intruzivi 
Seesabameba rogorc okeanuri qerqis warmonaqmnebs (0.114-0.121), aseve – kontinenturi 
qerqis (0.314-0.347) (Окросцваридзе, 2007). 

 
madniani velis mokle daxasiaTeba 

 
raionis teqtonikuri, liTologiuri, struqturuli, petrologiuri da geo-

qimiuri Taviseburebani da gamadnebuli zonebis lokalizacia sivrceSi calsaxad 
adasturebs sakenis madniani velis arsebobas (ix.sur.1). Seswavlis dRevandel 
doneze masSi mikvleulia Semdegi madangamovlinebani (aRmosavleTidan dasavle-
TiT):  1-kakrinaWkuris, 2-hokrilas, 3-memulis da 4–aCaparas.  

yvela es madangamovlineba lokalizebulia sakenis diorit-granodiorituli 
intruzivis CrdiloeT kontaqtis zonaSi, miekuTvneba kvarc-oqro-mciresulfidur 
hidroermul genetur tips (Goldfarb et al., 2005) da kontroldeba alibekis regiona-
luri rRveviT da misi gamkveTi axalgazrda rRvevaTa sistemiT. madniani sxeulebi 
mTeli madanSemcavi zonis farglebSi gvxvdeba da isini warmodgenilia erTeuli 
santimetridan erTeul metramdis zomebis ZarRvebiT, budobebiT da linizebiT, 
romelSic ZiriTadad gamoiyofa sami madniani asociacia: kvarc-Seelituri, kvarc-
pirit-arsenopirituli da kvarc-anTimonituri. Ooqro gvxvdeba samive maTganSi, 
magram yvelaze maRali koncentraciebi aRiniSneba kvarc-pirit-arsenopiritul aso-
ciaciaSi.  

hokrilas madangamovlineba sakenis madniani velis yvelaze kargad 
Seswavlil ubans warmoadgens da SiSvldeba md. hokrilas marcxena karnizebze. 
igi ZiriTadad ganviTarebulia teqtonizirebul, danapralianebul da greizeni-
zirebul granit-migmatituri kompleqsis qanebSi. madanSemcavi zona gaidevneba 
daaxloebiT 2.3 km-ze, romlis maqsimaluri simZlavre (500m) mis centralur nawil-
Si aRiniSneba (md. vanis Wrili), xolo dasavleTiT da aRmosavleTiT misi simZlav-
re mcirdeba 150-200 m-de. am madangamovlinebaSi oqros Semcveloba zogierT ubanze 
30 g/t aRwevs, xolo saSualo Semcveloba 6.11 g/t-s farglebSia. oqros Semcveloba 
kvarc-anTimonitian asociaciaSi ar aris maRali (icvleba 1.23 g/t – 2.33 g/t), magram 
igi stabiluradaa ganawilebuli mTeli madniani sxeulis farglebSi. am asocial-
ciaSi yuradRebas iqcevs Sb maRali koncentraciebi, romlis saSualo Semcveloba 
5-6% aRwevs. kvarc-Seelituri asociacia gvxvdeba mxolod hokrilas gamovlinebis 
dasavleT blokSi, sadac W koncentracia 2.21% aRwevs.   

aCaparas madangamovlineba SiSvldeba md.aCaparas marjvena karnizebze da 
gaidevneba daaxloebiT 2 km manZilze saSualod 400m  simZlavriT. igi rogorc 
geneturad is struqturulad da masStabebiT did msgavsebas avlens hokrilas ma-
dangamovlinebasTan.Aam madangamovlinebaSic oqros yvelaze maRali koncentraci-
ebi aRiniSneba kvarc-pirit-arsenopiritul asociaciaSi, sadac misi maqsimaluri 
Semcveloba 17.03 g/t aRwevs. kvarc-anTimonian asociaciaSi oqros Semcveloba ar 
aris maRali (meryeobs 0.91 g/t-1.74 g/t), magram didia Sb koncentracia, romlis 
saSualo Semcveloba 3.54% Seadgens.  

memulis madangamovlineba. igi hokrilasa da aCaparas madangamovlinebebs 
Sorisaa  moqceuli da sakenis madniani velis yvelaze CrdiloeTiT mdebareobs. es 
madangamovlinebac granit-migmatituri kompleqsis qanebSia lokalizebuli da 600-
700 m simZlavriT gaidevneba daaxloebiT 1.8 km-ze. am madangamovlinebis kvarc-
pirit-arsenopiritul asociaciaSi oqros Semcveloba meryeobs 0.62g/t - 2.84g/t 
farglebSi, xolo saSualo Semcveloba 1.26 g/t Seadgens. kvarc-anTimonitian 
asociaciaSi Au Semcveloba aRwevs 1.01 g/t,  xolo Sb – 1.8% (kviciani da sxv., 1997). 
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kakrinaWkuris madangamovlineba SiSvldeba sakenis granitoiduli 
intruzivis aRmosavleT daboloebaze. aq intruzivis Semcav kristalur fiqlebSi 
da magmatitebSi formirebulia breqCirebuli da greizenizirebuli madanSemcevi 
zona, romelic ramodenime aTeuli metris simZlavriT, daaxloebiT 400 m-ze, rka-

lurad miuyveba intruzivs. gamadnebა igive tipisaa, rogoric zemoaRweril madan-
gamovlinebebSi. kvarc-pirit-arsenopiritul asociaciaSi Au maqsimaluri Semcvelo-
ba 2.43 g/t aRwevs, xolo kvarc-anTimonitur asociaciaSi - 1.0 g/t. am ukanasknelSi 
Sb saSualo koncentraciaa 1.12% (kviciani da sxv., 1997). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur.1. sakenis madniani velis raionis sqematuri geologiuri ruka  
da misi geografiuli mdebareoba. 

1– qvedaiuruli aspiduri fiqlebi, 2 – Suapaleozouri sisinas wyeba: epidot-amfibolituri 
faciesis metaterigenuli fiqlebi, 3– qveda paleozouri kliCis wyeba: metaterigenuli 
fiqlebisa da upiratesad amfibolitebis morigeoba, 4–qveda paleozouri gvandris wyeba: 
metaterigenuli gneisebi, amfibolitebi da migmatitebi, 5 –alpuriswina granit-migmatituri 
kompleqsi, 6–zedavarisciuli sakenis granitoiduli intruzivi, 7–Suairuli gabro-diabaze-
bi, 8–madanSemcavi zonebi (1-kakrinaWkuris, 2-hokrilas, 3-memulis, 4-aCaparas), 9–regionuli 
Secocebebi (MT-mTavari Secoceba, A-alibegis Secoceba), 10–lokaluri rRvevebi, 11-geolo-
giuri sazRvrebi, 12–myinvarebi. 
 
 
madniani velis warmoSobis ZiriTadi faqtorebi 

 
sakenis madniani veli warmoadgens tipiur postmagmur hidroTermul warmo-

naqmns, romelic damaxasiaTebelia koliziuri orogenuli sistemebisaTvis. dReisa-
Tvis ar arsebobs srulyofili konceptualuri modeli aseTi tipis gamadnebebis-
Tvis, magram dadgenilia mTeli rigi faqtorebisa, romelTa monawileoba aseTi 
tipis sabadoebis formirebaSi aucilebelia. maT miekuTvneba: regionis xelsayreli 
geodinamikur reJimi; raionis Sesabamisi teqtonikuri agebuleba; fizikur-qimiuri 
barierebis arseboba; madanmatarebeli fluidebi; iseTi Termobaruli reJimis arse-
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boba, romelic ganapirobebs madniani elementebis gamoleqvas fizikur-qimiuri 
barierebze.  

sakenis madniani velis formirebaSi monawileobos yvela zemoT CamoTvlili 
faqtori, kerZod igi formirebulia koliziuri geodinamikuri reJimis regionSi,  
romlis farglebSic yalibdeba akreciuli struqturebi ris gamoc aqtiurdeba 
magmuri kerebi. mZlavri regionaluri uTanxmoebebis moqmedebis zonebSi qanebi ga-
nicdian intensiur danapralianebas, msxvrevas da gakvarcebas, rac qmnis xelsay-
rel struqturul da fizikur-qimiur barierebs madniani elementebis gamosaleqad. 
amasTan erTad, regionaluri uTanxmoebebi, Cvens SemTxvevaSi alibegis regionuli 
Secoceba, SeiZleba ganvixilod rogorc madanSemcavi hidroTermebis momyvani gza, 
xolo misi gamkveTi rRvevebi – rogorc misi gamanawileblebi. rac Seexeba madan-
matarebeli fluidebis keras, aq sakiTxi gacilebiT rTuladaa. Cveni azriT, sake-
nis madniani velis formirebaSi SesaZlebelia monawileobas Rebulobdes: sakenis 
intruzivis iuvenuli fluiduri sistema an granit-migmatituri kompleqsis meteo-
rituli fluiduri sistema, an maTi erToblioba. am madniani velis formirebaSi 
ar aris gamoricxuli ufro axalgazrda madanwarmomqmneli fluidebis monawile-
oba.Mmagram aRniSnuli intruzivis pirdapiri an iribi kavSiri sakenis madniani 
velis formirebasTan aSkaraa. amaze metyvelebs is faqtic, rom madniani minerali-
zaciis yvela gamovlineba intruzivis gaswvriv gaidevneba.  

sakenis madniani velis madniani asociaciebis kvarcis fluiduri sistemis 
kriometriuli meTodiT Seswavlam gviCvena, rom fluiduri sistemis pirvel–ara-
madnian etapze misi Semadgenloba ganisazRvreba maRalmineralizebuli 20-25 mas% 
(ЄNaCl) Ca-Na xsnarebiT, xolo meore – madanwarmomqmvnel etapze fluiduri sitema 
warmodgenilia dabaltemperaturuli 10-15%(ЄNaCl) upiratesad qloriduli xsnare-
biT. madanmatarebeli fluidebis gazuri faza ZiriTadad ganisazRvreba meTaniT 
da azotiT. rogorc eqsperimentaluri monacemebi gviCvenebs, maRal temperaturebze 
oqro ixsneba qloridul xsnarebSi, xolo fluidur sistemaSi CO2 gamoCena mis 
xsnadobas mkveTrad amcirebs, rac xels uwyobs am elementis daleqvas fizikur-
qimiur barierebze (Frank et al., 1999).  
 
miRebuli Sedegebis ganxilva 
 

rogorc cnobilia, postmagmuri hidroTermuli oqro-kvarc-dabalsulfiduri 
gamadnebebi damaxasiaTebelia koliziuri orogenuli sistemebisTvis da gvxvdeba 
msoflios mraval regionSi (Goldfarb at al., 2005). maT Soris unda aRiniSnos dara-
suniskoe  da berezovskoe ruseTSi, mazer-loudi da forte-novo aSS-Si, maunt-mor-
gani avstraliaSi, murun-tau uzbekeTSi, seCi-jirma da lega-dembi eTiopiaSi da 
mravali sxva. yvela es madangamovlineba formirebulia daaxloebiT msgavs geo-
dinamikur, teqtonikur, endogenur da fluiduri reJimis pirobebSi da gaaCniaT 
mravali saerTo niSani. sakenis madniani veli gansakuTrebul msgavsebas avlens 
seCi-jirmas sabadosTan, romelic gaSiSvlebulia md. seCisa da jirmas Soris md. 
cisferi nilosis saTaveebSi. igi formirebulia gabro-diorit-granodiorituli 
intruzivis konvergentuli sazRvris gaswvriv teqtonizirebul da damsxvreul 
hidroTermalurad Secvlil granit-migmatitur qanebSi (Лопухов и др.,2001).    
 
daskvna 
 

amrigad, Catarebuli kvleva gviCvenebs, rom kavkasionis kristalur funda-
mentSi, mantiur-qerquli generaciis zedavarisciuli sakenis diorit-granodiori-
tuli intruzivis da mezozouramdeli granit-migmatituri kompleqsis kontaqtis 
zonaSi formirebulia mniSvnelovani gamadneba, romelic Cvens mier gamoyofili 
iqna rogorc sakenis madniani veli. igi mTlianad kontroldeba alibekis region-
naluri SecocebiT da misi gamkveTi axalgazrda rRvevaTa sistemiT da miekuTvneba 
kvarc-oqro-dabalsulfidur hidroTermul genetur tips. msgavsi gamadnebebi for-
mirebulia koliziuri orogenebis metamorful da ultrametamorful kompleqseb-
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Si da sivrcovbrivad da savaraudod parageneturadac dakavSirebulni arian man-
tiur-qerquli generaciis diorit-granodiorituli plutonebis konvergentul sa-
zRvrebTan.  

Catarebuli samuSaoebis mixedviT Tanamedrove erozia sakenis madniani velis 
ZiriTadad dabaltemperaturul kvarc-oqro-anTimonitian madnian asociaciebs aSi-
Svlebs, ris gamoc, msgavsi kvarc-oqro-dabalsulfiduri madniani sistemebis mona-
cemebis gaTvaliswinebiT, mis qveda horizontebSi, mosalodnelia volfram-oqro-
iani samrewvelo mniSvnelobis sabado. 
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da TurqeTis pontidebSi, ganxilulia ferad, Zvirfas da iSviaT metalTa metalogenia. 
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GgafarToebuli reziume 

 
kavkasiasa da pontidebis regionSi teTisis okeanis Crdilo Stos evoluciam 

fanerozoulSi prekoliziuri geodinamikuri ganviTarebis yvela etapi gaiara – 
okeanuri spredingidan mis daxurvamde. okeanis daxurvis Semdeg regioni agrZelebs 
postkoliziur ganviTarebas. evoluciis prekoliziuri stadia gamoixata okeanur, 
intra-arkul, bek-arkul da kunZulTa rkalur situaciebSi. paleogenSi okeanis da-
xurvis Semdeg, regioni postkoliziuri ganviTarebis stadiaSi gadavida. prekoli-
ziuri da postkoliziuri stadiebis etapebi maTTvis damaxasiaTebel ferad, Zvir-
fas da iSviaT metalTa metalogeniiT da magmatizmiT ganisazRvreba. Tavis mxriv, 
TiToeuli etapisaTvis damaxasiaTebelia sialuri, bazalturi qerqis da mantiis 
sxvadasxva masStabiT da formiT monawileoba da swored es gansazRvravs magma-
tizmisa da metalogeniis xasiaTsa da Taviseburebas geodinamikuri ganvitarebis 
TiToeul etapze. 

prekoliziuri stadiis sawyis-okeanuri spredingis etaps ofiolituri magma-
tizmi, toleit-bazalturi vulkanuri aqtivoba da kviprosis tipis spilenZis saba-
doTa formireba ukavSirdeba. amis magaliTia kiures okeanur kompleqsSi (ponti-
debi) spilenZis sabadoebi - aSikoi da bakibaba. aq sialuri qerqis gavlena madan-
warmoSobaze gamoricxulia, xolo bazalturi qerqisa minimaluri. amdenad, gamad-
nebis procesSi spilenZis wyaro mantiuria. intra-rkalur viTarebas beSis tipis 
Cu-Zn gamadneba ukavSirdeba, rac dasturdeba kavkasionis wina qedis intra-rkalur 
riftTan da bimodalur toleit-rioliTur vulkanur aqtivobasTan dakavSirebul 
xudesis jgufis sabadoTa (xudesi, urupi, beskesi) formirebiT. TuTiis wyaros aq 
bazalturi qerqi warmoadgens, saidanac intra-rkalur viTarebaSi misi neli spre-
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dingis procesSi da subducirebuli bazalturi filidan TuTiis gamotutva xde-
boda, xolo mantiuri diapiridan spilenZisa. 

bek-arkul da kunZulTa rkalur situaciebs toleituri da kir-tute vulka-
nizmi da polimetaluri (Cu-Zn-Pb-Au) gamadneba ukavSirdeba. mcire kavkasiasa da 
pontidebSi kunZulTa rkalur viTarebaSi igi gamoixata porfiruli, Stokverkuli, 
ZarRvuli da vulkanur masiur sulfiduri (VMS) sabadoebis formirebaSi. maT So-
ris aRsaniSnavia madneuli, saydrisi, alaverdi, texuti, kafani, kedabeki (mcire 
kavkasia), murRuli, madenkoi, lahanosi, Ceratepe da giuzelaila (pontidebi). bek-
arkul viTarebas (ganapira zRva) ukavSirdeba filiz-Cais jgufis (filiz-Cai, ki-
zildere, kacdagi da sxva) VMS tipis sabadoebi (kavkasionis samxreTi ferdi). aR-
saniSnavia, rom kunZulTa rkalur da bek-arkul sabadoebSi tyvia mniSvnelovan 
rols TamaSobs, maSin, rodesac misi monawileoba ar dasturdeba okeanur da in-
tra-arkul situaciebSi, sadac sialuri qerqi ar monawileobda gamadnebis proces-
Si. aqedan gamomdinare, tyviis wyaros sialuri qerqi warmoadgens. 

amgvarad, okeanuri da intra-rkaluri viTareba da masTan dakavSirebuli ga-

madneba mantiuri da bazalturi qerqis gavleniTaa gansazRvruli, maSin, rodesac 
kunZulTarkalur da bek-arkul gamadnebas sialuri da bazalturi qerqis da man-

tiuri wyaroebi gansazRvraven. iSviaTi metalebis (Hg, W, Sb) mineralizacia postko-
liziur stadias ukavSirdeba da maTi generacia aq sialur-qerquli wyaroTia 
ganpirobebuli. am tipis gamadneba kavkasiisa da pontidebis okeanur, intra-arkul, 
bek-arkul da kunZulTarkalur situaciebSi ar dgindeba. iSviaT metalTa sabado-
ebi kavkasiaSi naoWa-rRveviT sartylebs ukavSideba da warmodgenilia tirniauzis, 
ktiteberdas, avadxaras, axeis, nocaras, karobos, zofxiTos da luxumis saba-

doebiT. 
molibdenis gamadneba, agreTve, ZiriTadad postkoliziur viTarebas da naoWa-

rRveviT zonebs ukavSirdeba (kajarani, agaraki, karobi, tirniauzi da sxva). misi 
mcire gamadneba cnobilia agreTve, kavkasiisa da pontidebis kunZulTa rkalur 
struqturebSi (giuzelaila, merisi), amave dros, igi ar aris cnobili okeanur, 
intra-arkul da bek-arkul viTarebaSi, unda vifiqroT, rom molibdenis wyaroc 
sialur-qerquli warmoSobisaa. 

rac Seexeba Zvirfas metalebs (Au, Ag), maTi mniSvnelovani gamadnebebi ZiriTa-
dad kunZulTa rkalur da postkoliziur viTarebas ukavSirdeba (madneuli, sayd-
risi, zodi, megraZori, zofxiTo da sxva), maSin, rodesac okeanur,  intra-arkul 
da bek-arkul situaciebSi oqros da vercxlis mniSvnelovani sabadoebi ar aris 
cnobili. maSasadame, mantiis diferencirebisa da qerqis formirebis processSi, 
oqrosa da vercxlis akumulacia ZiriTadad sialur qerqSi mimdinareobda. 

Tetisis okeanis evoluciis postkoliziur stadias ukavSirdeba mTiani 
altais giganturi oqros sabadoebi muruntau, kutmori, Colboi, daugiztau da 
amantaitau. isini altaidebis naoWa-rRveviT zonebSi arian lokalizirebulni. oq-
ros gamadneba aq iSviaT metalebTan W, Sb, Hg da Mo asociaciaSia da altais oro-
genuli sistemis koliziis bolo etaps ukavSirdeba (Yakubchuk et al., 2002). 

postkoliziur da postakreciul viTarebas ukavSirdeba, agreTve, samxreT 
aliaskis da aleutis kunZulebis oqros da iSviaT metalTa (Hg-Sb) gamadneba. ker-
Zod, kuskokvimis sabadoTa jgufi, kunZul ungas da alaska-apolos sabadoebi, ro-

melTa wyaro sialuri qerqia da oqros da iSviaT metalTa gamotutva aq danaleq 
qanTa kompleqsidan xdeboda (Grey etal., 1997). 

arsebuli masalis analizi safuZvels gvaZlevs vivaraudoT, rom spilenZis 
ZiriTadi wyaro mantiuria, TuTiisa - bazalturi qerqi, maSin rodesac tyviisa da 
iSviaTi metalebis (Hg, W, Sb, Mo) wyaros sialuri qerqi warmoadgens, iseve rogorc, 
Zvirfasi metalebis (Au, Ag) ZiriTadi wyaro sialuri qerqia. 

mantia da bazalturi qerqi geodinamikuri procesis yvela stadiaze monawi-
leobs. okenauridan - postkoliziuramde, amdenad, spilenZis da TuTiis gamadneba 
yvelgan dgindeba. amave dros, tyviis da iSviaTi metalebis (Hg, W, Sb, Mo) minera-
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lizacia kunZulTa rkalur etaps da postkoliziur stadias ukavSirdeba, sadac 

sialuri qerqis monawileoba gamadnebis procesSi gansakuTrebით mniSvnelovania. 
         

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: 
1. Cu-Zn Besshi type deposits of Urup group (intra-arc setting) 
2. Pb-Zn vein deposits of Bechasin zone (island arc setting) 
3. Pb-Zn vein deposits of Sadon, Kvaisa, Dzirsha groups (island arc setting) 
4. Cu-Pb-Zn Filiz-Chai type deposits (backarc setting) 
5. Cu-Pb-Zn VMS, porphyry, stockwork and vein type deposits od Somkhith-Carabakh zone (island arc setting) 
6. Cu-Pb-Zn-Au porphyry, stockwork, epithermal and vein type deposits of Artvine-Bolnisi zone (island arc setting) 
7. Cr vein and lens type deposits of Sevan-Akera suture zone (ocean setting) 
8. Cu-Pb-Zn-Au porphyry, stockwork and vein type deposits of Ajara-Trialeti zone (island arc setting) 
 
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. Au lode 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 TiO2 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 
87Sr/86Sr 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/86Sr 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. 
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2008 w. sakvlevi akvatoria moicavda wyalqveSa ferdis nawils gonios koncxidan md. 

natanebis SesarTavis CaTvliT. fskeruli naleqebis nimuSebSi Seswavlilia liTonebis (Fe, 
Mn, Al, Cr, Ni, Cu, Zn, As)  da navTobis naxSirwyalbadebis Semcveloba. dadgenilia wyalqveSa 
ferdze Seswavlili komponentebis Semcvelobisa da gavrcelebis kanonzomierebebi da 
Sedgenilia maTi ganawilebis rukebi.     

 

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.  

 
Содержание и распределение металлов и нефтяных углеводородов в морских донных отложениях 

грузинского сектора Черного моря (по данным 2008 года). В.Г. Гвахария, Н. Мачитадзе, М. Стаматели, 

Н. Гелашвили, Н. Бенашвили, Ц. Хухуния, Л. Хомерики. Министерство просвещения и науки Грузии. 
ЮЛОП Институт геологии им. А. Джанелидзе, Тбилиси 0171, ул. М. Алексидзе 1/9. E-mail geolinst@geolinst.ge 

В 2008 г. исследуемая акватория охватывала часть подводного склона от мыса Гонио до устья р. Ната-
неби. В образцах морских донных отложений исследовано содержание металлов (Fe, Mn, Al, Cr, Ni, Cu, Zn, As) 
и нефтяных углеводородов. Установлены закономерности содержания и распространения исследуемых компо-
нентов на подводном склоне и составлены карты их распределения. 

 
 

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.  

 
sakvlevi regionis mimoxilva 

 
Savi zRvis saqarTvelos sanapiro zonaSi ramodenime landSaftur – geoqimi-

uri formaciaa warmodgenili. samxreTi nawili warmoadgens aWara – TrialeTis 
naoWa sistemis dasavleT daboloebas, konkretulad mesxeTis qedis zRvispira mxa-
res, romelic ZiriTadad agebulia vulkanogenur-danaleqi fuZe qanebiT, fiqlebi-
Ta da tufebiT. sanapiros maxloblad, dabalmTian zonaSi warmodgenilia porfi-
rit – bazaltebze ganviTarebuli wiTelmiwa gamofitvis qerqi, romlis safuZvel-
ze unikaluri niadaguri formaciis saxiT warmodgenilia guria – aWaris wiTelmi-
wa niadagebi. geografiulad igi emTxveva mesxeTis qedis Crdilo-dasavleTi fer-
dis saSualo mTian zonas. wiTelmiwa gamofitvis qerqs axasiaTebs gavrcelebis 
specifiuri absoluturi simaRle 10-20 - dan 400 metramde da moicavs mdinareebis: 
Woroxis, aWariswylis, barcxanas, yoroliswylis, Caqviswylis, Coloqis, kintriSis, 
natanebis, sufsas wyalgamyofebs. am formaciis saerTo sigrZe md. barcxanas Sesar-
Tavidan CrdiloeTiT 40 km-ia. wiTelmiwa gamofitvis qerqi ganviTarebulia sxva-
dasxva tipis qanebze: tufebze, bazaltebze, andezitebze, porfirebze, tufokong-
lomeratebze da qviSaqvebze. sufsa-natanebis wyalgamyofi warmodgenilia Tixa-fiq-
lebiT, mergelebiTa da tbiur-aluviuri naleqebiT, e.w. „zebrasebri„ TixebiT. aq 
gamofitvis qerqs maqsimalur simZlavresTan erTad gamofitvis maqsimaluri xaris-
xi axasiaTebs (sabaSvili, 1965, Зырин и др., 1979). regionisaTvis damaxasiTebeli Tbi-
li da notio havis gamo danaleqi da vulkanogenuri qanebi ganicdian Zlier qimi-
ur gamofitvas, ris Sedegad warmoqmnili didi simZlavris (20 - 30 m) fxvieri 
narinjisferi qerqi wiTelmiwa niadagebis ganviTarebis safuZvelia. aRniSnuli 
teritoria ganekuTvneba kolxeTis dablobis mTiswineTis landSaftur raions 
(saqarTvelos geografia, 2000).  

aRniSnul formacias CrdiloeTidan, sanapiros gayolebiT, esazRvreba kolxe-
Tis dablobis depresiis zona, romelic TiTqmis mTlianad md. rionis aluvioniT 
aris formirebuli. sanapiro zona xasiaTdeba dabali hifsometriiT da reliefis 
rbili moxazulobiT. reliefis damaxasiaTebeli elementia zRviuri napirgaswvrivi 
zvinulebi, romlebic aferxeben mdinareebis dinebas da Waobebis Camoyalibebis mi-
zezs warmoadgenen, aseve ganapirobeben zogierTi mdinaris kalapotis napirgaswv-
riv mimarTulebas. (Геоморфология Грузии, 1971). kolxeTis dablobidan dinareebis mi-
er transportirebul terigenul masalaSi warmodgenilia kavkasionis samxreTi 
ferdisa da Zirulis masivis amgebi vulkanogenuri, danaleqi da metamorfuli qane-
bis gamofitvis produqtebi. kolxeTis dablobis sanapiro zona warmoadgens Warb-
tenian teritorias, sadac ganviTarebulia torfis nafenebi, romelTa simZlavre 6m 
aRwevs. es aris unikaluri bunebrivi landSafturi raioni, gamorCeuli Tavisi 
floriTa da fauniT. am teritoriis nawili kolxeTis erovnul parks uWiravs. 
kolxeTis dablobidan md. rionis garda zRvaSi Semodis mdinareebi xobi da civi 
da ramodenime mcire mdinare. teritoria mTlianad ganekuTvneba kolxeTis 
dablobis notio subtropikul landSaftur raions maRali naleqianobiT da tem-
peraturiT - regionis mravalwliani saSualo temperatura Seadgens +100C, rac de-
nudaciis maRal xarisxs ganapirobebs (saqarTvelos geografia, 2000).  

wyalqveSa ferdis fskeruli naleqebis formireba mimdinareobs zemoT CamoTv-
lili landSafturi zonebidan zRvaSi Semavali mdinareebis mier SesarTavebSi 
gamoziduli myari natanis safuZvelze. myari natanis mTliani moculobis erTi 
nawili, akompensirebs ra napiris cveTiT gamowveuli terigenuli masalis defi-
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cits, xmardeba wyalqveSa ferdis formirebas, meore nawili ki STainTqmeba wyal-
qveSa kanionebis mier. rogorc cnobilia, saqarTvelos sanapiroebis gaswvriv 
wyalqveSa kanionTa sistema warmoqmnilia ukanaskneli gamyinvarebis periodSi arse-
buli paleomdinareTa xeobebis adgilas. Selfis zonaSi gamoiyofa kargad ganvi-
Tarebuli wyalqveSa kanionTa sistemebi (Woroxis, yoroliswylis, aCyvas, kintri-
Sis, sufsis, da foTis). isini warmoadgendnen mdinareebis paleoxeobebs zRvis 
dabali donis epoqaSi-axalevqsinuri transgresis dros (Твалчрелидзе, 1984, Твалчре-
лидзе, 1998, Твалчрелидзе и др., 2002). wyalqveSa kanionebis arsebobis gaTvaliswinebas 
didi mniSvneloba aqvs napirgaswvrivi fskeruli natanis zRvis garemoSi transpor-
tirebis Seswavlisas, radganac isini warmoadgenen seriozul morfologiur bari-
ers siRrmisaken moZravi naleqebisaTvis. maT mier weliwadSi aTeul da aseul 
milionobiT tona terigenuli plaJwarmomqmneli masala STainTqmeba, romelic 
veRar Rebulobs monawileobas zRvis napirebis formirebaSi (Емельянов, 1982). 

wyalqveSa ferdze moqmedebs naleqgadaadgilebis specifiuri meqanizmi, gamo-
iyofa ramodenime dinamiuri zona da qvezona, romlebic ganapirobeben zRvaSi 
Setanili myari masalis sivrcul ganawilebas napiris gaswvriv. ori ZiriTadi 
faqtori: mdinareebis myari natanis qimiuri Semadgenloba da wyalqveSa ferdis 
liTodinamiuri Taviseburebebi ganapirobeben fskerul naleqebSi ama Tu im 
komponentis ganawilebas sivrcesa da droSi.  
 
kvlevis meTodologia 

 
zRvis akvatoriaSi savele-saeqspedicio samuSaoebis Casatareblad baTumisa 

da foTis navsadgurebSi SeirCa gemebi, romlebic aRWurvili iyo  eqolotiT da 
koordinatebis ganmsazRvreli mowyobilobiT GPS–iT, hqonda sakmaod farTo gem-
bani, sadac SesaZlebeli iyo eqspediciis 4-5 monawilis ganTavseba da samuSaoebis 
Catareba. gemidan mimdinareobda wylisa da fskeruli naleqebis nimuSebis aReba, 
gembanze tardeboda wylis hidroqimiuri parametrebis (temperaturis, pH-is, gaxsni-
li Jangbadis Semcvelobisa da marilianobis) gansazRvra, aRebuli nimuSebis Se-
fuTva da markireba.  

zRvaze samuSaoebis Casatareblad Sesaferisi meteorologiuri pirobebis da-
dgomisTanave xdeboda marSrutebze gasvla. fskeruli natanis nimuSebis asaRebad 
gamoiyeneboda fskersaxapi. amoRebuli nimuSebi Tavsdeboda qsovilis parkebSi 
qimiuri da granulometriuli analizisaTvis, da polieTilenis hermetul WurWel-
Si - navTobis jamuri naxSirwyalbadebis (TPH) gansazRvrisaTvis. adgilzeve xdebo-
da aRebuli sinjebis etiketireba da SefuTva. gazomvebis Sedegebi, wertilebis ko-
ordinatebi, TariRi, saaTi, siRrmeebi da yvela saWiro informacia fiqsirdeboda 
savele JurnalebSi.        

laboratoriaSi mitanis Semdeg mimdinareobda myari sinjebis gaSroba oTaxis 
temperaturaze, drodadro morevis pirobebSi. haermSrali sinjebi inaxeba poli-
eTilenis parkebSi an erTjerad konteinerebSi, etiketirebisa da markirebis dac-
viT. organuli dambinZureblebis analizisaTvis aRebuli nimuSebis gaSroba xdebo-
da imave WurWelSi, romliTac isini iyo aRebuli.  

fskeruli naleqebis nimuSebis momzadeba analizisaTvis, daSla da maTSi li-
Tonebis (Zn, Cd, Pb, Fe, Mn, Cr, Cu) atomur – absorbciuli speqtrofotometruli 
meTodiT gansazRvra Catarda monakos zRvis kvlevebis laboratoriis standar-
tuli meTodis Sesabamisad (Manual ..., 1995). alumini ganisazRvreba titrimetruli 
meTodiT, silikaturi obieqtebis analizis meTodikis mixedviT (Методы анализа..., 
1957). dariSxanis gansazRvrisaTvis mowodebuli meTodikebis gacnobis Semdeg 
SeirCa nimuSis xsnarSi gadayvanis mSrali danacrebis meTodi (Ковальский и др. 1959). 
reaqcia mimdinareobs kieldalis kolbaSi koncentrirebuli azotmJavas da go-
girdmJavas Tanaobisas. miRebuli xsnaris aliqvotur nawilSi jamuri dariSxanis 
Semcveloba ganisazRvreba gadadeniT. distilatSi As ganisazRvreba fotokolori-
metriuli meTodiT amoniumis molibdatis gamoyenebiT, dariSxan–molibdenovani 
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lurjis Seferilobis intensivobis mixedviT (ISO 6595-82; GOST 4152-89; ГОСТ 23268-14). 
fskeruli naleqebis nimuSebis damuSavebisa da masSi navTobis jamuri naxSirwyal-
badebis (TPH) gansazRvrisaTvis Cvens mier danergilia air-Txevadi qromatografi-
uli meTodi (TNRCC method 1006, 2000; US EPA Method 418.1), aseve gamoyenebiulia Cvens 
mier damuSavebuli meTodikebi (Gvakharia and all., 2004, Гелашвили и др., 2004).  

meTodis Tanaxmad sakvlevi nimuSebidan navTobis jamuri naxSirwyalbadebis 
eqstragireba xdeba winaswar gasufTavebuli heqsaniT, Semdgom xdeba eqstraqtis 
damuSaveba, dakoncentrireba  da qromatografiuli analizi. analizis meTodebi 
araerTgzis Semowmebulia standartul nimuSebze. 

miRebuli Sedegebis maTematikuri statistikuri damuSaveba saSualebas iZleva 
ganisazRvros ama Tu im elementis variaciis zRvrebi, saSualo da eqstremaluri 
maCveneblebi, Catardes statistikuri analizi. wyvilTa korelaciebis meTodi saSu-
alebas iZleva dadgindes elementebs Soris urTierTdamokidebulebis xasiaTi. 
korelaciis mniSvnelobis Sefaseba xdeba kritikuli zRvris mixedviT, damokide-
bulia monacemTa masivis sidideze. kritikul zRvarze dabali mniSvneloba miuTi-
Tebs, rom elementebs Soris kavSiri umniSvneloa (Руководство по ... 1965).  

zRvis wylis hidroqimiuri parametrebisa da fskerul naleqebSi liTonebis 
analizis Sedegebis mixedviT aigo Seswavlil sazRvao akvatoriaSi komponentebis 
ganawilebis rukebi kompiuteruli programis SERFER–is gamoyenebiT. aRniSnuli 
programa izoxazebis agebis da eqstrapolaciebis gamoTvlis saSualebas iZleva.   
 
miRebuli Sedegebi 

 
zRvaSi Semavali mdinareebis fskeruli natanis qimiuri Semadgenloba zRvis 

fskeruli naleqebis Semadgenlobis ganmsazRvreli erTerTi ZiriTadi faqtoria. 
Cvens mier Seswavlil regionSi specifiuri komponentebis arsebobiT gamoirCeva 
rioni da Woroxi. md. rionis fskerul naleqebze zegavlenas axdens manganumis 
madnis komponentebi, romelTa wyaroa md. yvirilas kalapotSi arsebuli manganumis 
sabadoebi da WiaTuris manganumis madnis gamamdidrebeli kombinati. es faqti kar-
gad aris cnobili da aRwerili samecniero literaturaSi. Cveni kvlevebis Sede-
gebis mixedviT md. rionis fskerul naleqebs faqtiurad stabiluri qimiuri Sed-
geniloba axasiaTebs (cxrili 1). manganumis Semcveloba 0.2%-s aRwevs (cxrili 1).  

 
 
 

cxrili 1 
liTonebis Semcveloba md. rionis fskerul naleqebSi 

 

TariRi Ni 
mg/kg 

Cu 
mg/kg 

Zn 
mg/kg 

As 
mg/kg 

Cr 
mg/kg Fe, % Mn, % Al, % 

1993.08 - 30 90 - 60 3.80 0.190 - 
2008.09 35 30 75 10.8 108.5 3.45 0.185 2.53 
2009.06 65 40 105 13.0 - 3.80 0.150 6.35 

 
 
 
md. Woroxis fskeruli natanic aseve specifiuri SedgenilobiT xasiaTdeba. mis 
wyalSemkreb auzSi, TurqeTis teritoriaze, mdebareobs murRulis spilenZ-kolCe-
danuri  sabado, romlis bazaze funqcionirebs spilenZis koncentratisa da oqros 
mompovebeli sawarmo. rogorc cnobilia, mas ar gaaCnia e.w. kudsacavebi, da madnis 
gamdidrebis procesSi warmoqmnili narCenebi pirdapir md. WoroxSi iyreba. amis ga-
mo md. Woroxis fskerul naleqebSi didi raodenobiT aris warmodgenili sulfi-
duri mineralebi, da Sesabamisad masTan dakavSirebuli sulfiduri jgufis ele-
mentebi Cu, Zn da As (cxrili 2).   
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cxrili 2 

liTonebis Semcveloba md. Woroxis fskerul naleqebSi, mg/kg. 

TariRi Ni 
mg/kg 

Cu 
mg/kg 

Zn 
mg/kg 

As 
mg/kg Fe, % Mn, 

% Al, % 

1996.09 45 170 300 - 4.2 0.070 - 
2006.10 40 180 290 - 4.0 0.065 - 
2008.09 50 150 385 10.6 6.4 0.100 7.46 
2009.06 40 155 340 11.6 4.15 0.065 4.95 

 
 

 Cvens mier Catarebuli kvlevebi adasturebs, rom Sedgenilobis aRniSnuli 
specifika kargad aisaxeba zRvis fskerul naleqebze. 

rkina 
rkina landSaftis erTerTi ZiriTadi elementia. zRvis fskerul naleqebSi 

misi Semcveloba mTlianad ganpirobebulia mdinareebis myari natanis liTologi-
ur-geoqimiuri TaviseburebebiT. misi Semcveloba 3.5-dan 9.65%-is farglebSi merye-
obs (cxrili 3). rkinis ganawilebis rukaze (sur. 1) Cans, rom md. Woroxis Sesar-
Tavis mimdebare akvatoriaSi, md. barcxanas SesarTavamde, rkinis Semcveloba 3-5%-
is farglebSia. uSualod md. barcxanas SesarTavis win, navsadguris akvatoriaSi, 
Fe Semcveloba 8%-mde matulobs. napiridan dacilebisas SenarCunebulia maRali 
Semcveloba. md. barcxanas fskerul natanSi Fe Semcveloba 7.2%-ia, ase, rom wyal-
qveSa ferdis am monakveTze rkinis Semcvelobas md. barcxanis natani ganapirobebs. 
md. barcxanas anTropogenuli datvirTvis gaTvaliswinebiT, aq saqme gvaqvs didi 
raodenobiT myar narCenebTan, romelTa Soris aRiniSneba liTonis narCenebi. 
rogorc xmeleTze, aseve zRvis garemoSi maTi daJangvis Sedegad warmoqmnili 
naerTebi fskerul naleqebs ereva.    

rkinis SedarebiT maRali koncentracia aRiniSneba md. Caqviswylis Sesar-
Tavidan samxreT da CrdiloeT mimarTulebiT, napirTan axlos. wyalqveSa ferdis 
es monakveTi wiTelmiwa gamofitvis qerqis myari nataniT aris formirebuli da 
masSi rkinis 9%-mde Semcveloba am faqtoriT aixsneba. rogorc cnobilia, aWarisa 

da guriis wiTelmiwa niadagebSi Fe Semcveloba 10-11%-s aRwevs (sabaSvili, 1965). 
 

cxrili 3 
liTonebis saSualo da eqstremaluri Semcveloba baTumi-natanebis  

akvatoriis zRvis fskerul naleqebSi. 2008 w. 
 
 

 
manganumi 
Seswavlil akvatoriaSi zRvis fskerul naleqebSi manganumis Semcveloba 

viwro zRvrebSi icvleba (0.06-0.135%, cxrili 3). Mmis ganawilebas wyalqveSa ferdze 
kanonzomieri xasiaTi aqvs: samxreTidan CrdiloeTisaken misi Semcveloba mcired 

matulobs. 0.1%-ze metia Caqviswyali – kintriSis SesarTavebs Soris, mcire siRrme-

ebze, da aseve kintriSi – natanebis SesarTavebs Soris, SedarebiT did siRrmeze 

(sur. 2). Mn dagroveba did siRrmeze ori faqtoriT SeiZleba aixsnas: naleqebis 
pelituri fraqciebis gravitaciuli separaciiT da siRrmeSi zRvis dinebebis 
saSualebiT gazidviT, an CrdiloeTidan, kolxeTis dablobis mimdebare wyalqveSa 

ferdidan dinebebis mier misi gadmotaniT, sadac Mn Semcveloba md. rionis nata-
nis gavleniT SedarebiT momatebulia (Мачитадзе и др,. 2000).  

 Ni 
mg/kg 

Cu 
mg/kg 

Zn 
mg/kg 

Cr 
mg/kg 

As 
mg/kg  Fe, % Mn, % Al, % 

saSualo 70.8 79.5 94.7 130.1 11.8 5.7 0.10 5.6 
min 45 30 56 49 5.2 3.5 0.06 3.04 
maqs. 100 305 215.5 245 37.2 9.65 0.135 7.55 
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qromi 
qromis Semcveloba Seswavlili akvatoriis fskerul naleqebSi 56-dan 215 

mg/kg-mde icvleba, saSualod 94.7 mg/kg-s Seadgens (cxrili 3).  wyalqveSa ferdze 
misi ganawilebis xasiaTi rkinis ganawilebis analogiuria (sur. 3), da SeiZleba 
davaskvnaT, rom aWara-guriis mimdebare zRvis fskerul naleqebSi maT warmoSobis 
erTi wyaro aqvT, rac dakavSirebulia wiTelmiwa gamofitvis qerqTan da misi 
gamofitvis produqtebSi rkiniTa da rkinis jgufis elementebiT mdidari muqi 
mineralebis arsebobasTan.     

nikeli 
nikelis ganawilebis suraTidan (sur.4) Cans, rom kintriSis SesarTavidan samx-

reTiT aRiniSneba SedarebiT dabali Semcveloba (80 mg/kg-mde), xolo misgan Crdi-
loeTiT koncentracia matulobs (100 mg/kg da meti). wyalqveSa ferdis am ubanze 
kolxeTis dablobis mimdebare wyalqveSa ferdidan xdeba fskeruli naleqebis 
gadmotana. Cveni monacemebis mixedviT, kolxeTis dablobis niadagur formaciebs, 
aseve terigenul masalas axasiaTebs nikelis SedarebiT maRali Semcveloba, amiT 
aixsneba nikelis SedarebiT momatebuli Semcveloba sakvlev akvatoriaSi (45-100, 
saSualod 70.8 mg/kg, cxrili 3). 

alumini 
aluminis ganawilebas rTuli suraTi aqvs. Al2O3 yvela tipis qanis ZiriTadi 

Semadgeneli elementia. aluminisaTvis damaxasiaTebelia amfoteruloba, naerTTa 
formebis cvla. misi Semcveloba Seswavlili akvatoriis ukidures samxreT da uki-
dures CrdiloeT nawilebSi SedarebiT metia (sur. 5). kolxeTis dablobis mimde-
bare wyalqveSa ferdze Al dagroveba aixsneba eweri niadagebis gamofitvis pro-
duqtebiT, romlebic md. rionis mier transportirdeba. eweri niadagebisaTvis dama-
xasiaTebelia Al2O3 momatebuli Semcveloba, sxva tipis niadagebTan SedarebiT. gar-
da amisa, Waobebis ekosistemaSi wylis SedarebiT dabali pH ganapirobebs alumi-
nis xsnadi naerTebis warmoqmnas, romlebic zRvaSi Setanis Semdeg, SedarebiT tu-
te garemoSi hidrolizdeba da fskerze ileqeba. maRali dispersulobisa da kolo-
idebis warmoqmnisadmi midrekilebis gamo Al ZiriTadad akumulirdeba zRvis did 
siRrmeebze, sadac misi Semcveloba 7% aWarbebs. Savi zRvis Selfis kvlevis Sede-
gebi (Гвахария и др., 2006) mowmobs, rom Al maqsimaluri Semcveloba 7-8% aRwevs md.md. 
rionisa da xobis SesarTavebs Soris akvatoriaSi did siRrmeebze (40m da meti).  

spilenZi da TuTia 
Cvens mier Catarebuli kvlevebis mixedviT Cans, rom md. Woroxis mier zRvaSi 

Setanili terigenuli masalis gavleniT sulfiduri jgufis elementebis spilen-
Zisa da TuTiis mniSvnelovani akumulaciuri ubani yalibdeba md. Woroxis SesarT-
aviswina fskerul naleqebSi, dabal siRrmeebze, sadac adgili aqvs terigenuli ma-
salis mZime fraqciebis Tavmoyras. am ubanSi  spilenZis Semcveloba 300 – 400 mg/kg 
aRwevda (Гвахария, Мачитадзе, 2002 Гвахария и др,. 2006). 2008 wlis monacemebiT es akumu-
laciuri ubani ar dafiqsirda, Tumca kargad gamoikveTa akumulaciis ubani Seda-
rebiT CrdiloeTiT, napiris gayolebiT, baTumis koncxis samxreT kideze, sadac Cu 
da Zn koncentracia 300 mg/kg aRwevs (sur. 6, 7). am fenomenis asaxsnelad savaraudoa 
is faqti, rom gasul wlebSi md. Woroxis SesarTaviswina zRvis fskerul naleqeb-
Si akumulirebuli spilenZiTa da TuTiiT gamdidrebuli terigenuli masala na-
pirgaswvrivi dinebebis gavleniT CrdiloeTiT, koncxisken gadaadgilda da misi 
adgili daikava md Woroxis axalma, sulfiduri mineralebiT SedarebiT Raribma 
terigenulma masalam. amave dros SesaZloa, rom ukanasknel periodSi md. Woroxis 
daregulirebis gavleniT md. Woroxis kalapotSi terigenuli masalis daxaris-
xebis xasiaTi Seicvala da terigenuli masalaSi SedarebiT wvrilmarcvlovani 
fraqciebis wilma imata, amasTanave, rogorc Cans, cvlilebebs arakanonzomieri 
xasiaTi aqvs. amis Tqmis uflebas gvaZlevs 2006, 2008 da 2009 wlebSi Sesrulebuli 
md. Woroxis fskeruli natanis granulometriuli analizis Sedegebi (cxrili 4), 
saidanac Cans, rom 2008 da 2009 wlebSi 2006 welTan SedarebiT daklebulia 1-05 da 
0.5-0.2 mm-s zomebis mqone fraqciebis Semcveloba da momatebulia 0.1-0.05 mm da 
<0.05mm fraqciebis Semcveloba (В.Г. Гвахария, Н.О.Мачитадзе , 2008).  
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cxrili 4 
 

md. Woroxis fskeruli naleqebis granulometriuli analizis Sedegebi 
 
md. Woroxi 2-1 mm 1-0.5 mm 0.5-0.2 mm 0.2-0.1 mm 0.1-0.05 mm < 0.05 mm 
2006 4.69 27.59 67.17 3.49 1.48 0.26 
2008  18.31 19.55 39.43 9.05 12.21 1.45 
2009 8.33 11.90 65.82 6.45 5.34 2.15 
 
 
unda aRiniSnos, rom saboloo daskvnis gamosatanad Catarebuli kvlevebi 

sakmarisi ar aris, aucilebelia regularuli gamokvlevebis Catareba.   
1993 da 2000 wlis gamokvlevebis Sedegebidan kargad Canda Cu-Zn meore akumu-

laciuri ubani md. barcxanas SesarTavis win, baTumis yuris naleqebSi, magram aku-
mulaciis es ubani ganlagebuli iyo yuris SigniT (Гвахария, Мачитадзе, 2002 Гвахария и 
др,. 2006), amjerad ki ganawilebis axal rukaze kargad Cans, rom akumulacia aRi-
niSneba koncxis wverTan, samxreT ferdze, iq, sadac faqtiurad adgili aqvs myari 
natanis Sekavebas. wyalqveSa ferdis am monakveTze miRebuli Cu-Zn ganawilebis axa-
li kanonzomiereba Seswavlas moiTxovs. momavalSi sinjebis aRebis ufro detalu-
ri bade spilenZisa da TuTiis ganawilebis dazustebuli rukis Sedgenis saSuale-
bas mogvcems.  
Seswavlili akvatoriis danarCen nawilSi spilenZisa da TuTiis Semcveloba fo-
nur koncentracias utoldeba. gamonaklisia kintriSi – natanebis SesarTavebs So-
ris akvatoriis did siRrmeebze spilenZis 100 – 120 da TuTiis 110 – 130 mg/kg-mde 
momatebuli Semcveloba. rac Seexeba did siRrmeebze maT gadatanas, aq adgili 
aqvs hidroqimiur procesebs: sulfidebi zRvis garemoSi advilad iJangeba, gaTavi-
suflebuli elementebis koloiduri naerTebi pelituri fraqciebis mier STainT-
qmeba da maTTan erTad migrirebs zRvis siRrmisaken, sadac adgili aqvs nawilake-
bis gamsxvilebas da maT fskerze dawdomas. amasTan erTad daJangvamde sulfiduri 
mineralebis wvrilmarcvlovani fraqciebi aseve gravitaciuli separaciis meqaniz-
mis gavleniT siRrmisaken inacvleben. aRwerili meqanizmebis gavleniT liTonTa 
erT jgufs, rogoricaa Cu, Zn, Cd, Pb, axasiaTebs siRrmiseuli maqsimumebi, anu zRve-
bisa da okeaneebis didi siRrmisaken migraciis unari.  

dariSxani 
Seswavlili akvatoriis fskerul naleqebSi dariSxanis Semcvelobis diapazo-

ni sakmaod farToa – 5.2-dan 37.2 mg/kg-mde (cxrili 3). maqsimaluri Semcveloba, 
spilenZisa da TuTiis msgavsad, aRiniSna baTumis koncxTan – 29-34 mg/kg (sur. 8) da 
sulfidur mineralebs ukavSirdeba. dariSxani, TuTiasa da spilenZTan erTad, 
sulfiduri madnebis mineralogiur kompleqsebSi  qalkopiritis, sfaleritis, ga-
lenitis, arsenopiritis formiT, naleqebis mZime fraqciebSia Tavmoyrili da mcire 
siRrmeebzea akumulirebuli. amitom sulfiduri mineralebis gavrcelebis arealSi 
samive elementis ganawileba zustad analogiuria. qimiur TvisebebSi didi sxvao-
bis miuxedavad, dariSxani am pirobebSi spilenZisa da TuTiis analogiur geoqimi-
ur da migraciul Tvisebebs amJRavnebs, anu qalkofilur elementad gvevlineba.  

baTumis koncxidan orive mimarTulebiT dariSxanis Semcveloba klebulobs. 
fonur Semcvelobad SeiZleba CaiTvalos 4–9 mg/kg, romelic aRiniSneba Caqvisway-
li – kintriSis SesarTavebs Soris akvatoriaSi, sadac samxreTidan gadmotanili 
fskeruli naleqebis gavlena ar aRiniSneba.  

Seswavlil liTonebs Soris urTierTdamokidebulebis kanonzomierebebis ga-
mosavlenad CavatareT korelaciuri analizi. liTonebis Semcvelobis monacemebis 
safuZvelze avageT korelaciuri matrica (cxrili 5). korelaciis kritikuli 
zRvari am SemTxvevaSi Seadgens 0.35-s, masze dabali maCvenebeli umniSvnelo kore-
lacias niSnavs da masze dabali korelaciis koeficientebi cxrilSi ar aris Se-
tanili. 
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sur. 1. rkinis Semcveloba zRvis fskerul naleqebSi 
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sur.2. manganumis Semcveloba zRvis fskerul naleqebSi 
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sur.3. qromis Semcveloba zRvis fskerul naleqebSi 
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    sur.4. spilenZis Semcveloba zRvis fskerul naleqebSi    
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sur.5. TuTiis Semcveloba zRvis fskerul naleqebSi 
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sur.6. dariSxanis Semcveloba zRvis fskerul naleqebSi 



102 
 

   sur.7. nikelis Semcveloba zRvis fskerul naleqebSi 
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sur.8. aluminis Semcveloba zRvis fskerul naleqebSi 
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sur.9. navTobis naxSirwyalbadebis Semcveloba zRvis fskerul naleqebSi 



105 
 

cxrili 5 
 

korelaciuri matrica (n=31, Kk=0.35) 
 
 

 
Kk - korelaciis kritikuli zRvari 

 
 

monacemebis mixedviT Cans, rom rogorc mosalodneli iyo, sam elements Cu-
Zn-As axasiaTebs korelaciis maRali xarisxi. es elementebi, rogorc aRvniSneT, 
faqtiurad erTi geoqimiuri kompleqsis elementebia, romelTa wyaro, rogorc ze-
moT aRvniSneT, geoTermuli sabadoebidan md. WoroxSi moxvedrili myari masalaa.  

korelaciis aseve maRali xarisxi axasiaTebs elementebis meore jgufs Mn-Ni-
Fe-Cr, romlebic siderofilur elementebs, anu rkinis jgufs ganekuTvnebian da 
aWara-TraileTis vulkanogenur fuZe qanebTan, wiTelmiwa gamofitvis qerqTan da 
niadagebTan arian dakavSirebuli.  

unda aRiniSnos, rom korelaciis aseve maRal xarisxs avlenen Fe-Zn, maSin ro-
desac Fe-Cu korelacia umniSvneloa, xolo Cu-Zn korelacia Zalian maRali.  es 
faqti Cveni adrindeli gamokvlevebiTac dasturdeba da miuTiTebs imaze, rom akva-
toriis Seswavlili monakveTis fskerul naleqebSi, da aqedan gamomdinare, sakvle-
vi regionis amgeb geologiur formaciebSi, TuTia avlens rogorc qalkofilur, 
aseve siderofilur Tvisebebs. 

        
navTobis jamuri naxSirwyalbadebi 

 
Seswavlili akvatoriis fskerul naleqebSi navTobis jamuri naxSirwyalbade-

bis Semcveloba ZiriTadad meTodis gansazRvris zRvarze 1.5 mg/kg-ze naklebia. mci-
re Semcveloba (2.5 mg/kg) aRiniSna mxolod sam wertilSi, 25-35 m siRrmis zonaSi. 
miRebuli monacemebis safuZvelze geoinformaciuli sistemebis gamoyenebiT Sedge-
nilia fskerul naleqebSi navTobis naxSirwyalbadebis ganawilebis interpola-
ciuri ruka, rac saSualebas iZleva Savi zRvis navTobiT dabinZurebis SemTxvevaSi 
dadgindes maTi gavrcelebis mimarTuleba, ganawileba da akumulacia (sur. 9).  
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ganxilulia vulkanuri reliefis formirebis droSi erTmaneTTan Tanmimdevrulad 
monacvle reliefwarmomSobi etapebi. endogenuri faqtorebidan ganmsazRvrel reliefwar-
momSob faqtorebad iTvleba vulkanizmi (ZiriTadad) da teqtonika, xolo ekzogenuri 
faqtorebidan – wylis erozia da denudaciuri procesebi. 

 

 Main stages of forming of the contemporary relief of Javakheti highland. B.Tutberidze, M.Akhalkatsishvili, 
Tbilisi state University, Universitety st. 13, 0186, Georgia, E-mail: bejan.tutberidze@tsu.ge 

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. 
 

Основные этапы формирования современного рельефа Джавахетского Нагорья. Б.Тутберидзе, 
М.Ахалкацишвили. Тбилисский государственный университет им.И.Джавахишвили, ул. Университетская 13, 
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а зкзогенними факторами - водная эрозия, выветривание и денудационные процессы.  
 

 

               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. 
 

 
javaxeTis zegnis reliefis Tanamedrove saxiT formireba gviankainozourSi 

moxda –drois sakmaod did intervalSi–gvianmiocenidan dawyebuli gvianpleisto-
cenis CaTvliT. javaxeTis zegnis teritoria SedarebiT mSvidi reliefiT xasiaT-
deba, romelic lavur nakadebSi Rrmad CaWrili vertikaluri kldovan-qarafovani 
kanioniseburi xeobebiTa da masze aRmarTuli vulkanuri nagebobebiT irRveva. jav-
axeTis zegnis reliefisaTvis damaxasiaTebelia sarTulisebri agebuleba: zeda–vu-
lkanuri konusebi, qveda–akumulaciuri mosworebuli zedapirebi. javaxeTis zega-
nis reliefi es aris vulkanuri qedebis (javaxeTis, samsaris, murayvanis, nial-
asyuris), vulkano–teqtonikuri depresiebisa (faravnis, tabawyuris, xanCalis, ma-
datapis da sxv.) da plato–bazaltebis (axalqalaqis, walkis, gomareTisa, dmanisis) 
morfostruqturebis sistemaTa erTianoba. 

javaxeTis zegnis reliefis formireba aris ori sawinaaRmdego qmedebis 
reliefwarmomSobi – endogenuri (konsrtuqciuli) da ekzogenuri (destruqciuli) 
Zalebis urTierTmoqmedebis Sedegi. konstruqciuli reliefwarmomSobi faqtore-
bia: vulkanizmi (ZiriTadad) da teqtonika. xolo destruqciuli: eroziul–denuda-
ciuri procesebi, gravitaciuli movlenebi, seismoteqtonikuri Camonazvavebi da 
naklebad myinvarebi.  

sakvlevi regionis reliefis tipebidan gabatonebuli mdgomareoba akumula-
ciur vulkanur formebs – lavur nakadebs, ganfenebs da konusebs ekuTvniT. amofr-
qvevis tipisa da amofrqveuli masalis qimiuri Sedgenilobis faqtorebis gaTva-
liswinebiT javaxeTis zegnis reliefis vulkanur formebs Soris SeiZleba gamo-
iyos ori mTavari geneturi jgufi. centraluri tipis amofrqvevebiT Seqmnili re-
liefis formebi da napralur – arealuri tipis amofrqvevebiT Seqmnili reliefis 
formebi. javaxeTis zeganze vulkanuri moqmedebebi mimdinareobs efuzivebis, eqs-
plozivebis (gazur–afeTqebiTi) tipis amofrqvevebiT da eqstruzivebis (TaRebi) 
formirebiT. maTgan mTavari reliefwarmomSobi roli efuzivebs da eqsplozivebs 
ekuTvniT.   

javaxeTis zegnis vulkanuri reliefis formirebis istorias erTmaneTTan 
droSi Tanmimdevrulad monacvle reliefwarmomSobi etapebi qmnian: gvianmiocenur–
adrepliocenuri, gvianpliocenur-adrepleistocenuri da gvianpleistocenuri. Tvi-
Toeuli maTgani – teqtonikur moZraobebis, vulkanizmis ganviTarebis da ekzo-
genuri reliefwarmomSobi procesebis individualobiT xasiaTdeba.  

gvianmiocenur–adrepliocenuri etapi. javaxeTis zegnis Tanamedrove reli-
efis formireba gvianmiocenur–adrepliocenurSi iwyeba. gvianmiocenisa da pli-
ocenis sazRvarze gamovlinebulma atikurma orofazisma, romelsac ukavSirdeba 
mZlavri mTaTawarmomSobi moZraobebi da Zlieri vulkanizmi, praqtikulad  ganapi-
roba ara mxolod sakvlevi regionis, aramed mTeli kavkasiiis relifis Taname-
drove iersaxiT Camoyalibeba. javaxeTis zeganze am drois vulkanuri reliefis 
SesaniSnavi nimuSia zegnis morfostruqturis centralur nawilSi submeridi-
onaluri mimarTulebiT gaWimuli samsaris qedi (sigrZe 40 km. sigane 28 km., maqsi-
maluri simaRlea 3305m). qedis warmoSobilia xazobrivad ganlagebuli vulkanuri 
centrebis SeerTebiT, romelTa udidesi nawili koncentrirebulia mis Txemur naw-
lSi gamaval submeridionaluri mimarTulebis rRvevis xazis gaswvriv; vulkanuri 
aparatebis didi umravlesoba submeridionaluri da subganeduri mimarTulebis 
rRvevebis gadakveTis kvanZebSia ganviTarebuli. isini SeerTebiT Txemebs, xSirad 
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ki talRebriv da belturi mikroreliefis formebs qmnian. gansakuTrebiT rTulia 
samsaris qedis wyalgamyofi nawilis reliefi. is gamoirCeva konusuri formis 
vulkanuri centrebis mravalricxovnebiT, cicabo kldovani ferdobebiT da  gamo-
fituli masalis siuxviT. qedis mikroreliefis damaxasiaTebeli formebia: lavuri, 
widis, lavur–widis, eqstruziuli konusebi da Txemuri nawilidan sxvadasxva 
mimarTulebiT gamdinare mZlavri lavuri nakadebi. qedis farglebSi TiTqmis mTl-
ianad adgili aqvs centraluri tipis amofrqvevebs, romlebsac emsaxurebian stra-
tovulkanebi, monogenuri (lavuri, lavur–piroklasturi da piroklasturi) da 
eqstruziuli centrebi.  

stratovulkanebi (poligenuri) konusis formis nagebobebia, romlebic  agebu-
li arian andezituri da dacituri Sedgenilobis lavebisa da piroklastebis mra-
valjeradi amofrqvevebis produqtebis morigeobiT. samsaris qedze stratovul-
kanebia: didi abuli (3300.5), patara abuli (2799), samsari (3287,7), godorebi (3188,3), 
TavkveTili (2585,m), didi Savnabada (2929,0), grigori (2767.4 m). xSirad vulkanuri 
nagebobis wesieri konusuri forma darRveulia maT kalTebze mwvervalidan konus-
is fuZemde TiTqmis sworxazobrivad ganviTarebuli barankosebiT (didi abuli, di-
di Savnabada, grigori, TavkveTili da sxv). 

samsari qedis reliefis Tavisebur formebs qmnian eqstruziuli masivebi. maTi 
gumbaTuri formis reliefi blanti, aqroladi komponentebiT gaRaribebuli magme-
bis amorqvevis produqtebiT iqmnebian. eqstruziul masivebis didi umravlesobisa-
Tvis lavuri nakadebi damaxasiaTebeli ar aris, Tumca zogierT maTganTan dakavSi-
rebulia Zalian mokle, magram mZlavri nakadebi. monogenuri moqmedebis eqstru-
ziuli tipis lavur vulkanebs miekuTvnebian: dasavleTi egoisari (2410,0), aRmo-
savleTi egoisari (2513.5) abixis vulkani (ivantapa, 2933,4), eStia(2274,7), aRmosavleTi 
qeroRli (2757,1) dasavleTi qeroRli (2921,0), didi da patara saZmos jgufis 
vulkanebi (2857,4), sagliasko (2878,7), karakuzea (3194,3), yaradaRi (3046,9)  da sxv.  

samsaris qedze yvelaze Zlier dangreuli rkaliseburi formis reliefiT ga-
moirCeva samsaris vulkanuri masivi, romlis kldovani ferdobebi danawevrebulia 
rigi myinvaruli xeobebiT.  vulkanis aRmosavleTiT kalTa TandaTanobiT gadadis 
kalderul depresiaSi. l.maruaSvilis mixedviT samsaris masivi da karakuzea er-
Tiani akumulaciuri vulkanuri reliefis destruqciul nawilebad ganixilebian 
(maruaSvili, 1971) 

Znelia gvanmiocenur–adrepliocenuri vulkanizmis rolis Sefaseba javaxeTis 
qedis reliefis formirebaSi. saqme isaa, rom qedis teritoriis did nawili  gvian-
pliocenuri vulkanuri warmonaqmnebis didi simZlavris produqtebiT aris dafar-
uli, rac Zalian arTulebs gvianmiocenuri substratis kvlevas da praqtikulad 
SeuZlebels xdis geomorfologiuri meTodebiT maT rekonstruqcias. javaxeTis 
qedis teritoriaze gvianmioceuri vulkanizmis produqtebiT agebuli reliefis 
formebi ganviTarebulia qedis sxvadasxa nawilSi–eqstuziuli TaRebisa da teqto-
nikuri blokebis saxiT. agebulia saSualo da mJave Sedgenilobis vulkanitebiT: 
TaRuri formis monogenuri lavuri vulkanebs miekuTvnebian:  Crdilo dalilaRi 
(2661,2), Wiqiani (koiundaRi, 2417,0), kirdaRi (2431.6), madatapa (2713,8). Zlier dana-
wevrebul reliefs qmnis – Tanamedrove myinvaruli formebiT  qedis wyaldamof 
nawilSi, mdinare sarfderes saTaveebSi gvianmiocenuri dacitebiTa da riol-
iTebiT agebuli CaTaxis masivis teqtonikuri bloki. Zalian mokrZalebulia gvian-
miocenuri vulkanizmis roli axalqalaqis platos Tanamedrove reliefis fo-
rmirebaSi. platos mosworebuli reliefis fonze kargad gamoiyofa mis sxvadasxva 
nawilSi aRmarTuli idealuri konusis formis, andezitebiTa da dacitebiT agebu-
li amiranisgorisa (1883.3)  da eldaRis (2495.5) eqstruziuli masivebi. 

SuapliocenSi javaxeTis zeganis gvianmiocenuri reliefi aqtiuri denuda-
ciisa  da vulkanur–terigenuli naleqebis dagrovebis ared iqca.   

gianpliocenur–adrepleistocenuri reliefwarmomqmneli etapi. gacilebiT 
didia  gvianpliocenur–adrepliocenuri etapis vulkanizmis roli javaxeTis zeg-
nis Tanamedrove reliefis iersaxis CamoyalibebaSi. am periodSi ukve arsebobda 
maRalmTiani sistemebi danawevrebuli reliefiT. zeda pliocenSi teqtonikuri 
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moZraobis gaaqtiurebis fonze kidev ufro izrdeba reliefis kontrastulobis 
xarisxi. reliefis formirebis gvianpliocenuri etapi, winamorbedisagan gansxvave-
biT, gamoirCeva vulkanuri moqmedebaTa gamovlinebis gansxvavebuli tipiT. kerZod, 
gvianpliocenSi vulkanizmis ganviTarebis sawyisi stadia napralur–arealuri ti-
pis mZlavri arealuri amofrqvevebiT iwyeba, romelic mimdinareobs dolerit–ba-
zalturi Sedgenilobis lavebis kolosaluri raodenobiT amofrqveviT. vulkanuri 
konusebi, rogorc aseTi napraluri tipis centrebidan Txevadi magmis amoifrqvis 
SemTxvevaSi Cveulebriv ar Cndeba; am dros formirdebian: axalqalaqis, walkis, 
gomareTisa da dmanisis plato–bazaltebi, romlebic Sedgebian erTmaneTze subh-
orizontalurad ganlagebuli ramdenime lavuri nakadisgan. nakadebs Soris xSi-
rad saxelmZRvanelo namarxebis Semcveli tbiuri naleqebia ganviTarebuli, rac 
amofrqvevebs Soris Sesvenebis periodSi mSvidi, stabiluri teqtonikuri reJimis 
arsebobaze miuTiTebs. 

vulkanizmis ganviTarebis momdevno etapi centraluri tipis amofrqvevebiT 
mimdinareobs, rac gamoixateba efuziur da eqsploziur procesebSi, romlebic 
qmnian lavur velebsa da mZlavr piroklastur ganfenebs. centraluri tipis 
amofrqvevebis produqtebi wina etapisagan gansxvavebiT xasiaTdebian kaJmiwis 
momatebuli SemcvelobiT da warmodgenilia andezibazalturi (ZiriTadad) da 
andezituri Sedgenilobis lavebiT da maTive piroklastolitebiT. mJave vulka-
nitebi TiTqmis ar monawileoben.   

didia gvianpliocenuri vulkanuri etapis roli javaxeTis qedis Tanamedrove 
reliefis formirebaSi. javaxeTis qedi (sigrZe saqarTvelos teritoriaze–45 km, 
sigane 5km dan–25 km–de) xasiaTdeba mkveTrad gamoxatuli asimetruli aRnagobiT. 
javaxeTis qedis reliefi, samsaris qedisagan gansxvavebiT SedarebiT mSvidi–susti 
danawevrebiT xasiaTdeba. qedis dasavleTi kalTa mTeli Tavisi gavrcelebis man-
Zilze TandaTan gadadis platosebr mosworebul reliefSi, xolo aRmosavleTi–
SedarebiT cicaboa da danawevrebulia mdinareTa Rrma xeobebis xSiri qseliT.  

vulkanuri amofrqvevis centrebis ZiriTadi masa ganlagebulia qedis wyal-
gamyof nawilSi da mis dasavleT kalTaze gamaval submeridionaluri mimarTule-
bis siRrmuli rRvevis xazis gaswvriv uwesrigod an rigebad. qedis Txemuri nawi-
lis reliefs qmnian aq ganviTarebuli srtatovulkanebi, eqstruziuli TaRebi, la-
vuri da widis konusebi da maT Soris platoseburad mosworebuli farTo depre-
siuli ubnebi.  

stratovulkanebi. am tipis vulkanur nagebobebs miekuTvnebian emlikli 
(3056.8), legli (3156,9) da samxreTi dalidaRi (2914). isini ZiriTadad bazalturi da 
andezibazalturi (iSviaTad andezituri) Sedgenilobis lavebisa da maTive pirok-
lastolitebis morigeobiT arian agebuli. maTTan dakavSirebuli lavuri nakadebi  
amofrqvevis adgilidan sxvadasxva mimarTulebiT ramdenime aTeul km-ze vrcel-
debian. gansxvavebulia lavuri nakadebis zedapiris mikroreliefi da zomebic. 
reliefis ZiriTad formebs Soris gavrcelebulia monogenuri lavuri vulkanebi 
da widis konusebi.  

monogenuri moqmedebis lavur vulkanebs miekuTvnebian: iniakdaRi (1943.8), kara-
tepe (2350), biketi (2277,4) kuliabiaka (2820,4) (javaxeTis qedi); surp–oganezi (2327.5)  
samsaris qedi); lavur – widovan vulkanebidan: greSiCnaia (2515.2), qemerli (2538.8), 
seittapa (2147.9), guniakala (1976), davakrani (2807.8), gulabaia (2806.2), SiStepe (2787.1),  
gilxidaRi (27677), karaxaSi (2689) da sxv. (javaxeTis qedi), supsari (2327) Calatu-
dori (2353.2), usaxelo mwvervalebi (2562.5, 2665), ortulu (2445.6), oqiuzdaRi (2441) 
usaxelo mwvervalebi (2928.0, 3390.1, 2605.5). (nialasyuris qedi): patara giunei (2033.2), 
didi giunei (2060.1), TaSkala (1983.2), supsari (2000), zakvi (1990.2), murCumtepe (1830.1), 
usaxelo (1896.6) da sxv. (axalqalaqis plato), qeroRli (2215.5), usaxelo mwverval-
ebi (1951.7, 1930, 1962) (murakvanis qedi). widis vulkanebi. am etapze adgili aqvs ko-
losaluri moculobis piroklasturi masalis amofrqvevas, romelsac emsaxurebi-
an: iumritape (2247.8), tavSantapa (2179,9), saRamo (2330,0), kruglaia (2108), guli (2380), 
xaritonovabalka (2234.3), qaCaltepe (2812.0) da sxv. (javaxeTis qedi); karaultepe 
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(2146), ovaxi (2995.0), dilifa (1979), iniaki (2138.0) (nialasyuris qedi), arCeuli (2167.5), 
sulda (1967.2) (axalqalaqis plato), patara kiziddaRi (2620.0) (samsaris qedi).   

reliefwarmomSobi gvianpleistocenuri etapi. gvianpleistocenur etaps arse-
biTi roli zegnis reliefis iersaxis SeqmnaSi ar Seutania. am periodSi samsaris 
qedze ganaxlebas iwyeben gvianmiocenuri drois stratovulkanebi: patara Savn-
abada, beberiklde, TavkveTili. maTTan aris dakavSirebuli Savi, fisiseburi hia-
loandezitebis  mZlavri da grZeli lavuri nakadebi, romlebic qedis samxreT–
aRmosavleT da Crdilo–dasavleT kalTebzea ganviTarebuli. nakadebs SerCenili 
aqvT qaoturi, uswormasworo, gorak–borcviani zedapirebi. kargad daikvirveba 
nakadebis safexuriseburi ganlageba. nakadebs ar emCneva arc myinvaruli egzaracia 
da arc eroziuli moqmedebis niSnebi. 

am drois ganaxlebul stratovulkanebs miekuTvnebian didi kizildaRi 
(3098.1), romelic ganviTarebulia samsaris kalderis aRmosavleT bortSi. moswo-
rebuli reliefis fonze SesaniSnavad Cans misi ideluri konusuri forma, romlis 
cicabod daqanebul kalTebze da ZirSi uxvad gvxvdeba gamofituli qanebis didi 
simZlavris lodnari.  

vulkanuri reliefis gardaqmnis ekzogenuri procesebi. 
javaxeTis zegnis pirveladi vulkanuri akumulaciiT Seqmnili reliefi, 

vulkanuri aqtiobis Sewyvetis Semdeg, ganicdis ekzogenuri procesebis intensiuri 
zemoqmedebas. aqve unda aRiniSnos, rom reliefis gardamqmneli ekzogenuri pro-
cesi maT Semqmnel efeqtur endogenur procesebTan SedarebiT gacilebiT nela 
mimdinareobs. 

pirveladi vulkanuri reliefis formebis gardamqmnaSi wamyvani rolo erozi-
asa da gamofitvis procesebs ekuTvniT, romlebic moqmedeben, ara mxolod vulka-
nuri relefis Camoyalibebis Semdeg aramed misi formirebis procesSic. bevr vul-
kanur nagebobze dakvirvebiT (samsari, samxreTi dalidaRi da mravali sxva),  Cans, 
rom reliefis gardaqmnaSi udidesi roli aqvT  vulkanur afeTqebebs. imis miu-
xedavaT, rom afeTqebebi aris droSi wrafi–xanmokle procesi, reliefis garda-
qmnis xarisxi am dros imdenad maRalia, rac SeuZlebeli iqneboda eroziul pro-
cesebs ramdenime aTaseuli wlis ganmavlobaSi moqmedebiT gamoewviaT.  

nivalur–myinvaruli reliefi. wamyvani roli javaxeTis zegnis reliefis gar-
daqmnaSi myinvarebs ar aqvT. sakvlevi regionis teritoriaze ganviTarebulia 
izolirebuli mcire masStabis myinvaruli kerebi – xeobis, karuli da karul–
xeobis myinvaruli formebis saxiT. gamyinvarebis niSnebi kargad Cans cirkebis, 
trogebis, morenebis, qviani myinvarebis da sxva nivalur–glacialuri morfo-
skulpturuli formebis saxiT (Маруашвили Л.1951, axalkaciSvili, 2006). 

reliefis Zvelmyinvaruli formebi damaxasiaTebelia, mxolod im mwverva-
lebisa da masivebisaTvis, romelTa absoluturi simaRle 3000 metrs aRemateba. 
karuli formebis analizidan gamomdinare firnis xazi 2700–2800 metr simaRleze 
mdebareobs. xolo firnis xazis sxvaoba 150–200 metria. aris iseTi mwvervalebi, 
romelebic didi absoluturi simaRlis miuxedavad (2900–3100 m), gamyinvarebis niS-
nebs ar atareben. mizezad SeiZleba masivebisa da mwvervalebis ferdobebis didi 
cicabo – qarafovani daqaneba da axalgazrda asaki vivaraudoT.    

Zveli gamyinvarebis zemoqmedebis niSnebi SemorCenilia didi abulisa da sam-
saris vulkanur masivebze. didi abulisa masivze Zveli gamyinvarebis arsebobis 
damadasturebeli niSnebi eroziul–akmulaciuri formebis saxiT SemorCenilia mis 
Crdilo–aRmosavleT da Crdilo–dasavleT kalTebze–cirkebis, trogebisa da mor-
enebis saxiT. SedarebiT mcire zomis karuli formebi Semonaxulia samxreT da da-
savlur ferdobebze, razec miuTiTebs myinvaruli naleqebis morfologia–borc-
viani reliefi, myinvaruli warmoSobis mcire zomis tbebisa da sustad gamoxatu-
li safexurebis arseboba. 

didi abulis Crdilo–dasavleT ferdobze myinvaruli formebi ganlagebulia 
2850–2900 m. absolutur simaRleze. lodnari, romlis myinvaruli genezisi eWvs ar 
iwvevs gvianmiocenur–adrepliocenuri vulkanuri ciklis mJave efuzivebis natexeb-
iT aris agebuli. morenul masalaSi monawileoben dauxarisxebeli, dakuTxuli da 
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Sreobriobas moklebuli qva–RorRiani danagrovebi. misTvis damaxasiaTebelia Zli-
er danawevrebuli denudaciur–teqtonikuri reliefi. myinvaruli zemoqmedebis niS-
nebi – cirkebis, karebis trogebisa da morenebis saxiT SemorCenilia samsaris 
vulkanur masivis Crdilo–aRmosavleT ferdobze. kalderis Semomfargvlel fer-
dobze eroziul–denudaciur procesebs gadarCenili ramdenime karuli formaa 
SemorCenili, romlebic 2900–3000 absolutur metr simaRleze mdebareoben (axalk-
aciSvili, 2006). 

myinvaruli cirkebi, romlebic dResac mudmivi TovliT aris amovsebuli, 
dafiqsirebulia javaxeTis qedis wyaldamyof nawilSi md.sarfderes saTaveebSi 
(CaTaxis masivi) 2600 metr absolutur simaRleze. 

nialasyuris qedis teritoriaze gamyinvarebis niSnebis arsebobaze miuTiTebs 
j.wereTeli (Церетели Дж., 1969). is md. zagraniCnaias xeobis saTaveebSi 2900–2950 
absolutur metr simaRleze ganviTarebul depresiul ubans myinvarul cirkad 
ganixilavs, rac Cveni monacemebiT Znelad misaRebia, Tumca arc is aris gamoricxu-
li, rom  Zveli gamyinvarebis kvali SeiZleba waSliliyo aq ganviTarebuli Rrma 
eroziuli xeobiT (axalkaciSvili, 2006). gvianpliocenur–adrepleistocenuri 
vulkanuri nagebobebi myinvaruli zemoqmedebis niSnebs ar atareben da kargad aqvT 
SemorCenili pirveladi vulkanuri formebi. 

ferdobis procesebi. javaxeTis zegnis pirvandeli akumulaciuri reliefis 
gardaqmnaSi mniSvnelovan rols asrulebs ferdobis procesebi. prosesebi gamo-
fitviT iwyeba denudaciiT mimdinareobs da akumulaciiT mTavrdeba.  

fitviTi procesebi exeba yvela vulkanur nagebobas–maTi amgebi qanebis asaki-
sa da qimiuri Sedgenilobis miuxedavad. TiTqmis ar moiZebneba vulanuri nagebobe-
bi, romlis kalTebze da ZirSi met–naklebi raodenobiT ar iyos dagrovili amgebi 
qanebis sxvadasxva zomis gamofituli natexovani masalis lodnari. 

gamofitvis mTavari agentebia wyali, regionis teritoriaze gabatovebuli 
Zlieri qarebi, temperaturis mkveTri cvalebadoba da naklebad myinvarebi. vulka-
nur konusebze dakvirvebiT advilad vrwmundebiT, rom gamofitviTi procesebis in-
tensiobas mniSvnelovnad gansazRvravs ferdobis daqaneba, konusis amgebi qanebis 
petrografiuli Sedgeniloba da simtkicis xarisxi. magaliTad widis konusebi la-
vur konusebTan SedarebiT gamofitvis agentebis moqmedebas ufro advilad emor-
Cilebian mkvriv_masiur lavebTan SedarebiT. 

vulkanis konusebis ferdobebze dagrovili gamofituli masala iwyebs den-
udacias. denudaciuri da akumulaciuri procesebi arian erTmaneTTan mWidrod 
dakavSirebuli procesebi. denudacia aris reliefis gardaqmnis mTavari faqtori. 
denudaciis mTavari agentebia: simZimis Zala (gravtacia), wyali, qari, da myinvarebi. 
simZimis Zalis gamo gamofitvis produqtebi gravitaciuli ZalebiT iwyebs gada-
adgilebas mwvervalidan Ziris mimarTulebiT, sadac isini ileqebian da qmnian 
sakmaod didi simZlavris danagrovebs. masalis nawili ferdobze rCeba da Tavi-
sebur vulkanur landSafts qmnis. process aCqarebs wyali, Tovlis zvavebisa da 
myinvarebis moZraoba, regionSi gaxSirebuli, Tundac susti miwisZrebi. mcire zo-
mis masalis gadatanas-qaric emateba. transportirebisas kargad Cans natexovani 
masalis daxarisxeba. 

amgvarad, zemoT Tqmulidan gamomdinare SeiZleba davaskvnad, rom javaxeTis 
zegnis reliefis Tanamedrove ier-saxis gamsazRvreli faqtorebia: vulkanizmi (Zi-
riTadad) da teqtonika. xolo reliefgardamqmneli faqtorebidan wamyvani roli 
gamofitviT procesebs da wylis erozias ekuTvniT, romlebic dResac aqtiurad 
agrZeleben sakvlevi regionis reliefis danawevrebis process.   
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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. 
 

saqarTvelos TviTnabadi spilenZis da ,,kolxuri TeTris’’ qimiuri Sedgenilobis 
Taviseburebani. n. foforaZe, x. gaCeCilaZe. saqarTvelos ganaTlebisa da mecnierebis sami-
nistro, ssip saqarTvelos teqnikuri universiteti, kostavas 77, 0175 Tbilisi. 
el-fosta: nodar_poporadze@yahoo.com  

qimiuri da mikrorentgenospeqtraluri analizebis saSualebiT dadgenilia bolnisis 
madnian velSi mopovebuli TviTnabadi spilenZis da vercxlis qimiuri Sedgenilobis 
msgavseba kolxuri TeTris gulgulas qimiur SemadgenlobasTan. kolxuri TeTris monetebi 
damzadebulia gacxelebul mdgomareobaSi nawilobrivi galRobiT, xolo gamoWedili 
monetebis zedapiri dafarulia vercxliT, amalgamirebiT. 
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gafarToebuli reziume 

 
saqarTveloSi madnebis eqsplotacias didi xnis istoria aqvs, razec naTlad 

metyvelebs saqarTvelos sxvadasxva regionebSi aRmoCenili Zvel samTo gamonamu-
Sevrebi, metalurgiuli kerebi da gadamuSavebuli madnis wida. 

saqarTveloSi spilenZis sabadoebi cnobili iyo bolnisis raionSi _ dam-
bludTan, raWaSi mdinareebis: CveSuras, zofxituris, xvrelieTis saTaveebTan, ag-
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reTve sofel laSxeTSi, mdinare cxeniswyalze, yazbegis raionis, devdorakis da 
CorTios, aWara-TrialeTis mTianeTSi, qvemo qarTlSi, guriaSi da sxva.  

aRmosavleT saqarTveloSi spilenZis, brinjaos, oqrosa da vercxlis meta-
lurgiis ganviTarebisaTvis brinjaos da antikuri xanis qarTveli meliToneebi 
nedleulad qvemo qarTlSi arsebul madneulisa da saydrisis sabadoebis pirve-
lad da meorad sulfidur madnebTan erTad iyenebdnen TviTnabad spilenZs, 
vercxls da oqros, romelTa mopoveba did siZneleebTan ar iyo dakavSirebuli. 

qimiuri da mikrorentgenospeqtraluri analizebis saSualebiT Seswavlil 
iqna bolnisis raionis madnian velSi mopovebuli TviTnabadi spilenZis qimiuri 
Sedgeniloba, rogorc zedapirze aseve siRrmeSi. analizebis Sedegebma gviCvena, 
rom TviTnabadi spilenZis sxvadasxva formisa da zomis masebi ZiriTadad araerT-
gvarovani qimiuri SedgenilobiT xasiaTdeba, maTSi gvxvdeba, rogorc damoukide-
beli mineraluri CanarTebi (qalkozini, kupriti, kvarci), aseve calkeuli ele-
mentebi (vercxli, dariSxani, tyvia, seleni, siliciumi da sxva). rac ufro didi 
zomisaa TviTnabadi spilenZi miT ufro erTgvarovania misi qimiuri Sedgeniloba 
da ZiriTadad spilenZiTaa warmodgenili.  

arqeologiuri liTonuri masalis (spilenZi, brinjao, oqro, vercxli) deta-
lurma mikrorentgenospeqtrulma analizma da misma Sedarebam TviTnabadi oqros, 
spilenZis da nawilobriv, vercxlis qimiur SedgenilobasTan, mravali sagulisxmo 
faqti mogvca. brinjaos da antikuri xanis qarTveli meliToneebi, sxvadasxva dani-
Snulebis spilenZis, oqros da vercxlis nakeTobebs, xSir SemTxveevaSi, uSualod, 
mxolod meqanikurad  gamdidrebuli TviTnabadi liTonebisgan amzadebdnen. aseTi 
saxiT damzadebul nakeTobebSi identuri  mineraluri CanarTebi da qimiuri ele-
mentebis mikrokomponentebi Cven mier aris dafiqsirebuli, iseTive raodenobiT, 
formiT da ganawilebis TaviseburebebiT, rogorc TviTnabad spilenZSi, oqrosa da 
vercxlSi. 

spilenZs da vercxls gamoyenebis TvalsazrisiT pirvel elementebsac uwo-
deben, vinaidan adamianma pirvelad spilenZi gamoiyena, rogorc iaraRad, ise samka-
ulad (Lordkipanidze 2002). 

TviTnabadi spilenZis mxolod meqanikuri gamdidrebis Sedegad miRebuli ne-
dleulisgan  mcire da erTob SezRuduli daniSnulebis nivTebs amzadebdnen, maT 
Soris, monetebsac. xolo pirveladi sulfiduri Zireuli sabadoebidan mopovebul 
madnebs, meqanikur gamdidrebasTan erTad gamowvavdnen, acilebdnen gogirds da 
sxva fuW masas galRobiT quraSi. 

qvemo qarTlis xalasi spilenZis uSualo gamoyenebis utyuar sabuTs iZleva 
sxvadasxva daniSnulebis spilenZis nakeTobebis,  maT Soris kolxuri TeTris qimi-
uri Sedgenilobis msgavseba xalasi spilenZis qimiur SedgenilobasTan.  

mikrorentgenospeqtraluri analizis Sedegad aRmoCnda, rom kolxuri TeTri 
ori fenisagan Sedgeba, gare Txeli fena e.w. garsi (saSualod 0.5 mm) erTgvarovani, 
TiTqmis sufTa vercxliTaa warmodgenili (91-97%), xolo SigTavsi e.w. gulgula 
gansxvavebuli ferisa da Zlier araerTgvarovani qimiuri SedgenilobiT xasiaTde-
ba, sadac zogjer mcire zomis sicarieleebTan erTad gvxvdeba muqi yavisferi-mo-
Savomde, momrgvalebuli zogjer dakuTxuli CanarTebi, iseTebi rogorebic TviT-
nabad spilenZSia dafiqsirebuli. 

bolnisis raionis TviTnabadi spileZisa da vercxlis qimiuri Sedgenilobis 
da maTSi minarevi elementebisa da calkeuli mineralebis arsebobis formis, rao-
denobis da ganawilebis raobis identurobam kolxuri TeTris qimiuri Sedge-
nilobasTan saSualeba mogvca vivaraudoT, rom kolxuri TeTri damzadebulia 
bolnisis madnian velSi mopovebuli TviTnabadi spilenZis da vercxlis sxvada-
sxva zomisa da araerTgvarovani bunebrivi formis masebis gamoWedviT gacxelebul 
mdgomareobaSi nawilobrivi galRobiT, xolo gamoWedvis Semdeg gamoWedili mone-
tebis zedapiri dafarulia vercxliT, amalgamirebiT. 
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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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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. 2006).  

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 (Cu2S) 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 mm2) 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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qveynis mineraluri resursebi nacionaluri simdidrea. dReisaTvis saqarTveloSi 
Seqmnili sasargeblo wiaRiseulis resursuli bazis Rirebuleba wiaRSi 90 miliard aSS 
dolarze metia. wiaRiseuli, rogorc saxelmwifo materialuri qoneba, gamoyenebul unda 
iqnes qveynis ekonomikuri ganviTarebisaTvis,aucilebelia mineraluri nedleulis resur-
sebis kapitalizacia da Sesabamisi meqanizmebis amuSaveba. 
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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. 
 

saqarTvelos teritoriaze xangrZlivma policiklurma geologiurma ganviTa-
rebam ganapiroba sxvadasxva saxeobis mineraluri nedleulis didi raodenobis sa-
badoebis da madangamovlinebebis warmoSoba. 

geologebis saukunovani Sromis Sedegad Seiqmna saqarTvelos mineralur-sa-
nedleulo baza, romelic xasiaTdeba saTbob-energetikuli resursebis (navTobi, 
gazi, naxSiri), manganumis, dariSxanis, feradi da keTilSibili liTonebis (spi-
lenZi, tyvia, TuTia, oqro, vercxli da sxv.), samTo-qimiuri nedleulis (bariti, 
kalciti, bentonituri Tixebi, talki, andeziti, bazalti da sxv.), metalurgiisTvis 
aramadneuli nedleulis (fisdolomitebi, dolomitebi, safluse kirqvebi, sayali-
be qviSa), keramikuli nedleuli (kaolini, Tixebi, traqitebi, rioliTebi, pegmati-
tebi), feradi qvebis (firuzi, agati, oniqsi, giSeri, iaspi), samSeneblo sxvadasxva 
masalis (cementis nedleuli, widebi, marmariloebi, tufebi, bazaltebi, granitebi, 
Tixebi, qviSa, xreSi, kirqvebi) da agreTve xelovnuri almasebis warmoebaSi gamosa-
yenebeli liTografiuli qvis, agronomiuli madnebis (sapropeli, torfi, gaji) da 
miwisqveSa wylebis (mtknari, Termuli da mineraluri) arsebobiT. 

mineraluri nedleulis sxvadasxva saxeobis da maragebis mixedviT sxvadasxva 
masStabis daZiebuli sabadoebidan eqspluataciaSi CarTuli iyo 257, xolo re-
zervSi iricxeboda 259. 

am ukve gamovlenili sabadoebis daZiebuli maragebis bazaze moqmedebdnen 
sarewebi, maRaroebi, Ria damuSavebis karierebi, mamdidrebeli fabrikebi, cementis 
qarqxebi, aramadneuli nedleulis gadamamuSavebeli warmoebebi da agreTve, wylis 
Camosasxmeli qarxnebi, sanatoriuli da sakurorto samkurnalo dawesebulebebi, 
Termuli wylebis gamoyenebis   kompleqsebi da sxv. 

arsebuli masalebi uCvenebs, rom : 
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  -praqtikulad yvela samTomompovebeli sawarmo uzrunvelyofili iyo daZiebuli 
maragebiT; 
  -arsebobda sxvadasxva sasargeblo wiaRiseulis maragebis Semdgomi zrdis rea-
luri perspetivebi; 
  -sakmarisad ar iyo gamoyenebuli ukve daZiebuli mineralur-sanedleulo bazis 
SesaZleblobebi nedleulis mopovebisa, qva da mura naxSirebis, keTilSobili da 
iSviaTi liTonebis, cementis, dolomitis, barit-damamZimeblis, ceoliTebis, peril-
tebis, TabaSiris, aguris, faifuris, keramikis, agromadnebis, samSeneblo masalebsa 
da sxvaTa warmoebis gasazrdelad. 
  -saqarTvelodan yof.sabWoTa kavSiris sxva regionebSi warmoebda manganumis, spi-
lenZis, tyviis, TuTiis, bentonituri fxvnilebis, ceoliTebisa da baritis koncen-
trantebis, talkis, liTografiuli qvis, dolomitebis, mosapirkeTebeli qvis, aga-
tisa da sxvaTa miwodeba. 

aRsaniSnavia is faqtic, rom bunebrivi resursebiT mdidari sabWoTa kavSiri 
saWirod ar Tvlida aeTvisebina misi masStabebisTvis mcire sabadoebi, miT umetes 
Tu es gamadnebuli ubnebi centridan moSorebiT “provinciuli republikis” teri-
toriaze iyo ganlagebuli. samagierod amave regionSi gamovlenili didi sabado-
ebis damuSaveba xelovnurad daCqarebuli, piratuli wesiT mimdinareobda. 

metropoliis aseT politikis Sedegad dRes Cven gvaqvs erTis mxriv nawilob-
riv Seswavlili an dauZiebeli mineralizebuli velebi da meores mxriv mniSvne-
lovnad dazianebuli msxvili sabadoebi, mraval, maT Soris myari narCenebis 
problemebiT. dRes yvela es gamovlineba da sabado gadafasebas moiTxovs.  

sabWoTa kavSiris daSlis Semdeg  mineraluri nedleulis yvela saxis urTi-
erTmiwodeba praqtikulad Sewyda, xolo mineraluri nedleulis bazaze momuSave 
warmoeba mkveTrad Semcirda. (erTian erovnul produqtSi Semcirda 8-10% dan 1% 
mde). 

Zalze mkveTrad dadga wiaRis mineraluri resursebis sruliad (kompleq-
surad) da racionalurad gamoyenebis sakiTxi: jerjerobiT ar aris uzrunvel-
yofili mopovebuli da gadamuSavebuli nedleulis kompleqsuri racionaluri 
gamoyeneba, ar realizdeba samTomopovebiTi moqmedi sawarmoebidan miRebuli pro-
duqciis efeqturad gamoyenebis axali gzebi. bevri sabados sasargeblo namarxebis 
nivTieri Semadgenloba da teqnologiuri Tvisebebi arasakmarisadaa Seswavlili. 
sasargeblo namarxebis mopovebisa da gadamuSavebis teqnologia bevr SemTxvevaSi 
iTxovs Zirfesvian gaumjobesebas msoflioSi miRweuli teqniko-ekonomikuri maCve-
neblebis Suqze. 

qveynis mineralouri resursebi nacionaluri simdidrea, romelis moculoba 
da Rirebuleba ar eqvemdebareba politikur koliziebs, qveyana da misi mTavroba 
dainteresebulia Tavis wiaRiseul simdidreTa racionalur gamoyenebaSi. maTi 
potencialis Seswavla-gadafaseba da efeqturi gamoyeneba aucilebelia qveynis 
mdgradi ekonomikuri ganviTarebisTvis. 

dReisTvis saqarTveloSi Seqmnilia sasargeblo wiaRiseulis mniSvnelovani 
resursuli baza, romlis Rirebuleba wiaRSi sxvadasxva gaTvliT 90 mlrd aSS 
dolarze matia. Tanamedrove samonitoringo saSualebebis da makroekonomikuri 
analizis gamoynebiT SesaZlebelia saqarTvelos wiaRiseuls zusti faseulobiTi 
gamosaxuleba mieces. 

baton a. TvalWreliZis da sxva. SemoTavazebuli meTodikiT saqarTvelos 
fasebis xvedriTi indeqsi arsebuli da prognozuli resursuli bazisaTvis 
Seadgens 1.44 mln aSS dolars erT kvadratul kilometrze. am parametriT 
saqarTvelo CamorCeba mxolod samxreT afrikis kavSirs da yazaxeTs. 

dReisaTvis am simdidris gamoyeneba did finansur da teqnikur siZnele-
ebTanaa dakavSirebuli. adgilobrivi saSualebebis mkveTri SezRudulobis piro-
bebSi, aucilebelia gare investireba, saWiro finansireba da teqnikis mozidva, 
Tanamedrove teqnologiebis gamoyeneba, mineralur-resursul bazaze agebuli war-
moebis marketinguli sistemebis Seqmna da wiaRiseulis komercializacia. ufro me-
tic, wiaRiseuli rogorc saxelmwifo materialuri qoneba, gamoyenebuli unda iq-



125 
 

nas qveynis ekonomikuri ganviTarebisaTvis, ar aris sakmarisi dRes arsebuli “kla-
sikuri” midgoma, rodesac resursuli baza, faqtobrivad mxolod mompovebeli da 
gadamamuSavebeli mrewvelobis safuZvels Seadgens, rac didi odenobis investici-
ebTan da did drosTan aris dakavSirebuli, risTvisac samwuxarod jerjerobiT 
pirobebi ar arasebobs. 

mineraluri nedleuli (an misi garkveuli nawili) SeiZleba gaiyidos, gasx-
visdes, gaqiravdes, dagiravdes, Caidos garantad, gadaeces nebismier iuridiul an 
kerZo pirs, risTvisac aucilebelia mineraluri nedleulis resursebis kapitali-
zacia da Sesabamisi meqanizmebis amuSaveba, magaliTad wiaRiseulis garkveuli na-
wili SeiZleba gamoviyenoT saqarTvelos erovnuli valutis saerTaSoriso kursis 
uzrunvelsayofad, saWiro investiciebis dasazRvevad da a.S. 

ucxoeli specialisti eqspertebis daxmarebiT aucilebelad unda Seiqmnas 
mineraluri nedleulis bazis saxelmwifo rezervi, romelic rogorc zustad Se-
fasebuli saxelmwifo qoneba, imoqmedebs saerTaSiriso bazarze da Seqmnis dama-
tebiT sabanko Rirebulebebs. 

saqarTvelos mineralur-resursuli bazis Taviseburebebidan gamomdinare, 
bevri sabados damuSaveba unda xorcieldebodes mcire masStabis samTomompovebe-
li sawarmoebiT, romlebmac farTo gavrceleba hpoves sazRvargareTis qveynebSi. 
aseT sawarmoebSi ganviTarebul da ganviTarebad qveynebSi moipoveba mineraluri 
nedleulis mravali saxeoba. zogierT qeyanaSi “samTo mcire sawarmoebi” warmoad-
genen ekonomikis mniSvnelovan dargs. aseTi sawarmoebis muSaobisaTvis ukanasknel 
wlebSi msoflioSi Seqmnilia efeqturad momuSave modeluri moZravi samTomom-
povebeli da gamamdidrebeli danadgarebi. “samTo mcire sawarmoebis” erT-erT 
mniSvnelovan Taviseburebas warnoadgens saZiebo samuSaoebis Catareba eqpluataci-
asTan erTdroulad, rac uzrunvelyofs ZiebaSi Cadebuli kapitalis swraf dabru-
nebas. “mciresawarmoebs” SeeZloT mniSvnelovani roli eTamaSaT saqarTvelos mTi-
ani regionebis socialur-ekonomikur ganviTarebaSi. 

amgvarad, saqarTvelo sakuTari saWiroebisa da eqspluataciisTvis gansa-
zRvruli masStabiT flobs mineraluri nedleulis mraval saxeobas daZiebuli 
maragebiT, arsebobs maTi mniSvnelovnad gazrdis perspeqtivebi. mTavari amocana 
mdgomareobs am Zvirfasi bunebrivi potencialis ekologiurad usafrTxo, teqno-
logiurad unarian da ekonomikurad dasabuTebul Seswavlasa da gamoyenebaSi. 

sanedleulo bazis SesaZleblobaTa realizaciisTvis geologiuri amocanis 
dasma moiTxovs problemaTa mTel rigis winaswar gadawyvetas (madnebis samre-
wvelo Tu saavtoro maragebis daTvla, maTi mopovebis da gadamuSavebis raciona-
luri teqnologiebis damuSaveba, amosakrefi sasargeblo komponentebis realuri 
odenobis gansazRvra, Tanmxlebi keTilSobili da iSviaTi liTonebis amoReba, 
ekologiuri problemis gadawyveta da sxva). 

saqarTvelos mineraluri nedleulis potencialis sruli gamoCenis mizniT, 
gansakuTrebiT ucxoel investorTa mozidvisaTvis aucileblad migvaCnia Cveni 
resursebis gadafaseba, farTo reklama, mineraluri nedleulis calke saxeobaTa 
da konkretul sabadoTa sainvesticio winadadebebis momzadeba, internetSi momza-
debuli SeTavazebebis ganTavseba, mineraluri nedleulis saxeobaTa saerTaSoriso 
gamofena-gayidvaSi aqtiuri monawileoba da sxva. 
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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. 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. 
 

vulkanizmi da hominidebis evolucia. n. aslanikaSvili, a. sulaZe. ssip kavkasiis 
aleqsandre TvalWreliZis mineraluri nedleulis instituti, faliaSvilis q. 85, 0162, 
Tbilisi, saqarTvelo. E-mail: nani45@mail.ru  

evoluciis TeoriaSi kidev arsebobs sakiTxebi, romlebzec erTniSna pasuxi ar aris 
gacemuli. kerZod, afrikeli hominidebis mier gadaadgilebis maneris Secvla - bipedalizmi 
da maTi gansaxleba sxva kontinentebze. afrikaSi da mis farglebs gareT hominidebis sa-
cxovrebeli adgilebis pirobebisa da bunebrivi garemos rekonstruqciis safuZvelze, gamo-
Tqmulia mosazreba, rom bunebrivi katastrofebiT gamowveuli SiSis grZnoba  iyo is mamo-
Zravebeli Zala, romelmac aiZula Cveni winaprebi mietovebinaT Tvisi sacxovrebelebi.  
     

 

Вулканизм и эволюция гоминид. Н.А. Асланикашвили, А.И. Суладзе. ЮЛОП Кавказский институт 
минерального сырья им. Александра Твалчрелидзе, ул. З. Палиашвили, 85, Тбилиси, 0162, Грузия,  
E-mail:  nani45@mail.ru   

Одним из ключевых, нерешенных вопросов теории эволюции является переход африканских гоминид на 
прямохождение и их дальнейшее расселение - прохорез и индегенизация на других континентах. Рекон-
струкция обстановок обитания гоминид в Африке и за ее пределами, позволяют понять причины миграции из 
Африки и заселение ими Евразии. Предполагается, что основной движущей силой, заставившей гоминид 
покинуть обжитые места, было чувство страха перед природными катаклизмами. 

 
 

gafarToebuli reziume 
 

evoluciis TeoriaSi jer kidev arsebobs sakvanZo sakiTxebi, romlebzec erT-
niSna pasuxi ar aris gacemuli. am mxriv gansakuTrebul interess iwvevs afrikeli 
hominidebis mier gadaadgilebis maneris Secvla - bipedalizmi (or fexze siaruli) 
da maTi TandaTanobiTi gansaxleba sxva kontinentebze.   

imdenad, ramdenadac, adreuli adamianebis samSoblod afrikaa miCneuli, ismis 
kiTxva: ra iyo am migraciis mizezi - ra garemoebebma aiZules isini daetovebinaT 
nacnobi adgilebi da gabneuliyvnen sxva kontinentebze. 

am kiTxvebze pasuxis gacema SesaZlebelia bunebrivi garemos da hominidebis 
sacxovreblebis – paleolandSaftebis, klimatisa da ekosistemebis rekonstruq-
ciis gziT.  

umTavresi niSani, rac aerTianebs CvenTvis amJamad cnobil adgilsamyofelTa 
absolutur umravlesobas dedamiwaze – es aris vulkanuri produqtebis monawile-
oba geologiur WrilebSi. 

adamianis winaprebis amJamad cnobili sacxovreblebis umetesoba aRmosavleT 
afrikis riftuli struqturis gavrcelebis zonas ukavSirdeba, sadac neogenis mi-
wuruli da anTropogeni vulkanur-teqtonikuri procesebis mkveTri gaaqtivebis 
xana iyo, ramac denudaciuri da akumulaciuri procesebiT met-naklebad gardaqmni-
li vulkanuri landSaftebis farTe gavrceleba ganapiroba.  

aRniSnuli garemoebebis Sedegad warmoqmnili, sicocxlisaTvis xelasyreli 
landSaftebi, mdidari ekosistema, wyali, nayofieri niadagi, mravalferovani mcena-
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reuli safari da sxv., es is biotopebia, romlebic uzrunvelyofen iq myofTa kom-
fortul arsebobas. 

amasTan erTad, savaraudoa, rom am raionebisaTvis Cveuli perioduli amo-
frqvevebi da xSiri miwisqveSa biZgebi aqaur binadrebs garkveulwilad safrTxesac 
uqmnida. Tu imasac gaviTvaliswinebT, rom amofrqvevebisas pirvel rigSi iwvis tye 
(xeebi), maSin, pirveli, rasac hominidebi iZulebuli iqnebodnen moemoqmedebinaT, 
iyo xeebidan Camosvla da gaqceviT Tavis daRweva. amrigad, SeiZleba davaskvnaT, 
rom iqauri binadrebi Seecdebodnen gaqceodnen realur, amasTan uxilav da amitom 
kidev ufro sagangaSo safrTxes.  

amaze uTuod unda mianiSnebdnen letoliSi (tanzania), vulkanur ferflze (3,5 
mln. w.) nanaxi terfebis aRnabeWdebi, romlebic mkvlevarebis azriT, datovebulia 
or fexze mosiarule hominidebis mier, gaqcevisas. 

es, da kidev mravali sxva faqti gvafiqrebinebs, rom vulkanizmis roli adre-
uli hominidebis migraciebis procesSi, arsebiTi da SesaZloa, gadamwyvetic iyo.   

dmanisis adreuli hominidebis - Homo ergaster-is adgilsamyofeli  afrikis gareT 

yvelaze Zvelia (∼1,78 mln. wl). aq, ∼300m2 farTze aRmoCenilia >5000 erTeuli 
faunisturi (m.S. mtaceblebis) da >2500 qvis industriis nimuSi. kulturuli Sre, 
romelic mravlad Seicavs bazaltis saR, daumuSavebel namsxvrevebs, uSualod 
lavuri ganfenis Tavze mdebareobs, rac imaze mianiSnebs, rom naleqdagroveba 
bazaltis amonTxevis Semdeg maleve daiwyo. 

sayuradReboa is faqtic, rom faunisturi masalisa da artefaqtebis simrav-
lis niSniT dmanisis nasaxlars, mecnierebis azriT, analogi ar gaaCnia.  

amave dros Znelad warmosadgenia mtaceblebisa da adamianebis Tanaarsebobis 
SesaZlebloba am mcire farTze. savaraudoa, rom cxovelebi aq raRac eqstre-
malurma garemoebam miiyvana. SesaZloa, amis mizezi dmanisis Crdilo-dasavleTiT 
arsebuli vulkanuri kerebis gaaqtiureba yofiliyo, rasac isini Zlieri SiSis 
gamo gamoeqcnen. 

zogadad ki, dedamiwaze amJamad cnobili adrepaleoliTuri Zeglebis didi 
umravlesoba konkretul teritoriaze postvulkanur periods ukavSirdeba. 

SiSis grZnoba – yvela cocxali arsebis ZiriTadi instiqti unda yofiliyo 
is mamoZravebeli Zala, romelac aiZula Cveni winaprebi mietovebinaT nacnobi, da 
eZebnaT axali, usafrTxo adgilebi, rasac, albaT, gadaadgilebis maneris Secvla 
(bipedalizmi) uZRoda win.  

magram SiSi aucileblad iwvevs stress. 
stresi – organizmis araspecifiuri pasuxia misdami wayenebul moTxovnaze 

(Selye, 1974). amave dros, stresi organizmSi radikaluri fiziologiuri cvlilebis 
gamomwvevia. aRniSnuli cvlilebebi ki organizmSi konkretuli geneturi mutaci-
ebis fonze mimdinareoben. gaqceva, brZola da garindeba – is sami SesaZleblobaa, 
romliTac organizms ZaluZs reagireba stresze. Sesabamisad, am niSniT adamianebis 
sam tips gamoyofen: mebrZoli, gaqceuli da uZluri.  

aseT SemTxvevaSi gasarkvevia, ra Sinagan resursebs flobda individebis is 
jgufi, romelmac SeZlo adaptacia da Semdgomi ganviTareba ucxo garemoSi.   

gamoyofen 6 ZiriTad faqtors, romlebic ganpirobebs Cveni genebis eqspresias: 
sakvebi, kvebis reJimi, fizikuri aqtivoba, stresi, mavne Cvevebi da ekologia. 

afrikis kontinenti uaRresad mdidaria uranis madnebiT. U3O8-ze gadaTvliT, 
damtkicebuli maragebi 900 aTas tonas Seadgens. gansakuTrebiT msxvili budobebi 
cnobilia nigeriaSi, gabonSi, alJirSi, maliSi, zairSi, somaliSi, madagaskarze, 
mozambikSi da samxreT afrikis respublikaSi. am “bunebrivi reaqtorebis” zemoqme-
debis xarisxi ekosistemebze gansakuTrebul yuradRebas imsaxurebs, radganac, 
xSir SemTxvevaSi, hominidebis adgilsamyofeli sakmaod axlosaa radioaqtiurobis 
kerebTan.  

kvlevis am etapze ki SeiZleba gamoiyos evuluciuri procesis sakvanZo et-
apebi: 1-eqstremaluri garemoSi, uZlieresi SiSis qveS myofi hominidebis gadasvla 
bipedalizmze; 2-adaptacia ucxo garemoSi, rogorc gadarCenis aucilebeli piroba 
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da 3-inteleqtis ganviTareba, rogorc axal garemoSi damkvidrebis saSualeba da 
Sedegic. 

amrigad, SeiZleba davaskvnaT, rom zemoTqmuli im Teoriis sasargeblod met-
yvelebs, romlis Tanaxmadac dedamiwis ganviTarebis istoriis garkveul etapebze 
biologiuri sistemebis evolucias naxtomiseburi, zogjer ki katastrofuli xasi-
aTi hqonda (aqvs), movlenebis arsi ki bunebriv garemoSi wonasworobis periodul 
darRvevasa da axali wonasworobis CamoyalibebaSi mdgomareobs.  

 
 

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 30-
4030/ 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 mln years. 

In Hadar Desert, Ethiopia, petrifications with the age of ~ 3,2 mln 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 palaeovolcanic 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 m2). 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 I. 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 mln 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 mln 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 factor5 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 U3O8, 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-mutations6 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/faqs-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 

                                                
5 Periods of surge growth of radioactivity of natural environment, which could cause global catastrophes, occurred 

in the history of Earth repeatedly, in certain periodicity  
 
       6Little 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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ABOUT THE GEOLOGICAL STRUCTURE OF THE BUULGEN SERIES 

(THE GREATER CAUCASUS) 

 

G. CHICHINADZE 

 
Ministry of Education and Sciences of Georgia. LEPL Alexаndre Janelidze Institute of Geology, 

1/9 M.Alexidze st., 0171 Tbilisi, Georgia. E-mail: (geolog@gw.acnet.ge) 
 
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. 

 
buulgenis seriis geologiuri agebulebis Sesaxeb (kavkasioni). g.WiWinaZe. 

saqarTvelos ganaTlebis da mecnierebis saministro. ssip aleqsandre janeliZis geolo-

giis instituti, m.aleqsiZis 1/9, 0171 Tbilisi.Eel.fosta: geolog@gw.acnet.ge.  
     meore rigis naoWa struqturebis analizis, agreTve qanTa erTobliobis da maTi pet-
ro-mineralogiuri Sedgenilobis safuZvelze, dadgenilia, rom metamorfitebis gamosavle-
bi md.Teberdis saTaveebSi, romlebic adre miCneuli iyo dombais wyebad, Seesabameba buul-
genis seriis gvandris wyebas.  
  

О геологическом строении буульгенской серии (Большой Кавказ). Г.Л. Чичинадзе. Министерство 
просвещения и науки Грузии. ЮЛОП Институт геологии им. А. Джанелидзе, Тбилиси 0171, ул. М.Алексидзе, 
1/9. E-mail: geolog@gw.acnet.ge.  
            На основании анализа складчатых структур второго порядка, а также по набору пород и характеру их 
петро-минералогических данных, установлено, что выходы метаморфитов верховьев р.Теберда, ранее прини-
маемые за домбайскую свиту, соответствуют гвандринской свите буульгенской серии. 
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gafarToebuli reziume 
 

m.sominma kodoris saTaveebSi gamoyo msxvili antiklinuri struqura (sur.1), 
romelic periklinalurad bolovdeba md.gvandris marcxena ferdze. antiklinis 
gulSi SiSvldeba gvandris wyebis metamorfitebi, romelTac moyveba kliCis da 
Semdeg makeris seriis dombais wyebebi. kliCis wyebis samxreTi gamosavali mokve-
Tilia kavkasionis mTavari SecocebiT, xolo Crdilo gamosavali uwyvetad gai-
devneba kavkasionis RerZul nawilSi md.bzifis marjvena Senakad – psiSamde. Sesa-
bamisad, kliCis wyebis CrdiloeTiT momyoli metamorfitebi m.sominis mier miCne-
uli iqna dombais wyebad. 

Semdgom Catarebulma kvlevam aCvena, rom aq buulgenis seriis metamorfitebze 
Sarirebulia ialbuzis qvezonis infrastruqturis kompleqsis qanebi da isini er-
Tad qmnian antiformul struqturas . 

dasavleTiT aRniSnuli antiklinuri struqtura rTuldeba meore rigis 
naoWebiT. buulgenis seriaze Sarirebuli ialbuzis qvezonis infrastruqtura 
kavkasionis mTavari qedis Crdilo ferdze, md. md. buulgenisa da Crdilo ptiSis 
wyalgamyofis raionSi bolovdeba sinformis saxiT (sur.2). rac Seexeba buulgenis 
seriis metamorfitebs – isini md.gonaCxiris marcxena SenakadebSi – CatCasa da 
buulgenSi mTlianad warmodgenilia kliCis wyebis amfibolitebiT. mxolod erT 
SemTxvevaSi, md. buulgenis xeobaSi, antiklinuri struqturis TaRSi gamoCndeba 
gvandris wyebis qarsiani fiqlebi. kidev ufro dasavleTiT kliCis wyebis amfibo-
litebis gamosavlebi itoteba da meore rigis naoWebSi gamodis. md. CrdiloeT 
ptiSis qveda da Sua welSi isini saerTod ar gvxvdeba. rogorc Cans, kliCis amfi-
bolitebi, iseve rogorc Sarirebuli infrastruqtura, ixureba buulgen-Crd. 
ptiSis wyalgamyofze, xolo dasavleTiT Canacvlebulia buulgenis seriis gvan-
dris wyebis metamorfitebiT (sur. 2). am movlenis gamomwvevi mizezi SeiZleba iyos 
naoWebis TaRebis azeveba da/an Rrma erozia.  

g.baranovi da s.kropaCovi exebian ra ialbuzis qvezonis metamorfitebis urTi-
erTdamokidebulebas, aRniSnaven, rom rogorc Cans infra – da suprastruqturis 
qanebs Soris teqtonikuri xasiaTis damokidebulebaa. 1980 wels ki g.baranovma 

ialbuzis qvezonis suprastruqturis metamorfitebi gamoyo ,,makeris teqtonikuri 
zewris” saxelwodebiT.  

1996 wels am sakiTxs mieZRvna e.gamyreliZis, d.Sengelias da g.WiWinaZis speci-
aluri statia, romelSic ,,makeris teqtonikur zewarSi” gaerTianebulia ialbuzis 
suprastruqturis yvela didi, Tu mcire zomis warmonaqmni. gamoTqmulia mosaz-
reba, rom isini Sarirebulia ialbuzis qvezonis infrastruqturaze samxreTidan – 
sauReltexilo qvezonidan da buulgenis seriis nawilebs miekuTvneba. 

yovelive zemoTqmulidan gamomdinare makeris seriis arsebobam dakarga safu-
Zveli, ramdenadac misi warmomadgenlebi SiSvldeba teqtonikurad gaTiSul or 
sxvadasxva struqturul-formaciul qvezonaSi. dRes am faqts aRiarebs m.sominic 
da is makeris seriaze da arkasaris wyebaze aRar miuTiTebs, Tumca gamoyofs maT 
gondarais (infrastruqtura) da makeris (suprastruqtura) kompleqsebis saxiT. 
m.somini Tvlis, rom es kompleqsebi odesRac erTiani struqturuli sarTulis 
wevrebs warmoadgenda. rac Cveni azriT Zneli warmosadgenia, ramdenadac am ori 
geologiuri sxeulis amgebi qanebis metamorfizmis xarisxSi Zalian didia gan-
sxvaveba, xolo maTi erTmaneTSi TandaTanobiTi gadasvla, an Sualeduri nawilis 
Tundac fragmenti, ialbuzis qvezonis farglebSi jer ar aris dafiqsirebuli. 

Cveni azriT gasarkvevia agreTve dombais wyebis sakiTxic, romelsac m.somini 
amjerad ganixilavs buulgenis kompleqsis (da ara seriis) SemadgenlobaSi. ro-
gorc cnobilia stratigrafiuli kodeqsis mixedviT, wyebis dasaxeleba unda mom-
dinareobdes geografiuli adgilmdebareobidan, sadac is aris gamoyofili. dombai 
mdebareobs kavkasionis Crdilo ferdze, md.Teberdas auzSi. iq gamomavali qanebi 
ki, romelsac m.somini ganixilavda daobais wyebis SemadgenlobaSi, rogorc irkve-
va miekuTvneba gvandris wyebas. 
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1976 wels md.gvandris marcxena Senakadis – sisinas xeobaSi Cvens mier gamoyo-
fil iqna sisinis wyeba. es aris ZiriTadad qarsiani fiqlebiT da paragneisebiT 
agebuli wyeba, romelic sruli TanxmobiT agrZelebs kliCis wyebas da Sesabamisad 
miekuTvneba buulgenis serias. 

dombais wyeba m.sominis  (Сомин, 1971) mixedviT, erTis mxvriv agrZelebs buul-
genis seriis Wrils, meores mxvriv ki, moicavs masTan SecdomiT gaigivebul gvan-
dris wyebas (kavkasionis Crdilo ferdi). amave dros aerTianebs sxvadasxva stru-
qturul-formaciul qvezonis warmomadgenlebs: buulgenis seriis Wrilis zeda na-
wils, ialbuzis qvezonis infrastruqturis Zlier metamorfizebul qanebs, xolo 
bolo monacemebiT arkasaris wyebas sauReltexilo qvezonaSi da ialbuzis qvezo-
nis suprastruqturas. yovelive am gaugebrobebis Tavidan acilebis mizniT, Cveni 
azriT, marTebuli iqneba, Tu dombais wyebas amoviRebT xmarebidan da buulgenis 
seriis Wrilis zeda nawils vuwodebT sisinis wyebas. 

SeiZleba iTqvas, rom mkvlevarTa umravlesobis azriT, buulgenis seria (kom-
pleqsi) Sedgeba sami nawilisgan. ar aris sadao maTi Tanmimdevrobac – gvandra, 
kliCi, sisina (dombai). rac Seexeba wyebebis urTierTdamokidebulebas – aq ki gark-
veuli azrTa sxvadasxvaobaa. erT nawils miaCnia, rom maT Soris damokidebuleba 
normalur – stratigrafiulia, meore nawilis ki Tvlis, rom is teqtonikuria. 
g.baranovi da d.kropaCovi (1976) kliCisa da gvandris wyebebis sazRvarze (md.kliCis 
da md.samxr. ptiSis xeobebSi) aRniSnaven serpentinitebis arsebobas, rac maTi az-
riT wyebebs Soris damokidebulebis teqtonikur bunebaze miuTiTebs. e. gamyreliZe 
da d.Sengelia Tvlian, rom kliCis wyebis metamorfitebi ofiolituri Wrilis na-
wilia da buulgenis metamorfuli kompleqsis SemadgenlobaSi warmodgenilia teq-
tonikuri zewris saxiT.  

   imisaTvis, rom sabolood gairkves kliCis ,,wyebis”, Tu ,,teqtonikuri zewris” 
amfibolitebis buneba, saWiroa damatebiTi, pirvel rigSi ki stratigrafiuli xasi-
aTis kvlevis Catareba.   

 
 

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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naSromSi ganxilulia mtkvrisa da araqsis SuamdinareTis teritoriaze ganviTare-

buli gviankainozouri efuziuri vulkanizmis xasiaTi, aqtiurobis pulsaciuri ciklebi, 
gavrcelebis arealebi da masStabebi stratigrafiuli TanamimdevrobiT. am mimarTulebiT 
kvlevebs da maT Semdgom gaRrmavebas safuZvlad daedo cnobili geologi-mkvlevarebis 
g.zariZis da n.TaTriSvilis (1944, 1944*, 1949) mecnieruli naSromebi. 

 
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 
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Abridged English Version 
M  
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, Iagludja, 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 Iukori-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.        
 
 
 
          regioni moicavs winaaziis vulkanuri mTisneTis aRmosavleT nawils, romelic 
morfografiulad warmoadgens farisebri struqturuli qedebis, zegnebis, mraval-
ricxovani centraluri poligenuri vulkanuri konusebis da eqstruziuli gumba-
Tebis, agreTve saSualomTiani lavuri platoebis da mTaTaSua qvabulebis erTo-
bliobas. teritorias drenirebas uwevs mdinare mtkvari da misi marjvena Semdi-
nare araqsi. geoteqtonikurad teritoria Sedis alpuri orogenuli sartylis Se-
madgenlobaSi da ukavia kavkasia-mcire aziis segmentis centraluri nawili. es uka-
naskneli moicavs msxvil geoteqtonikur erTeuls – arTvin-bolnisis belts da 
loqi-yarabaxis zonas (Гамкрелидзе, 2000). 
          reliefis Tanamedrove nakvTebis Camoyalibeba daiwyo neoteqtonikuri etapi-
dan (sarmatulidan), roca aRmavali teqtonikuri moZraobebis fonze aqtiurdeba 
subaeraluri vulkanizmi, romelmac moicva kavkasiis da wina aziis mTianeTis 
uzarmazari sivrceebi. regioni mdebareobs transkavkasiuri azevebis zolSi, rome-
lic vrceldeba stavropolis granitoiduli masivebidan (Crdilo kavkasia), kavka-
sionis centraluri segmentis gavliT, Zirulis masivze, javaxeTis vulkanur mTia-
neTze, aragac-iaRlujis (TurqeTi) masivebze TviT araratamde. (Милановский, Коро-
новский,1973). 
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     geomorfologiurad regioni warmodgenilia: meridionaluri mimarTulebis 
struqturul-vulkanogenuri qedebiT (arsianis, samsaris, javaxeTis, gukasianis da 
sxva); teqtonikiT da eroziiT gamoqandakebuli vulkanuri mTianeTebiT (eruSeTis, 
nialisyuris, Cildiris, ulgaris, iaglujas), maTze ganTavsebuli mravalricxovani 
makro da mezoreliefis mqone vulkanuri konusebiT da eqstruziuli gumbaTebiT 
(Tlili, gumbaTi, aladagi, siubxani, Rrmani, vanismTa da sxv.); saSualomTiani la-
vuri platoebiT (axalqalaqis, yarsis, loris da sxv.) da zegnebisaTvis dama-
xasiaTebeli mTaTaSua qvabulebiT, umetes SemTxvevaSi tbebiT da WaobebiT daka-
vebuli (Cildiris, faravnis, karwaxis, xanjalis, gelis, ardaRanis da sxv.). 
     regionis geologiur agebulebaSi dominireben gviankainozouri vulkanogenur 
-kontinenturi warmonaqmnebi. dReisaTvis dadgenilia ori msxvili cikli vulkanu-
ri aqtivobisa, romlebic jer kidev 1944 wels, Rrma analizis safuZvelze pirve-
lad gamoyo g.zariZem (Заридзе, 1944, 1944*). es Sexeduleba mogvianebiT dasabuTebul 
iqna l. maruaSvilis (1971), n. sxirtlaZis (1958), a. aslanianis (1958) da sxv. mier. 
     arealuri xasiaTis pirvel paroqsizms adgili hqonda miocenis bolosa da 
pliocenis dasawyisSi (sarmati-meotisi-ponti). vulkanebis moqmedebas akontroleb-
dnen kavkasiis mimarTulebis subganeduri da meridionaluri transzonaluri 
siRrmuli rRvevebi (Цагарели, 1966). Aarsianis, samsaris da javaxeTis qedebis Txeme-
bis Tanxvedrili mimarTulebis rRvevebma da mravalricxovanma, sxvadasxva mimar-
Tulebis napralovanma diziunqtiurma struqturebma mogvces vulkanogenuri for-
macia romelic litereturaSi cnobilia goderZis (voxCaberdis–somxeTSi, bin-
gelis–TurqeTSi) wyebis saxelwodebiT.  

mio-pliocenis efuziurma vulkanizmma moicva uzarmazari teritoriebi aWara-
TrialeTis naoWa sistemis samxreTiT arsebul zonaluri siRrmuli rRvevidan va-
nis tbis ganedamde. maTi gavrcelebis arealSi Sediodnen: arsianis, samsaris da 
javaxeTis qedebi, eruSeTis da aRmosavleT anatoliis mTianeTebi, md. araqsis, 
mtkvris da efratis auzebis zeda da Sua weli, ardaRanis, yarsis da axalqalaqis 
platoebi, gelis, faravnis, walkis qvabulebi, aragacis da araratis masivebis 
fuZe-sagebi. vulkanogenuri formacia warmodgenilia saSualo da mJave Sedgeni-
lobis tufobrekCiebiT, tufebiT, tufokonglomeratebiT, Sida formaciuli ande-
zituri lavebiT. somxeTisa da TurqeTis mTel rig raionebSi am naleqebs fuZeSi 
udevT normul-danaleqi qviSian-Tixiani an TabaSiris Semcveli naleqebi mtknari 
wylis fauniT. am naleqebis asaki zeda mioceni – qveda pliocenia (sarmati-meo-
tisi-ponti). radiologiuri asaki 5-7 mln. welia, Tumca araa gamoricxuli maTi 
ori-sami milioni wliT daZveleba (Асланян и др.1982; Baikal et al., 1961). md. kizil-
irmakis xeobaSi, sof. urgiupis raionSi mJave rioliTur tufebSi naxul iqna 
Hipparion gracite-s da Jirafis magvarTa kbilebi, romelTa meSveobiT tufebs aTari-
Reben ponturi asakis warmonaqmnebad. analogiuri warmodgenisa arian paleobota-
nikosebic romlebic diatomituri floris, maradmwvane mcenareebis mikro da mak-
ro fosiliebis Seswavlis safuZvelze goderZis uReltexilidan, qisaTibis diato-
mitis sabadodan, Siraqis qedis lignitis Sreebidan (somxeTi) da sxva adgil-
sapoveblebidan adastureben goderZis wyebis vulkanitebis mio-pliocenur asaks 
(Узнадзе, 1965). erT kilometrze meti simZlavris efuziuri masalis akumulaciam 
gamoiwvia antikavkasionis morfostruqturuli qedebis „dakonserveba“ da reliefis 
inversia. 

goderZis (voxCaberdis, bingelis) wyebis liTologiur WrilSi gamoiyofa 
ZiriTadad sami mZlavri fena (qvevidan zeviT): 
1. fsamituri tufebis, kristaloklasturi alevritul-pelituri tufebis da  

konglomeratebis morigeoba. zog adgilas naleqebis fuZeSi fiqsirdeba  
andezibazalturi da bazalturi lavebis ganfenebi. 

2. msxvilnatexovani tufobreqCiebis, tufokonglomeratebis da tufebis  morige-
oba, Sidaformaciuli andezituri ganfenebiT. 

3. andezidacituri da dacituri lavebi. 
magram aris zogi gamonaklisic vulkanogenuri naleqebis akumulaciuri cik-

lis TanamimdevrobaSi. mTel rig sinklinur an eroziul depresiebSi, vulkanuri 
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aqtivobis Sesustebisas yalibdebodnen tbiuri auzebi, sadac ileqeboda Tixian-di-
atomitiani, vulkanuri ferflis naleqebi (qisaTibi, sisiani da sxva). cnobilia, 
rom diatomitebi geneturad dakavSirebulni arian kaJmiwiT mdidar mJave vulka-
nitebis gavrcelebis adgilebTan  (Бальян, 1969). 

       goderZis wyebis vulkanitebi da maTi analogebi somxeTsa da TurqeTSi 
uTanxmod ganlagebulni arian gansxvavebuli asakis naleqebze – paleozouri 
naleqebidan Sua miocenuri zRviuri da lagunuri naleqebis CaTvliT. mio-plio-
cenis piroklasturi naleqebi avseben paleoreliefis uswormasworobas – Rrma 
eroziul xeobebs da denudirebul zegnebs. amis gamo naleqebis simZlavre merye-
obs 300-400 m-dan 1000-1200 m-de.   
    Ppirveli vulkanuri cikli mTavrdeba mJave andezidacituri da dacituri 
lavebis amonTxeviT zedapirze. isini ZiriTadad hqmnian eqstruziul gumbaTebs, 
Tumca maTi fuZidan, kritikuli simaRlis miRwevisas, gamoRvrili blanti lavebis 
urTierT SeerTebiT warmoiqmneba lavuri nakadebi, romlebic radialurad eSvebian 
da uTanxmod faraven wyebis piroklastur naleqebs. 
     Sua pliocenSi SeiniSneba vulkanuri aqtivobis Sesusteba. teqtonikuri moZra-

obebis fonze mimdinareobs goderZis wyebis vulkanitebis mier Seqmnili akumula-

ciuri (inversiuli) reliefis intensiuri eroziuli danawevreba da denudacia. am 
procesSi didi roli iTamaSa paleomtkvrisa da paleoaraqsis hidrografiulma 
qselma.  
     zeda plioceni. meore mZlavri cikli vulkanuri paroqsizmisa regionSi daiw-
yo zeda pliocenSi da moicva mTlianad meoTxeuli pariodi. vulkanebis aqtivobas 
akontrolebdnen yvela manamde arsebuli siRrmuli rRvevebi da axali napralo-
vani kerebi. yvelaferi daiwyo fuZe lavebis amoRvriT, romelTac Sua da zeda 
pleistocenSi Seicvala saSualo da mJave Sedgenilobis lavebi. gaCndnen axali 
centraluri poligeneri vulkanebi. 
     gviankainozouri vulkanizmis meore ciklSi, romelic aseve pirvelad gamo-
yofil iqna g.zariZis mier (1944*), Cven gamovyobT gankerZoebul qveciklebs – eo-
pleistoceni (afSeronuli sarTuli kaspiuri sqemiT), qveda, Sua da zeda ple-
istoceni. erTi SexedviT TiTqos es ciklebi xelovnurad aris gamoyofili, magram 
TviTeuli maTganis warmoCenas safuZvlad udevs regionSi mopovebuli paleonto-
logiuri, paleomagnituri, paleobotanikuri (palinologiuri), radiologiuri, li-
Tofacialuri, arqeologiuri masalebis analizi (Гамкрелидзе 1949, 1954; Адамия и 
др.1965; Векуа А., 1959,1987; Габуния, Буачидзе, 1970; Маисурадзе, Кулошвили, 1999; Маису-
радзе,1981;  Векуа Л. И др. 1982; Схиртладзе, 1958; Тутберидзе, 2004; Gogichaishvili et al. 1997; 
Maisuradze et al. 1989; Ferring et al. 1996). 

vulkanur ciklebs Soris gamorCeulia zed pliocenuri (aRCagiluri) – eo-
pleistocenuri (afSeronuli) impulsi askobrivi diapazoniT 3.5-0.8 mln.weli. am 
qveciklTan dakavSirebulia fuZe Sedgenilobis aradiferencirebuli magmis mZlav-
ri amofrqvevebi (bazaltebi, doleritebi, andezibazaltebi); yalibdebian vrceli 
lavuri platoebi (yarsis, axalqalaqis, loris, dmanisis) eroziuli da denudire-
buli paleoreliefis nivelirebis xarjze; Cndebian msxvili stratovulkanebi – 
aragaci, araileri, siubxani, nemrudi da sxvani.  vulkanizms arealuri xasiaTi 
hqonda. impulsebs Soris Sesvenebis periodebSi kompensaciur qvabulebsa da depre-
siebSi, lavebiT gadaxergil mdinareul velebze (reliefis uaryofiT formebSi) 
Cndebian tbiuri auzebi sadac ileqeboda Tixebi, diatomitebi, vulkanuri qviSa da 
gravelitebi.  

Amgvarad, zeda pliocensa da eopleistocenSi mZlavrobs bazalturi forma-
cia, lavebs Soris damarxuli tbiur-proluviuri naleqebiT, literaturaSi cno-
bilia rogorc axalqalaqis wyeba (saqarTvelo), gorisis, sisianis an sarikainis 
wyeba (somxeTi). TurqeTSi lavebi monawileoben yarsis zegan-vakis agebulebaSi, 
amdenad Cven maT pirobiTad vaerTianebT yarsis wyebaSi. Llavuri nakadebis saerTo 
simZlavre 30-dan 800 metramdea, xolo lavebsSorisi tbiuri naleqebisa 35-40 metri. 
axalqalaqis wyebis lavuri formaciis asaki  dadgenilia radiologiuri meTodiT 
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da varirebs 3.7-dan 0.8 mln.wlebs Soris (Маисурадзе и др., 1980; Camps et al.1996; Mai-
suradze et al., 1989). 

unda aRiniSnos, rom axalqalaqis (walka-axalqalaqis) wyebis da saerTod me-
oTxeuli lavebis stratigrafiul danawevrebas safuZveli Cauyara g.zariZis da 
n.TaTriSvilis (1948) aRmoCenam walkis qvabulSi (bedenis qedi), sadac lavebs So-
ris moqceul tbiur naleqebSi napovni iqna arqauli spilosa da stenonis cxenis 
kbilebi, romlebic m. burCak-abramoviCis mixedviT miekuTvnebian vilafrankul (af-
Seronul) sarTuls. Semdgomma kvlevebma (Векуа и др. 1985; Габуниа, Буачидзе, 1970; Габу-
ниа, Векуа, 1993; Schmincke, Bogard, 1995) gviCvena, rom bedenis WrilSi, diliskaSi, pata-
ra dmanisSi Seswavlili fauna habitusiT axlosaa evropis vilafrankul da ana-
toliaSi (TurqeTi) cnobil iokuri-siugiutonis faunebTan. gansakuTrebuli inte-
resis Rirsia patara dmanisis adgilsapovneli md.maSaveris xeobaSi, sadac tbiur-
proluviur naleqebSi arqauli, olduvais tipis qvargalebis gverdiT aRmoCenil 
iqna eopleistocenisaTvis damaxasiaTebeli ZuZumwovara cxovelTa umdidresi 
Zvlovani masala da rac mTavaria uZvelesi hominidebis, preistoriuli adamianis  
Homo ergaster-is da Homo geogicus-is Tavis qala. monapovris asaki 1.7-1.8 mln. welia.  

analogiuri TanamimdevrobiT mimdinareobs zeda pliocen-pleistocenuri 
vulkanebis aqtivoba somxeTsa da aRmosavleT anatoliis regionebSi. amA periodSi 
daiwyo dolerituli da andezibazalturi lavebis amoRvra aragacis da iSxansa-
ris masivebze, javaxeTis qedze, araratze da sxva. yvela SemTxvevaSi bazalturi 
lavebi kuTxuri uTanxmoebiT faraven goderZis wyebis tufogenur vulkanitebs. 
aragacis lavebi SiSvldebian md.axurianis xeobaSi.  

arpiliCis wyalsacavidan samxreTis mimarTulebiT md.axurianis gayolebiT, 
lavebi vrceldebian Siraqis qvabulis mimarTulebiT (giumris raioni) da iZirebian 
axalgazrda tbiur-aluviurinaleqebis qveS. dasavleTis mimarTulebiT                        
lavebi erwymian yarsis platos bazaltur ganfenebs. analogiuri suraTi gvaqvs 
araratis masivze (agri-dagi, 5165 m). vulkanis SefardebiTi simaRle fuZidan 
TiTqmis 4300 metria. Andezidacituri Sedgenilobis tufogenur safuZvels gars 
ertymis gansxvavebuli asakis andezibazalturi da bazalturi lavebi. uTuod aq 
monawileoben zeda pliocen-eopleistocenuri lavebic (yarsi-axalqalaqis wyeba) 
es lavebi faraven araratis da baiazeTis qvabulebSi  arsebul  tbiur-aluviur  
naleqebs. 

araratis grandiozuli vulkanuri masivis ferdobebi radialurad danawev-
rebulia mravali xeobebiTa da xramebiT. maT Soris gamoirCeva Rrma eroziuli xe-
oba akori, romelic hkveTs masivis Crdilo-aRmosavleT kalTas. mkvlevarebi miiC-
neven, rom xeoba teqtonikur-eroziuli warmoSobisaa, romlis mimarTulebac Tan-
xvdeba aRmosavleT anatoliis siRrmul rRvevas. Ffiqroben, rom akoris xeoba war-
moiSva mZlavri miwisZvris dros 1840 wels (g.abixi,1873) Tumca aseve arsebobs 
istoriuli monacemebi movses xorenacisa (Бальян,1969), romelic miuTiTebs katas-
troful miwisZvraze araratze, romlis drosac gaCnda akoris xeoba. es moxda 
Cveni welTaRricxviT 139 wels. xeoba warmoadgens bunebriv farvaters Rvarco-
fuli nakadebis transportirebisaTvis. 
     1840 wlis 20 ivnisis miwisZvram araratze gamoiwvia saSineli ngreva. ganad-
gurda qalaqi akori, didi zarali naxes qalaqebma: naxiCevanma, makum, ordubadma, 
Tebrizma da sxvebma. bevri mkvlevari fiqrobs, rom miwisZvra gamowveuli iyo ara-
ratze vulkanis amofrqveviT. magram uzarmazari kldezvavebi, Rvarcofuli zvinu-
lebi, gamozidvis konusebi gadaWedili akoris xeobis amgebeli qanebis natexi masa-
liT, unda miuTiTebdes aq arsebuli siRrmuli rRvevis gamococxlebaze, ramac 
gamoiwvia mZlavri miwisZvra. 
     araratis ferdobebze, 3000-4500 metris hifsometriul srtyelSi fiqsirdeba 
aTeulobiT parazituli vulkani, romlebic iZlevian muqi feris bazaltur la-
vebs. isini myinvaruli enebis msgavsad radialurad eSvebian vulkanis kalTebze, 
aRweven ra mTisZirebs da qvabulebs. 
     qveda pleistoceni – vulkanuri aqtivoba TandaTanobiT sustdeba. axal-
gazrda teqtonikuri moZraobebis fonze (valaxuri orofaza) mimdinareobs mTaTa-
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Sua qvabulebis – Siraqis (md. axurianis auzi), araratis, loris, marneulis daZir-
va. am moZraobebSi „CaTreul“ iqna axalqalaqis wyebis da misi analogi wyebebis 
lavuri ganfenebi. es ukanasknelebi aRmoCndnen 400 da meti simZlavris tbiur-
aluviuri da proluviuri naleqebis qveS „damarxulni“ (Церетели, 1966; Саядян, 1977).  

aragacis da araratis vulkanur masivebze am periods emTxveva saSualo da 
mJave Sedgenilobis lavebis amoRvra, xolo vardenisis da siunikis mTianeTebSi –
andezibazalturi lavebisa, romlebic avseben paleoxeobebs. 
     Sua-pleistocenSi kvlav ganaxlda andezidacituri da dacituri tufola-
vebis da ingimbritebis amofrqvevebi aragacze, andezibazalturi lavebisa ararat-
ze, gegamis, vardenisis da siunikis mTianeTebSi. Bbazalturi  lavuri nakadebi Cae-
dinebian mtkvris xeobaSi (centri xerTvisis cixis kvarcxlbeki) da javSnaven qveda 
da Sua pleistocenur mdinareul terasebs (Абих, 1902; Маисурадзе, 1981; Джигаури, 
1991). analogiuri lavebi md.md. masrikisa da jermukis xeobebSi aseve cokolur te-
rasebze arian ganlagebulni da avseben paleo xeobebs. 
     zeda pleistocenSi vulkanuri aqtivoba grZeldeba. samsaris qedis Crdilo  
periferiul nawilSi gaCndnen centraluri vulkanebi TavkveTila (2585m) da Savna-
bada (2929m), TrialeTis qedis Crdilo ferdobze, Tanamedrove bakurianis teri-
toriaze, muxeras vulkanuri centridan iRvreba andezituri lava, romelic Tavqve 
eSveba mtkvris xeobaSi da q. borjomTan javSnavs 20-25 metris simaRlis zeda-
pleistocenur mtkvris cokolur terasas. javaxeTis qedze andezitur, andezida-
citur lavebs iZlevian poligenuri vulkanebi emlikli (3054m), dalis mTa (2914m) 
da sxvebi. maT aerTianeben keCuTis wyebis saxelwodebis qveS (Харазян, 1966; Дзоценид-
зе и др. 1975). somxeTis teritoriaze zeda pleistocenuri vulkanizmi SedarebiT 
Zlieri iyo. vulkanuri ferflis, tufebis da artikis tipis tufolavebis amofr-
qvevas adgili hqonda aragacze (4090m). am droisaTvis damaxasiaTebelia andeziba-
zalturi lavebis amoRvra golgaTis, manTaSis da sxva vulkanebidan. savaraudoa 
parazituli vulkanebis aqtivoba araratzedac. 
     holocenuri vulkanizmis Sesaxeb damajerebeli faqtiuri masala regioni-
saTvis ar mogvepoveba. magram tufogenuri masalis arseboba mocemuli asakis tera-
sebze unda miuTiTebdes vulkanebis aqtivobaze am dros. g.abixis, m. neimairis, 
f.osvaldis, r.fiuronis (Абих, 1873; Неймайр, 1902; Освальд, 1915; Фюрон, 1955), arasruli 
informaciiT aRmosavleT anatoliis umsxvilesi vulkanebi – Tondureki (3542m), 
nemrudi (3050), ararati (5165m) holocensa da istoriul periodSi amJRavnebdnen 
eqsploziur aqtivobas. lavebis ukanaskneli amoRvra nimrudze dafiqsirebulia 
1441 wels.  
                         L    
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naleqebis terigenuli mineralogiis kvlevebiT dadginda am naleqebis mkvebavi wyaro-

ebi: auzis Crdilo-dasavleTidan kavkasionis arqipelagi, samxreTidan raWa-vandamis kordi-
liera da sedimentaciuri auzis geoantiklinebis danaleqi safari, aseve sinqronuli vul-
kanizmis piroklasturi masalis wyaro.     

 
Теригенная минералогия верхнеюрско-меловых флишевых отложений Восточного бассейна 

Окраиного моря Большого Кавказа (Грузия).  Э. Варсимашвили. Министерство просвещения и науки 
Грузии.  ЮЛОП Институт геологии А. Джанелидзе, Тбилиси 0171, ул. М.Алексидзе 1/9. 
E-mail: v.endi@yahoo.com.  

Исходя из исследований терригенной минералогии установлены источники сноса этих отложений: с 
северо-запада – Большекавказский архипелаг, с юга – Рачинско-Вандамская кордильера и внутрибассейновые 
геоантиклинали как и источник пирокластического материала синхронного вулканизма. 

 
   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.   
 

 
  liTologiis erT-erT mniSvnelovan problemas warmoadgens danaleqi qanebis 

mineralogiuri  Sedgenilobis, formirebisa da Secvlis Taviseburebebis Seswavla 
maTi arsebobis sxvadasxva etapze – dawyebuli naleqdagrovebidan (sedimentgenezi-
sidan) – damTavrebuli siRrmuli karagenezisiT sxvadasxva struqtururli erTe-
ulis pirobebSi. 

  terigenuli mineralogiis Seswavla saSualebas iZleva dadgindes sakvlevi 
obieqtis amgebi qanebis qanmaSeni mineralebi, maTi gamofitvis xarisxi, ganisazRv-
ros naleqdagrovebis garemos hdrodinamikuri pirobebi da maTi gavlena  
transportirebul masalaze (damrgvaleba, gardaqmna da a.S.), agreTve, dajgufdes 
mineralebi gansazRvrul paragenetul asociaciebSi dedaqanebis tipebis dasadge-
nad (Flores, 1967). mis safuZvelze SesaZlebeli xdeba terigenul-mineralogiuri pro-
vinciebis gamoyofa, romelTa konfiguracia damokidebulia dedaqanebis gavrcele-
bis farTobze da klasturi mineralebis gafantvis arealze. 

  terigenuli mineralogiis Seswavlis masalebis analiozs didi mniSvneloba 
aqvs agreTve, gazis da navTobis koleqtorebis gamosolvis zonebis prognozirebi-
saTvis da praqtikuli Sedegebis misaRwevad ufro detaluri Zebna-ZiebiTi samuSa-
oebis Casatarebeli perspeqtiuli raionebis dadgenisaTvis. 

  zemoT aniSnuli kvlevebi saSualebas iZleva dadgindes Seswavlili naleqe-
bis mkvebavi wyaros (an wyaroebis) adgilmdebareoba da ragvaroba (Semadgenloba). 

zemoaRniSnulidan gamomdinare, kavkasionis kidura zRvis “aRmosavleTi au-
zis” (saqarTvelos farglebSi) zedaiuruli da carculi fliSuri naleqebis qan-
maSeni da aqcesoruli mineralebis raodenobrivi Sedgenilobis da ragvarobis 
Seswavla am naleqebis ufro detaluri kvlevebis Catarebis saSualebas iZleva. 

aRniSnuli naleqebis mineralogiuri analizis SedegebiT dadginda, rom 
aRniSnuli formaciis Semadgenel qanebSi mZime fraqciebi (xv. w. >2.83 – 3) mcire 
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raodenobiTaa warmodgenili (Cveulebriv procentis meaTedi nawiliT, iSviaTad 
aRwevs mTel procents); kerZod, zedaiurul karbonatul fliSSi – karbonatul 
wyebaSi mZime fraqciebi umniSvnelo raodenobiTaa (<0.1%) warmodgenili; aRmaval 
WrilSi maTi raodenoba izrdeba da maqsimums (3%) aRwevs terigenul fliSSi – 
fasanauris wyebaSi.zeda horizontebSi (aptSi da albSi) kvlav mZime fraqciebis 
kleba aRiniSneba; zedacarcul naleqebSi ki maTi raodenoba iSviaTad scildeba 
0.2 – 0.3% farglebs. 

mZime fraqciebi ZiriTadad warmodgenilia madneul da mdgrad mineralTa aso-
ciaciiT. madneulSi gairCeva: piriti, markaziti, limoniti, magnetiti. mdgrad mine-
ralTa asociacia warmodgenilia cirkoniT, turmaliniT da titanis Semcveli mine-
ralebiT (rutili, anatazi, brukiti). SedarebiT iSviaTad gvxvdeba korundi, apati-
ti, derniti, silimaniti, baritebi, fluoriti, Spineli, qarsebi, qloriti da 
karbonati. 

sakvlevi neleqebis msubuqi fraqciebi(xv.w. <3-2.83) Sedgeba kvarcis, mindvris 
Spatebis, muskovitis, sericituli agregatebis, Tixuri mineralebis, kalcitisa da 
naxSiris nawilakebisagan. 

madneuli mineralebis raodenoba mZime fraqciaSi saSualod 47-76%-ia, zog-
jer 90-98%-sac aRwevs. maT Soris yvelaze metad gavrcelebulia piriti (pirit-mar-
kaziti). naklebad gvxvdeba limoniti, iSviaTad magnetiti. 

piriti ZiriTadad meoradi warmoSobisaa, warmodgenilia rogorc kristaluri 
ise konkreciebis saxiT. kristaluri piriti kargad ganviTarebuli heqsaedruli, 
oqtaedruli da pentagondodekaedruli kristalebis saxis gvxvdeba. heqsaedrul 
waxnagebze umetesad SeimCneva daStrixva. warmodgenilia konkreciuli piriti cal-
keuli msxvili da mcire konkreciebisa da maTi druzebis saxiT. zogjer piritTan 
erTad warmodgenilia qarsi da kalciti, romelTa gamoCena Cveulebriv dakavSi-
rebulia konkreciul piritTan. aseT SemTxvevaSi piritis marcvals ori mxridan 
aReniSneba Ria feris qarsis an kalcitis konusismagvari “wanazardebi”. 

magnetiti SedarebiT iSviaTad gvxvdeba; warmodgenilia umetesad oqtaedruli 
kristalebis saxiT, iSviaTad usworo formis natexebiT, ufro iSviaTad – miwi-
sebri agregatebiT; ZiriTadad an nawilobriv galimonitebulia. limoniti umetesad 
warmoSobilia piritisa da magnetitis xarjze. madneuli mineralebis marcvlis 
zoma meryeobs 0.05-0.2 mm-is farglebSi. 

terigenuli qanebis aqcesoruli mineralebi odiTgan farTod gamoiyeneboda 
mkvebavi wyaros Semadgeneli qanebis indikatorebad. am mineralebiT adgenen sedi-
mentaciis pirobebs. kerZod, eroziuli procesebis Taviseburebebs, masalis trans-
portirebisa da daleqvis pirobebs. 

  aqcesoruli mineralebis Seswavla mimarTulia maTi ZiriTadi damaxasiaTebe-
li niSnebis gamosavlenad, romlebic geologiuri procesebis indikatorebad SeiZ-
leba iqnas gamoyenebuli. aseTebs miekuTvneba upirvelesad aqcesoruli kristalo-
morfologiuri Taviseburebani. tipomorful Tvisebad SeiZleba CaiTvalos kris-
talTa habitusi, forma da maTi kombinacia, waxnagis zedapirebi, kristalTa sidi-
de, sxvadasxva wanazardebi, zogierTi defeqti kristalTa waxnagebze da sxv. Aqce-
sori mineralebis kristalomorfologiuri Taviseburebani SeiZleba gamoyenebul 
iqnes Semcveli qanebis petrogenezisis Seswavlisas, magmuri, metamorfuli da da-
naleqi qanebis korelaciis dros, mineralwarmoSobis garemos gamokvlevisas, mine-
ralebis gamoyofis drois dasadgenad da sxv. 

  bolo xanebSi, geologiis problemebis gadawyvetisas sul ufro xSirad 
Cndeba Sromebi mineralogiuri Seswavlis “cirkonis” meTodis didi SesaZleblo-
bebis Sesaxeb. es meTodi aRniSnuli naleqebis kvlevaSi gamoyebuli TiTqmis ar yo-
fila (garda amave kompleqsSi Semavali terigenuli fliSis kvlevebisa) (Варсима-
швили Э. 2005). amitom zemoT aRniSnuli fliSuri kompleqsis mineraluri Sedgeni-
lobis Seswavlisas gansakuTrebuli yuradReba eqceoda cirkonebs. es ukanaskneli 
Seswavlil naleqebSi mdgradi mineralebidan yvelaze didi gavrcelebiT sargeb-
lobs. mZime fraqciaSi misi raodenoba 5-12%-ia; zogjer 30-49%-s aRwevs. Karbona-
tul fliSSi 3-5%-ia, terigenulSi – 15-12%-ia, zedacarculSi 4-8%. gvxvdeba am 
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mineralis Semdegi morfologiuri tipebi: natexebi, damrgvalebuli marcvlebi, 
romlebSic gairCeva mTlianad damregvalebuli _ kvercxis, an iSviaTad burTis-
magvari (sur. 1–18) da nawilobriv damgvalebuli formebi romelzec waxnagebi jer 
kidev kargad aris gamoxatuli xolo wiboebi da wveri aramkveTria, gansakuTrebiT 
bipiramidis wveroebia momrgvalebuli (sur. 1-16,17). 

cirkonis kristalebi orgvaria – prizmuli da izometruli; prizmulSi gair-
Ceva – mokleprizmuli c/b = 1 – 2 (sur. 1_1, 2, 3), grZelprizmuli c/b = 2 – 3 (sur. 1_7, 8, 
9) da nemsiseburi c/b = 4 (sur. 1_13) formebi. Seswavlil naleqebSi gabatonebulia 
mokle da grZelprizmuli kristalebi, nemsiseburi ki naklebad gvxvdeba. cirkonis 
prizmuli kristalebi xasiaTdeba martivi kristalografiuli formebiT, romelTa 
Soris gvxvdeba /110/ da bipiramida /111/. zogierTi KristalisTvis damaxasiaTebelia 
bazaluri pinakoidi /001/, romelic bipiramidis wveroebs kveTs (sur. 1_5, 8, 6, 22). 
   cirkonis izometruli kristalebi warmodgenilia umetesad mokle prizmebis 
saxiT; rogorc Cans aseTi saxis kristalebis damuSavebis Sedegia cirkonis zemoT 
aRniSnuli kvercxisa da burTismagvari formebis arseboba. aRsaniSnavia, rom, 
erTidaigive nimuSSi gvxvdeba cirkonis rogorc kargad ganviTarebuli prizmuli 
kristalebi, ise damrgvalebuli _ kvercxisa da burTismagvari marcvlebi, cir-
konis zogierT marcvals axasiaTebs zonaloba (sur. 1_ 21, 22, 23) da Seicavs tur-
malinis, rutilis, gazis (an siTxis) da cirkonisave CanarTebs (sur. 1_1, 5, 8, 9, 10, 
14, 15, 21, 23). iSviaTad gvxvdeba cirkonis mrCoblebi, romlebic prizmis paralelu-
rad, marTobulad an bipiramidis waxnagebiT arian Sezrdili (sur. 1_19, 20).  
   zemoT aRniSnuli yvela saxis cirkoni ZiriTadad ufero an odnav moyviTa-
loa; iSviaTad gvxvdeba moyavisfroda mura feris; sakvlev fliSur naleqebSi cir-
konis Seswavlilitipebis ganawilebis ganxilvisas yuradRebas ipyrobs is garemoe-
ba, rom vertikalur WrilSi (gansakuTrebiT terigenul fliSSi) cirkoni rao-
denobrivad marcvlis sididis, wagrZelebisa da Sefervis mixedveT TiTqmis erT-
gvarovania. Tu ganvixilavT cirkonis kristaluri formebis da damrgvalebuli 
marcvlebis vertikalur WrilSi gavrcelebas, Semdeg kanonzomiereba SeiniSneba _ 
qveda horizontebSi meti raodenobiT gvxvdeba cirkonis damrgvalebuli marcvle-
bi, ufro zeviT _ fasanauris wyebis Sua nawilSi, TiTqmis Tanabari raodenobiTaa 
warmodgenili damrgvalebulica da kristaluri formebic; zeda horizontebSi ki 
gabatonebulia cirkonis dakuTxuli marcvlebi. 

Seswavlil naleqebSi cirkonis sxvadasxva tipebis arseboba imaze unda miuTi-
Tebdes, rom maTi momcemi dedaqanebi sxvadasxvagvari iyo. vvaraudobT, rom sa-
Sualoprizmuli da wagrZelebuli kristalebis momcemi wyaro granitoidebi iyo, 
mokleprizmuli habitusis _ dioitebi da diorite _ porfiritebi; cirkonis 
damrgvalebuli marcvlis forma ki, rogorc Cans, nawilobriv masalis gadaleqvis 
dros damuSavebis Sedegia da maT momcem wyaros danaleqi formacia unda warmo-
adgendes. ar gamovricxavT magmur dedaqanSi damrgvalebuli saxis cirkonis 
arsebobasac.  

Seswavlili fliSuri kompleqsi cirkonebis tipomorfuli saxesxvaobebis 
kvlevas arsebiTi mniSvneloba aqvs am naleqebis mkvebavi wyaros Sedgenilobis gan-
sazRvrisas. cirkonebi SeiZleba gamoyenebul iqnes agreTve mikrokorelativebad 
kavkasionis kidura zRvis “aRmosavleT auzis” zedaiurul-carculi fliSuri 
naleqebis (saqarTvelos farglebSi) danawilebis da koreleciisas. 

Seswavlili naleqebis aseve TiTqmis mudmivi Semadgeneli komponentia turma-
lini, romelic mZime fraqciaSi saSualod 2-7%mde gvxvdeba, zog SemTxvevaSi 18%-
sac aRwevs. es minerali ZiriTadad dakavSirebulia qviSaqvebTan da alevroliteb-
Tan, iSviaTad gvxvdeba pelitoliTebSic. turmalini warmodgenilia rogorc kar-
gad ganviTarebuli prizmuli kristalebis (sur. 2_1, 2, 3, 4), ise bolomotexili an 
mocveTili prizmuli (sur. 2_5, 6) da metnaklebad izometruli kvercxismagvar 
formamde damrgvalebuli marcvlebis saxiT (sur. 2_7, 8, 9). turmalinis prizmul 
kristalebze umetesad ganviTarebulia (0110)da (1120) sibrtyeebi, romlebTanac 
kombinaciaSi xSirad gvxvdeba prizmebi ufro rTuli indeqsiT. gvxvdeba agreTve 
kristalebi trigonaluri piramidebis waxnagebiT _ (1011), (0221). turmalinis marc-
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valTa sidide 0.06-0.5 mm fargelebSi meryeobs. maTi umravlesoba Seicavs CanarTebs. 
CanarTebi ZiriTadad muqi ferisaa, gaumWvirvale, Cveulebriv usworo formis laqe-
bis saxiT, iSviaTad cirkonisa da rutilis wvrili nemsiseburi kristalebis saxi-
Taa warmodgenili. isini umetesad kristalis centrSia moTavsebuli, ufro iSvi-
aTad ki mTel marcvalSia gabneuli. feris mixedviT gairCeva turmalinis Semdegi 
saxesxvaobebi: moyavisfro-yviTeli, momwvano-mura da lurji turmalinebi. (es 
ukanaskneli iSviaTad gvxvdeba).  

 
 

 

 
 

sur. 1. cirkonebis morfologiuri tipebi 
 

 
 
moyavisfro-yviTeli turmalinis kristalTa habitusi umetesad mokle prizmu-

lia (c/b = 1 – 2), romelic zogjer kargad ganviTarebul trigonaluri bipiramidiT 
aris daboloebuli (sur. 2_1, 11), zogjer ki erTi bolo piramidiT aris Semofar-
gluli, meore _ monoedriT (sur. 2_3). gvxvdeba orive mxares monoedriT dabolo-
ebuli prizmuli kristalebic (sur. 2_2, 4). momwvano-mura feris turmalinebi met-
wilad grZelprizmuli marcvlebis saxiTaa warmodgenili. kristalTa formebi mo-
yavisfro-yviTeli turmalinebis msgavsia da SedarebiT iSiaTad gvxvdeba. lurji 
turmalinebis marcvlis forma umetesad usworoa da ZiriTadad prizmuli krista-
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lebis natexebia. aRweril turmalinebs Caqroba swori aqvT, wagrZeleba uaryofi-
Ti.  

 

 
 
 

nax. 2.  turmalinis morfologiuri tipebi 
 

 
rogorc zemoT iyo aRniSnuli, Seswavlil naleqebSi turmalini warmodgeni-

lia rogorc damuSavebuli, ise sustad damuSavebuli da TiTqmis daumuSavebeli 
kristalebis saxiT. mis safuZvelze am mineralis momcemi ori wyari SeiZleba 
dauSvaT: SedarebiT daumuSavebeli turmalinebi granituli qanebis, damuSavebuli 
ki _ danaleqi kompleqsis gadarecxvis Sedegad unda iyo miRebuli. 

Seswavlil naleqebSi gvxvdeba autigenuri warmoSobis turmalini. Mminerali 
yviTeli ferisaa: axasiaTebs susti pleoqroizmi da SedarebiT dabali interfere-
nciis ferebi (No = 1.655+0.001; Ne=1.633+0.001;  No – Ne =0.022). gardatexis maCveneblis 
mixedviT mineral dravits miekuTvneba. warmodgenilia TiTqmis srulkristaluri 
formebiT _ kristalebs grZelprizmuli habitusi aqvs da bolovdeba umetesad bi-
piramidiT; xSirad erTi ganviTarebuli boloTi dazrdilia kvarcis marcvalze an 
organul masaze (sur. 2_10, 11, 12, 13). gvxvdeba agreTve turmalinis terigenul 
marcvalze autigenuris Semozrdac (sur. 2_14). aseTive dabali temperaturisa da 
wnevis pirobebSi warmoSobili turmalinebi saqarTveloSi aRwerili aqvs d. Senge-
lias (1963) darialis xeobis liasur qviSian Tixa-fiqlebSi da m. beriZes (1965) 
mTis raWis iuruli asakis aspiduri seriis monawile yvela tipis qanebSi. 

sakvlevi fliSuri kompleqsis naleqebSi titanis mineralebian warmodgenilia 
rutili, anatazi, brukiti da leikoqseni, romelTa procentuli Semcveloba saSua-
lod 1-3%-ia; iSviaTad aRwevs 21%-s. rutili muqi yviTeli, an moyavisfro yviTeli 
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mokle da grZelprizmuli kristalebis da kristalTa natexebis saxiT gvxvdeba 
sur. 3). iSviaTad warmodgenilia muxliseburi an gulismagvari mrCoblebi (sur. 
3_8, 9, 10, 11) da kargad damuSavebuli marcvlebi (sur. 3_12). prizmul kristalebs 
xSirad aReniSneba C RerZis paraleluri, zogjer ki iribi daStrixva. kargad da-
culi kristalebi umetesad warmodgenilia prizmisa da tetragonaluri bipirami-
dis kombinaciiT (sur. 3_3, 5). rutilis zog marcvals axasiaTebs susti pleo-
qroizmi. marcvlis zoma 0.05 – 0.4 mm-ia. xSirad qloritis an biotitis furclebSi 
rutilis badiseburi mrCobluri Senazardebi _ sagenitebi aRiniSneba. rutilis 
uwrviles nemsebs Seicavs terigenuli fliSis pelitoliTebis umetesi nawili. 

 
 
 

 
 

nax. 3.  rutilis morfologiuri tipebi 
 
 
          anatazi gvxvdeba kargad ganviTarebuli prizmuli, an firfitis magvari kris-
talebisa da maTi natexebis saxiT (sur. 4_1, 2, 3, 4). prizmuli kristalebi wamod-
genilia prizmisa da bazopinakoidis kombinaciiT. iSviaTad SeimCneva sustad 
ganviTarebuli tetragonaluri bipiramida. zogjer gvxvdeba uwesrigod Sezrdili 
mrCoblebi. anatazis feri Ria yviTlidan moyviTalo yavisframde cvalebadobs. 
xSirad muqi feris gaumWvirvale leikoqsenis masaze dazrdilia anatazis kargad 
ganviTarebuli kristalebi (sur. 4_6). amis gamo savaraudoa, rom am naleqebSi ana-
tazebis nawili autigenuri warmoSobisaa. 

titanis mineralebidan SedarebiT iSviaTad gvxvdeba brukiti. warmodgenilia 
moSavo an muqi yavisferi, gaumWvirvale usworo natexebis saxiT (sur. 4_5). aseve 
iSviaTad gvxvdeba leikoqseni, romelic rogorc zemoT iyo aRniSnuli ZiriTadad 
aRwerili madneuli mineralebis xarjzea warmoSobili (sur. 4_6). Seswavlili 
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titanis mineralebi TiTqmis yovelTvis erTad gvxvdeba da umetesad qviSaqvebSi. aq 
isini xSirad Sreebrivobis paralelurad erT zolzea ganlagebuli. 

 
 
 
  

 
 

nax. 4. anatazi 1 _ 4, brukiti _ 5, leikoqseni _ 6 
 
 

sakvlevi regionis zedaiurul da carcul fliSur naleqebSi mcire raodeno-
biT warmodgenilia minerali apatiti (<1%). yvelaze metad gavrcelebulia qveda 
carcis zeda horizontebSi (aptSi da albSi) da zeda carcis qveda nawilSi 
(senomanSi da turonSi). rogorc Cans, am mineralis gamoCena dakavSirebulia alb-
senomanuri vulkanizmis procesebTan. apatitis Semcveloba mZime fraqciaSi saSua-
lod 7%-ia, sporadulad aRwevs 28%-s (Wrili md. jejoraze). 

apatiti ZiriTadad warmodgenilia gamWvirvale kristalebis saxiT umetesad 
motexili daboloebebiT (sur. 5_1-7). naklebad gvxvdeba TiTqmis izometruli 
marcvlebi, romlebic sustad damuSavebulia; iSviaTad warmodgenilia saRi kris-
talebic, romlebzedac kargad gairCeva heqsagonaluri prizmebis da bipramidis 
kombinacia. minerali gamWvirvalea, iSviaTad gvxvdeba sustad SeRebili pleo-
qrouli marcvlebiT. 

aRniSnul naleqebSi apatitis jgufis mineralebidan gvxvdeba derniti (natri-
umiani apatiti) saSualod 8%-mde, zogjer aRwevs 29%. warmodgenilia moyviTalo 
feris prizmuli kristalebiT (sur. 5_8 - 14). axasiaTebT eqvskuTxa bazaluri kve-
Tebi, xorklani zedapiri, swori Caqroba (an Caqrobis mcire kuTxe). am mineralis 
arseboba Seswavlill naleqebSi dagenilia speqtraluri da rentgenostruq-
turuli analizebiT. mineralis marcvlebs kargad emCneva meqanikuri damuSaveba. 

korundi gvxvdeba mxolod zedaiurul da qvedacarcul naleqebSi 1%-mde, 
zedacarcul qanebSi TiTqmis ar aris. warmodgenilia maxvilkuTxa usworo formis 
01 _ 04 mm sididis natexebis saxiT. Cveulebriv sustadaa Seferili momwvano an 
moyviTalo ferebSi. zogjer uferoa, gaumWvirvale. gvxvdeba kargad gamoxatuli 
niJarisebuli monatexis mqone marcvlebi. 

granati Seswavlil naleqebSi iSviaTad gvxvdeba. SedarebiT xSirad SeimCneva 
zedacarculi naleqebis aRmosavleT WrilebSi, saSualod 3%-mde. warmodgenilia 
momwvano feris usworo formis natexebiT, damaxasiaTebeli niJarismagvari monate-
xiT da qimiuri gaxsnis safexurismagvari formebiT. zoma 02 _03 mm-ia. 
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zedacarcul naleqebSi, gansakuTrebiT senomanSi da turonSi Cndeba minerali 
bariti. warmodgenilia ufero, tkeCvadobis sibrtyis firfitebis saxiT, damaxasi-
aTebeli xorkliani zedapiriT da wertilovani CanarTebiT. 

  fluoriti dafiqsirebulia mxolod zedacarcul turonul naleqebSi (md. 
aryalas xeobis WrilSi). warmodgenilia ufero, usworo, niJariseburi monatexis  
marcvlebiT, iSviaTad gvxvdeba sworkuTxovani an kubismagvari formebi. krista-
lebSi xSirad SeimCneva uwvrilesi kristalebis, gazisa da siTxis buStebis 
CanarTebi. 

Jinval_gomboris geoteqtonikur qvezonaSi zedacarcul yvela wyebaSi met-
naklebi raodenobiT (15%-mde) warmodgenilia piroqsen-amfibolebi. am mineralebis 
mniSvnelovani raodenoba dakavSirebuli unda iyos alb-senomanuri vulkanogenuri 
warmonaqmnebis gadarecxvasTan da nawilobriv sinqronuli vulkanizmis masalis 
motanasTan. 

 
 

 
 

nax. 5.  apatiti 1 _ 7, derniti 8 _ 14  
 
 

piroqseni warmodgenilia momwvano feris kritalTa natexebiT, romlebsac 
axasiaTebT maRali interferenciis ferebi da Caqrobis didi kuTxe. isini ZiriTa-
dad saRia, zogjer ki mniSvnelovnad gaepidotebuli, iSviaTad gaqloritebuli, ga-
piritebuli an galimonitebuli. 

rqatyuara dakbiluli da usworo formis momwvano kristalebis natexebiTaa 
warmodgenili; iSviaTad gvxvdeba prizmuli kristalebi; umetesad saRia, gvxvdeba 
gaqloritebuli an opacitizirebuli. 

qarsebi (muskoviti, qlorit-muskoviti da umniSvnelo raodenobiT biotitic) 
da qloriti sakvlev naleqebSi ZiriTadad autigenuri warmoSobisaa, amitom maTi 
ganawileba WrilSi ramdenadme Taviseburia. zog SemTxvevaSi maTi maqsimaluri 
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raodenoba Wrilis gansazRvrul nawilTan aris dakavSirebul, zogjer ki mcire 
raodenobiT gvxvdeba mTel WrilSi. isini gansakuTrebiT farTedaa gavrcelebuli 
gardamaval da terigenuli fliSis wyebebSi.  

karbonati xSired dakavSirebulia karbonatul qanebTan da warmodgenilia 
karbonat-limonituri masebiT. mZime fraqciaSi isini gansazRvrulia rogorc side-
riti da ankeriti. warmodgenilia wvrili romboedrebis saxiT; maTi raodenoba 
zogjer aRwevs 60%-s.  

amrigad, sakvlevi naleqebis mZime fraqciis minraluri asociaciebis xasiaTi 
imaze miuTiTebs (Варсимашвили Э. 1973), rom Seswavlilli fliSuri naleqebis 
ZiriTadi mkvebavi wyaroebi unda yofiliyo mJave substrati, agebuli granito-
idebiTa da metamorfuli qanebiT da fiqlebiTa da qviSaqvebiT agebuli danaleqi 
kompleqsi, razedac miuTiTebs mdgradi mineralebis gazrdili Semcveloba. 

rogorc zemoT iyo aRniSnuli, Seswavlili naleqebis msubuqi fraqciebi (xv. 
w. <3 – 2.8) ZiriTadad Sedgeba kvarcis, mindvris Spatebis, muskovitis, sericituli 
agregatebis, Tixuri mineralebis, kalcitisa da naxSiris nawilakebisagan. 

kvarci da mindvris Spatebi, romlebic mTavar qanmaSen mineralebs warmoad-
genen sxvadasxva marcvlovani qanebisaTvis mniSvnelovan rols TamaSoben danaleqi 
qanebis warmoSobis pirobebis aRdgenaSi da gadarecxvis wyaros dadgenaSi. 

Seswavlili danaleqebis Semadgeneli kvarcis damaxasiaTebeli niSnebia da-
kuTxuli da dakuTxul-damuSavebuli marcvlis forma (zogjer damuSavebulia 
mrgval formamde). gvxvdeba ZiriTadad Rrubliseburi an talRovani CaqrobiT. 
naklebadaa warmodgenili am mineralis mozaikuri saxesxvaobebi da marcvlebi 
normaluri _ swori CaqrobiT. Cveulebriv isini gamWvirvale arian da Seicaven 
uwvriles CanarTebs. aRsaniSnavia, rom Seswavlili naleqebis vertikalur WrilSi 
da gavrcelebaze kvarcis marcvlebis ganawilebis kanonzomiereba ar aRiniSneba. 
damaxasiaTebeli niSnebis mixedviT es minerali ZiriTadad granitoiduli qanebis 
gadarecxvis Sedegad unda iyos miRebuli. SesaZloa maTi nawilis momcemi wyaro 
ZarRvuli an metamorfuli warmonaqmnebic iyos. gvxvdeba meoradi gadaleqvis masa-
lac, rasac psamituri qanebis Seswavlis Sedegebic adasturebs. 

sakvlev naleqebSi mniSvnelovani gavrcelebiT sargeblobs mindvris Spatebi. 
isini warmodgenilia mJave plagioklazebiT _ albitiTa da albit-oligoklaziT. 
fasanauris wyebis naleqebSi warmodgenilia agreTve kaliSpati, romelic umetesad 
mikroklinia, iSviaTad orToklazi.  

cnobilia, rom mindvris Spatebi magmuri, metamorfuli da danaleqi qanebis 
qanmaSen mineralebs miekuTvneba. isini damaxasiaTebelia sxvadasxva Sedgenlobis 
granitoidebisTvis, sienitebisTvis da saSualo Sedgenilobis efuzuri qanebisa-
Tvis. farTo gavrcelebiT sargeblobs metamorfizmis sxvadasxva stadiaze ganviTa-
rebul metamorful qanebSic _ dawyebuli mwvane fiqlebiT da filitebiT da dam-
Tavrebuli mindvris Spatiani amfibilitebiTa da gneisebiT. 

Seswavlili regionis zedaiurul-carculiEfliSuri naleqebis mineraloguri 
da petrografiuli kvlevebis Sedegad dadgenilia Semadgenel marcvlovan qanebSi 
nivTierebis ganawilebis gansxvaveba (WrilSi qvemodan zeviT) da gamoyofilia mine-
ralogiul-petrografiuli asociaciebi, romlebic damaxasiaTebelia aRniSnuli 
kompleqsis gansazRvruli horizontebisaTvis (Варсимашвили Э. 1973). gamoyofili 
mineralogiul-petrografiuli asociaciebi erTmaneTisagan ZiriTadad gansxvavdeba 
SedgenilobiT da qanmaSeni komponentebis: kvarcis, mindvris Spatis da qanis nate-
xebis raodenobrivi TanafardobiT. asociaciebis gamoyofisas yuradReba eqceoda, 
agreTve, qviSaqvebis, alevriliTebis da pelitoliTebis Semadgeneli mZime fraqci-
is aqcesoruli mineralebis Taviseburebebs. 

amgvarad, Seswavlili zedaiurul-carculi fliSuri naleqebis mineralogi-
urma analizma dagvanaxa, rom maTi mZime da msubuqi fraqciebi metnaklebad erTgva-
rovania; maTi raodenoba WrilSi izrdeba ZiriTadad qvevidan zeviT (albur drom-
de). rogorc mosalodneli iyo qvedacarculi terigenuli fliSi (hotrivul-bare-
muli) xasiaTdeba mdgradi mineralebis maqsimaluri raodenobiT da mravalsaxe-
obiT. Seswavlil regionSi zedacarcul droSi, Tu ar CavTvliT vulkanogenur-
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danaleqi warmonaqmnebis sporadul gamosavlebs, sedimentaciur auzSi ZiriTadad 
karbonatuli naleqebi grovdeboda, romlebSic arakarbonatuli terigenuli masa-
la umetesad minarevebis saxiTaa warmodgenili. sakvlevi regionis zedaiurul-qv-
edacarculi fliSuri naleqebis nivTieri Sedgeniloba da mineralogiuri asocia-
ciebis xasiaTi imaze miuTiTebs, rom maTi momcemi wyaro Crdilo-dasavleTiT kav-
kasionis ReZul nawilSi gaSiSvlebuli kristaluri substratis mcire kunZulebi 
unda yofiliyo, romlebic ZiriTadad granitoiduli qanebiTa da metamorfuli 
kompleqsoT iyo agebuli da romelTa mravalmxrivi detaluri petrologiuri 
kvlevebis Sedegebi q-n. n. TaTriSvils da b-n. g. zariZes mraval fundamentalur 
SromaSi aqvT gadmocemuli; es Sromebi samagido wignad moiazreba geologebis 
dRevandel TaobaSic. aseTive masalas am dros rogorc Cans iZleoda sedimen-
taciuri auzis samxreTiT arsebuli raWa _ vandamis (Маисадзе Ф. 1999) kordilierac. 
ZemoT aRniSnuli mdgradi mineralebis siWarbe ki imaze miuTiTebs, rom fliSuri 
kompleqsis warmoqmnaSi danaleqi qanebis gadanarecxi masalac iRebda aqtiur mona-
wileobas, romelTa momcemi wyaro rogorc Cans, auzSi ganviTarebuli Sida geo-
antiklinebi unda yofiliyo. 

zedacarculi fliSuri klastoliTebis Seswavlili nivTieri Sedgeniloba 
da mineralogia safuZvels iZleva vivaraudoT, rom am naleqebis mkvebavi wyaro 
ZiriTadad kvlav mJave substrati da danaleqi kompleqsia. mkvebavi wyaros adgl-
mdebareobis Sesaxeb faqtiuri masalis analizi saSualebas iZleva vivaraudoT, 
rom mJave substrati (granitoidebi da efuzivebi) sedimentaciuri auzis samxre-
TiT, naleqdagrovebis zonasTan axlos iyo ganlagebuli. iqve gaSiSvlebuli unda 
yofiliyo liasuri danaleqi _ qviSaqva _ Tixafiqlebiani wyebiT agebuli Sida 
geoantiklinebis xmeleTic. zedacarcul auzSi granitoiduli masalis garkveuli 
raodenoba SesaZloa zemoT aRniSnuli ufro Soreuli, Crdilo-dasavleTiT mdeba-
re masalis wyarodanac Semodioda. savaraudoa, rom am periodSi baiosuri porfi-
rituli wyebis gadarecxvis produqtebi auzSi ZiriTadad samxreTidan da samxreT-
dasavleTidan Semodioda. amave mimarTulebiT SeiZleba vivaraudoT zedacarculi 
sinqronuli vulkanizmis piroklasturi masalis wyaros mdebareobac. 
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saqarTvelos bunebrivi mosapirkeTebeli qvebis potencialis sruli warmoCinebis da 
sabazro urTierTobebSi CarTvis mizniT, aucilebelia sabadoTa gadafaseba da iseTi Ro-
nisZiebebis Catareba, romelic uzrunvelyofs marTvis dinamikuri sistemis orientirebul 
muSaobas da gaiTvaliswinebs momxmareblis realur survil-moTxovnebs da sanedleulo 
bazis sawarmoo da gasaRebis SesaZleblobebs. 
 

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.  

 
Природные облицовочные камни в  Грузии. В. Гелеишвили. Кавказский институт минерального 

сырья им. Александра Твалчрелидзе, ул. Палиашвили 85, 0162 Тбилиси, Грузия. E-mail: k-e-l@posta.ge 
Для полного представления потенциала природных облицовочных камней Грузии и включения их в 

рыночные отношения необходима переоценка месторождений и проведение таких мероприятий, которые 
обеспечат ориентированную работу динамической системы правления и предусмотрят реальные потребности 
пользователя и производительные и реализационные возможности сыревой базы.  
 

 
             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. 

 
  
   saqarTvelos samrewvelo mniSvnelobis sasargeblo wiaRiseuls Soris bune-
briv mosapirkeTebel qvebs mniSvnelovani adgili ukaviaT. qveyanas maTi Seswavlis, 
mopovebis da gadamuSavebis didi gamocdileba gaaCnia. isini saukuneebis ganmavlo-
baSi farTod gamoiyenebodnen rogorc saerTo ise saeklesio mSeneblobaSi, dRes 
am masalebis SerCeva gansakuTrebiT aqtualuria qveyanaSi farTod gaSlili saek-
lesio samSeneblo da aRdgeniTi samuSaoebisTvis. 
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saqarTveloSi bunebrivi mosapirkeTebeli qvebis samasamde sabado da madan-
gamovlinebaa cnobili, maTi saerTo Rirebuleba oc miliard aSS dolaramdea, da-
matebiT sainteresoa axali saavtoro informaciebi mosapirkeTebel masalebad axa-
li, aratradiciuli qanebis (dacitebi, rioliTebi, granitebi da sxva) SesaZlo 
gamoyenebis Sesaxeb. aqve unda aRiniSnos, rom adre warmoebaSi namyofi sabadoebis 
nawili, masiurad gamoyenebuli burRva-afeTqebebis Sedegad, nawilobriv daziane-
bulia – maTi Semdgomi eqspluataciisaTvis aucilebelia damatebiTi geologiur-
teqnologiuri samuSaoebis Catareba. 

saqarTvelos bunebrivi mosapirkeTebeli qvebis potencialis sruli warmoCi-
nebis da sabazro urTierTobebSi CarTvis mizniT, aucilebelia sabadoTa gadafa-
seba da iseTi RonisZiebebis Catareba, romelic daaregulirebs am dargSi saqmiano-
bis srul cikls marketingidan produqciis gasaRebamde, uzrunvelyofs marTvis 
dinamikuri sistemis orientirebul muSaobas, gaiTvaliswinebs momxmareblis rea-
lur survil-moTxovnebs da sanedleulo bazis sawarmoo da gasaRebis SesaZleb-
lobebs. 
     arsebuli koniunqturis gaTvaliswinebiT SeiZleba umokles droSi masiurad 
Seiqmnas qvis mompovebeli da saqarxno damuSavebis mcire da saSualo sawarmoebi, 
riTac dasaqmdeba adgilobrivi mosaxleoba, qveyana ki miiRebs mniSvnelovan Semo-
savlebs. 
     saqarTvelos samrewvelo mniSvnelobis sasargeblo wiaRiseuls Soris samSe-
neblo da mosapirkeTebel masalebs gansakuTrebuli adgili ukaviaT. maTi mopove-
bis da gadamuSavebis didi gamocdileba gagvaCnia. marmariloebi, teSenitebi, ba-
zaltebi da sxv. didi raodenobiT gaqondaT yofil sabWoTa kavSiris respubli-
kebSi, gansakuTrebiT ruseTis federaciaSi, sadac qarTuli masalebiT mopirkeTe-
bulia mravali Senoba-nageboba. es masalebi saukuneebis ganmavlobaSi farTod ga-
moiyeneboda rogorc saero ise saeklesio mSeneblobaSi. 
     samSeneblo da mosapirkeTebeli masalebis SerCevis, mopovebisa da gadamuSave-
bis sakiTxebi gansakuTrebiT aqtualuria qveyanaSi farTod gaSlili saeklesio 
aRdgeniTi da samSeneblo samuSaoebisTvis. 
     maTze gansakuTrebiT didi moTxovnilebaa saerTaSoriso proeqtebis (abreSu-
mis gza, navTobisa da gazsadenebi da sxv.) infrastruqturis ganviTarebaSi. 
     dReisaTvis saqarTveloSi mosapirkeTebeli da samSeneblo qvebis 260-ze meti 
sabado da madangamovlinebaa cnobili. maT Soris: granituli qanebis-39 (graniti-9, 
dioriti-7, sieniti-3, gabro-17, teSeniti-4), vulkanuri qanebis-113 (tufi-39, bazalti-
31, fonoliTi-1, daciti-4, andeziti-9, doleriti-5, diabazi-18, porfiriti-5, rioli-
Ti-1), danaleqi da metamorfuli qanebis-108 (marmarilo da marmarilosebri kirqva-
57, fiqali-1, kirqva-38, liTografiuli qva-2, qviSaqva-9, TabaSiri-1). 
     01.01.2008 wlis monacemebiT saxelmwifo balansze iricxeba 82 sabado saerTo 
samrewvelo maragebiT -170 mln.m3. maTgan 17 warmoadgens granitoidebs, romelTa 
saerTo samrewvelo maragi 8,9 mln.m3; 5 sabado warmodgenilia tufuri qanebiT, sae-
rTo samrewvelo maragebiT- 18,9 mln.m3; 3 sabado warmodgenilia teSenitebiT, saer-
To samrewvelo maragebiT- 6,2 mln.m3; 15 sabado warmodgenilia marmariloTi da 
marmarilosebri kirqvebiT, saerTo samrewvelo maragebi- 51,3 mln.m3; 42 sabado war-
modgenilia andezit-bazaltebiT, saerTo samrewvelo maragebiT- 84,7mln.m3. 
     80-ian wlebSi saqarTveloSi wliurad moipoveboda daaxloebiT 1,5 mln.m3 mo-
sapirkeTebeli qvebi, romelTa damuSavebis Sedegad miiReboda produqciis Semdegi 
saxeobebi: blokebi (blokianobis gamosavali 10-30%-is farglebSi), filebi (file-
bis gamosavali 1m3 blokidan 6-18 m2 farglebSi) bordiurebi, kibis safexurebi (ga-
mosavali 1m3 blokidan 10-15 grZivi/metri), dekoratiuli RorRi (gamosavali 70-80%-
is farglebSi). aRniSnuli cifrebi mosapirkeTebeli qvebis mompovebeli da gada-
mamuSavebeli sawarmoebis uaRresad dabal teqnikur-teqnologiur aRWurvilobaze 
miuTiTeben. – aucilebelia am tipis sawarmoebis teqnikur-teqnologiuri gadaiara-
Reba. 
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     aRsaniSnavia rom, masiurad gamoyenebuli burRva-afeTqebebis Sedegad warmo-
ebaSi myofi sabadoebis nawili dazianebulia da maTi Semdgomi eqspluataciisa-
Tvis aucilebelia damatebiTi geologiur-teqnologiuri samuSaoebis Catareba. 
     gansakuTrebiT sainteresoa axali saavtoro informaciebi mosapirkeTebel ma-
salebad aratradiciuli qanebis (dacitebi, rioliTebi, granitebi da sxva) Sesa-
Zlo gamoyenebis Sesaxeb. 
     mosapirkeTebeli qvebis potenciali saqarTvelos mineraluri resursebis 
saerTo potencialis daaxloebiT 20%-s Seadgens da Sesabamisad ramodenime aTeu-
li miliardi aSS dolaris Rirebulebisaa. 
     miuxedavad saqarTveloSi dawyebuli samSeneblo bumisa, samSeneblo da mosa-
pirkeTebeli masalebis mopoveba da damuSaveba SemTxveviT xasiaTs atarebs. mxo-
lod calkeuli mrewvelebi axerxeben mcire, ZiriTadad adgilobrivi SekveTebis 
Sesrulebas. qveyana kargavs mniSvnelovan Semosavlebs, adgilobrivi mosaxleoba 
ki dausaqmebelia. praqtikulad ar arsebobs am Rirebulebebis bazrisaTvis SeTa-
vazebis meqanizmi. am wiaRiseulis efeqturi komercializaciisaTvis aiculebelia 
mas Tanamedrove samonitoringo saSualebebis da makroekonomikuri analizis gamo-
yenebiT zusti faseulobiTi gamosaxuleba mieces da saTanado reklamireba gae-
wios. 
 

saqarTvelos mosapirkeTebeli qvebis potencialis sruli warmoCinebis da 
sabazro urTierTobebSi CarTvis mizniT, aucilebelia iseTi RonisZiebebis Cata-
reba romelic daaregulirebs am dargSi saqmianobis srul cikls marketingidan – 
produqciis gasaRebamde, uzrunvelyofs marTvis dinamiuri sistemis orientirebul 
muSaobas, gaiTvaliswinebs momxmareblis realur survilsa da moTxovnebs da 
sanedleulo bazis sawarmoo da gasaRebis SesaZleblobebs. 

aucilebelia momzaddes saqmiani winadadebebi wiaRiseulis maragebis, Semcve-
lobebis, nivTieri Sedgenilobis Tu gavrcelebis kanonzomierebis Sesaxeb, maTi 
mopovebisa da gadamuSavebis arsebuli teqnologiebis da gamoyenebis sferos 
Sesaxeb. 

unda momzaddes masalebi mosapirkeTebeli qvebis calke saxeobaTa da konkre-
tul sabadoTa bukletebis da albomebis, videoklipebis da sxv. damzadebis da 
gavrcelebisaTvis, saerTaSoriso gamofena-gayidvaSi aqtiuri monawileobisaTvis. 

mosapirkeTebeli qvebis farTo speqtri (260-ze meti gamovlineba) da maTze 
Segrovili monacemebi, saSualebas iZleva Seiqmnas qviuri masalis mdidari koleq-
cia Sesabamisi serTifikatiT (pasportiT) da gamoices maRali poligrafiuli da 
mecnieruli donis albomebis seria, romlebic miawodeben ra amomwurav infor-
macias, Seqmnian karg sainvesticio garemos saqarTvelos samSeneblo masalebis 
industriaSi. 

arsebuli koniunqturis gaTvaliswinebiT SeiZleba Seiqmnas qvis mompovebeli 
da saqarxno damuSavebis mcire da saSualo sawarmoebi. xolo saTanado daintere-
sebis SemTxvevaSi mokle vadaSi amuSavdeba dargSi amJamad gamouyenebeli simZlav-
reebic (sadac TandaTan moxdeba arsebuli teqnikisa da teqnologiebis axliT 
Secvla), Seiqmneba konkurentunariani iaffasiani masalebis farTo speqtri. 
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saqarTvelos bunebrivi mosapirkeTebeli qvebis fotoebi 
 
 

 

 
bazaklo – tufi 1 bazaklo – tufi 2 

 
 
 
 

 

 
bazaklo – tufi 3 bazaklo – tufi 4 

 
 
 
 

 

sairme – tufiti loqi – porfiriti 
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namonastrevi – sieniti 

 

  
loqi – graniti 

 
 
 

 

 
dariali – graniti 

 

 
Talaveri – riodaciti 

  

 
 

 
qv. bolnisi – daciti 

 
SroSa – gamarmariloebuli kirqva 
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analitikuri monacemebis safuZvelze ganxilulia Zirulis kristaluri masivis alpu-

riswina metabazitebis petroqimiur-geoqimiuri Taviseburebebi da dadgenilia maTi petro-

geneturi saxeobebi. 
 

Петрогеохимические особенности доальпийских метабазитов Дзирульского кристаллического мас-

сива (Кавказ, Грузия). Т. Н. Цуцунава, Л. Г. Шубитидзе, К. С. Чихелидзе, К. Т. Тедлиашвили. Министер-
ство просвещения и науки Грузии. ЮЛОП Институт геологии им. А.Джанелидзе, Тбилиси 0171, ул. М.Алек-
сидзе, 1/9. E-mail: l_shubi@yahoo.com 

 На основе аналитических данных рассмотрены петрогеохимические особенности доальпийских метаба-
зитов Дзирульского кристаллического массива (Черноморско-Большекавказский террейн, Кавказ) и установ-
лены их петрогенетические типы. 

  
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: l_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, Pl+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: Hblgreen.+Pl±Cum±Cpx±Hblbrown, Grt+Bt+Cum+Hbl+Pl, Hblgreen.+Ep+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 II 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 Al2O3 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 II 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 II generation are CaO depleted and enriched with K2O, but MnO and K2O 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+Pl±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)n  and ( La/Yb)n  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 III 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 Al2O3, CaO and RE and 
REE is increased, TiO2  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 – Hblbroun +Pl±Cpx, Hblbrownish-green.+Pl±Bt, Hblgreen.±Bt±Qtz. Tskheti-
jvari gabbro outcrop is represented by gabbro and gabbro-diabases, with characteristic parageneses - 
Pl+Cpx±Hbl, Pl+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)n  da (La/Yb)n 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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Zirulis masivi warmoadgens Savi zRva - centraluri amierkavkasiis tereinis 
centraluri nawilis alpuriswina kristaluri fundamentis sakmaod did Sverils. 
uaxlesi monacemebiT (Гамкрелидзе, Шенгелиа, 2005), kristaluri masivi agebulia: kamb-
riuliswina gneisur-migmatituri kompleqsiT, sami saxvadasxva generaciis metabazi-
tebiT da kvarcian-diorituli orTogneisebiT; kambriuli asakis meoTxe generaciis 
metabazitebiT; gvianbaikaluri (?) plagiogranit-granituli seriis granitoidebiT; 
gvianvariskuli granituli gneisebiT da granitebiT. am ukanasknelSi SemorCenilia 
e.w. CorCana-uwlevis aloqTonuri kompleqsis fragmentebi, romlebic warmodgeni-
lia sxavadasxva asakis apoterigenul-vulkanogenuri qanebis firfitebiT da maT-
Tan asocirebuli kambriuliswina-paleozouri(?) asakis metaofiolitebiT. Zirulis 
masivis oTxi generaciis alpuriswina metabazitebis asakobrivi dayofa efuZneba 
maT urTierTobas kvarcian-dioritul gneisebTan da plagiogranit-granituli se-
riis qanebTan (sur. 1). 

 
  

 
 
sur. 1. Zirulis kristaluri masivis amgebi qanebis urTierTdamokidebulebis principu-

li sqema (Гамкрелидзе, Шенгелиа, 2005). 1–rioliTuri tufebi (gvianvariskuli); 2–kaliumiani 
granitebi (gvianvariskuli); 3–plagiogranit–granituli seria (gvianbaikaluri); 4–gabro-di-
orit–kvarc-diorituli seria (gvianbaikaluri); 5–kvarcian-diorituli orTogneisebi (baika-
luri); 6–gabroidebi (gviankambriuliswina); 7–gneisur-migmatituri kompleqsi (grenviluris-
wina); 8–melanokratuli fundamenti (CorCana-uwlevis kambriuliswina aloqTonuri kompleq-
sis metaofiolitebi). wreebSi - bazitebis I, II, III da  IV generaciebi. 

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, II, III and IV generations of basites. 

 
I generaciis metabazitebs miekuTvneba CorCana-uwlevis aloqTonur kompleqs-

Tan asocirebuli serpentinitebi, amfibolitebi, amfiboliani fiqlebi, metdiabaze-
bi da gabro-diabazebi. aRniSnuli metabazitebi warmoadgens Zveli okeanuri fun-
damentis reliqtebs da erTiandeba ofiolitur kompleqsSi (Гамкрелидзе и др., 1979, 
1981; Закариадзе и др., 1993, 1998; Gamkrelidze, Shengelia, 1998; Гамкрелидзе, Шенгелиа, 2001). 
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serpenttinitebSi dadgenilia harcburgituli (iSviaTad dunituri) protoliTi, 
xolo amfibolitebis mTavari mineraluri paragenezisebia7: Pl+Hbl+Qtz±Ep, Pl+Hbl±Sf, 
Pl+Hbl±Cum, Grt+Hbl+Ep,. aqve aRvniSnavT, rom Zirulis masivis serpentinitebi “qveda-
paleozour ofiolitebis serias” pirvelad g. zariZem miakuTvna (Заридзе и др., 1965). 
metaofiolitebis gamosavlebi dafiqsirebulia mdinareebis WeraTxevis, lopanis-
wylisa da ninisisxevis xeobebSi. metabazitebis asakis gansazRvris Sm/Nd izotpuri 
meTodiT miRebulia, rom T=810±100 mln.w. (Закариадзе, и др. 1998). 

II generaciis metabazitebi mniSvnelovan rols TamaSobs gneisur-migmatituri 
kompleqsis SemadgenlobaSi. maT gancdili aqvs polimetamorfizmi (grenviluri, 
gvianbaikaluri da gvianhercinuli etapebi) da amitom pirveladi magmuri struqtu-
ra maTSi ar SemorCa (Гамкрелидзе, Шенгелиа, 2005). isini gneisobriobis Tanxvdenili 
amfibolitebis da amfiboliani fiqlebis budinirebuli sxeulebis saxiTaa warmo-
dgenili plagio- da granitogneisebSi da migmatitebSi; sxvadasxva sididis reliq-
tebis saxiT gxvdeba, agreTve kvarcian-dioritul gneisebSi. g. zariZisa da n. TaT-
riSvilis mixedviT (Заридзе, Татришвили, 1959) amfibolitebi warmoiSva bazituri Sed-
genilobis Sreebrivi sxeulebis lavebis da piroklastoliTebis metamorfizmis 
Sedegad. p. kilasonias (Киласония, 1965),  m. abesaZisa da g. cimakuriZis (Абесадзе, Ци-
макуридзе, 1976) mixedviT, amfibolitebis sawyisi qanebi fuZe magmatitebia. amfiboli-
tebsa da amfibolian fiqlebSi dadgenilia rogorc prograduli regionuli meta-
morfizmis – Hblmwv. +Pl±Cum±Cpx±Hblmura, Grt+Bt+Cum+Hbl+Pl, aseve diaftorezis – 
Hbllurj-mwv.+Ep+Ab+Act±Chl±Bt±Qtz±Ka±Sf Sesabamisi mineraluri paragenezisebi. 

III generaciis metabazitebis SedarebiT did gamosavlebs miekuTvneba SroSis, 
lomisas, vaSlevuris, xelmosmulas, dumalas da dedaberas metagabroidebis gamo-
savlebi (Хуцишвили, 1991, Гамкрелидзе, Шенгелиа, 20041,2). es qanebi geologiuri, petro-
logiuri da mineralogiuri TvalsazrisiT kargadaa Seswavlili (Киласoния, 1944, 
1950, 1973; Чихелидзе, 1948; Заридзе, Татришвили, 1953; Заридзе, 1970; Абесадзе, Цимакуридзе, 
1976; Гамкрелидзе, Думбадзе, 1985; Хмаладзе, Чихелидзе, 1987; Хуцишвили, 1991, 1993; Одикадзе, 
1969, 1998; Чихелидзе, 1998). gabroidebze kvarciani dioritebis an granitebis zemoqme-
debis Sedegad SeiniSneba maTi gardaqmna tipiur kontaqtur migmatitebad an maTi 
plagiogranitizacia da mikrokliknizacia. gabroidebi umetesad SemTxvevaSi Semc-
veli kvarc-diorituli gneisebis Tanxvdeniladaa dagneisebuli. maTTan geneturad 
dakavSirebulia erTeuli santimetrebidan ramdenime metramde simZlavris diabazu-
ri, diabaz-porfirituli, gabro-porfirituli da gabro-pegmatituri daikebi da 
ZarRvebi. metagabroidebi ikveTeba granituli pegmatitebiT da aplitebiT. sakvanZo 
mineraluri paragenezisebia: Hbl+Pl±Qtz, Hbl+Bt+Pl±Qtz±Ksp, Cpx+Hbl+Pl, Cpx+Hbl+Bt+Pl, 
Hbl+Cum+Pl+Qtz. aRniSnuli generaciis metabazitebs gancdili aqvs gvianbaikaluri 
da gvianvariskuli metamorfizmi. 

IV generaciis metabazitebi warmodgenilia md. gezrulas xeobis da sof. cxe-
Tisjvris masiuri an dafiqlebuli gabroebiT, gabro-diabazebiT da diabazebiT. ge-
ologiuri interpretaciiT metabazitebis asaki kambriulia, radgan isini kveTs kam-
briuliswina kvarc-dioritul gneisebs, xolo Tavis mxriv ikveTeba gvianbaikaluri 
plagiogranit-granodiorituli seriis granitoidebiT da gvianvariskuli gra-
nitebiT (Гамкрелидзе, Шенгелиа, 2005). aRniSnul qanebs gancdili aqvs gvianbaikaluri 
da gvianvariskuli metamorfizmi. md. gezrulas xeobis metabazitebi warmodgeni-
lia masiuri teqsturis gabro-dioritebiT, romelTa magmuri stadiis mineraluri 
paragenezisia – Hblmura+Pl±Cpx, Hblmura-mwv.+Pl±Bt, Hblmwv.±Bt±Qtz. cxeTisjvris gabros ga-
mosavali warmodgenilia gabroebiT da gabro-diabazebiT, romelTa damaxasiaTebe-
li mineraluri paragenezisebia – Pl+Cpx±Hbl, Pl+Hbl±Bt±Sf. cxeTisjvris amfiboliani 
gabros asaki mineraluri izoqronis mixedviT Seesabameba 607±78 mln. wels (Закари-
адзе и др., 1998). 

                                                
7 mineralTa miRebuli simboloebi:AAb-albiti, Act-aqtinoliti, Bt-biotiti, Chl-qloriti, 
Cpx-klinopiroqseni, Cum-kumingtoniti, Ep-epidotic, Grt-granati, Hbl-rqatyuara, Ka-
karbonati, Ksp-kaliumis mindvris Spati, Pl-plagioklazi, Qtz-kvarci, Sf-sfeni. 



169 
 

Tu gaviTvaliswinebT, rom Zirulis kristalur masivSi zemoT aRniSnul meta-
gabroidebTan erTad didi gavrcelebiT sargeblobs maTi gagranitebuli saxesxva-
obebic, maSin savsebiT dasaSvebia maTi mniSvnelovani roli masivis variskulamde-
li fundamentis agebulebaSi (Заридзе, Татришвили, 1953). 
 
metabazitebis petroqimia da geoqimia 

 
Zirulis kristaluri masivis alpuriswina metabazitebis petroqimiur-geoqi-

miuri analizebi Catarda aleqsandre janeliZis geologiis institutis fizikuri 
da qimiuri kvlevis laboratoriaSi da zalcburgisa (avstria) da kingstonis (di-
di britaneTi) universitetebis laboratoriebSi. kvlevis Sedegebi motanilia  
cxrilebSi, diagramebsa da spaidergramebze. 

Al2O3-FeO*+TiO2-MgO diagramaze I generaciis metbazitebi Tavsdeba maRalmagni-
umiani toleitis velSi, xolo II, III da IV generaciis metabazitebi ki _ kirtute, 
maRalrkinian da maRalmagniumian velebSi (sur. 2). 

 
 

 
sur. 2. Al2O3-FeO*+TiO2-MgO fardobis diagrama (Jensen, 1976). 

TR-toleituri rioliTi, TD-toleituri daciti, TA-toleituri andeziti, CR-kirtu-
te rioliTi, CD-kirtute daciti, CA-kirtute andeziti, CB-kirtute bazalti, HFT-maRal-
rkiniani toleiti, HMT-maRalmagniumiani toleiti, BK-bazalturi komatiiti, PK-peridoti-
tuli komatiitebi. pirobiTi aRniSvnebi: O-I generaciis metabazitebi; �-II generaciis meta-
bazitebi; � - III generaciis metabazitebi; +, X – IV generaciis metbazitebi.  

 
Zr/4 – Nb*2 – Y diagramaze I da II generaciis amfibolitebis figuruli niSnebi 

Seesabameba okeanuri qedebis bazaltebisa (N-MORB) da Sidafilaqnuri tute ba-
zaltebis (WPA) velebs, xolo III da IV genarciis metabazitebi ki _ okeanuri qede-
bis bazaltebisa (P-MORB) da vulkanuri kunZulTa rkalis (VAB) velebs (sur. 3).  

I generaciis metabazitebi kataklazebuli da intensiurad metamorfizebulia 
da amitom, maTSi pirveladi magmuri mineralebi ar gvxvdeba. maTi qimiuri da geo-
qimiuri Sedgeniloba motanilia cxrilebSi 1 da 2. aRniSnuli metabazitebi Zalian 
mdidaria iSviaTi miwebiT da titaniT, rac gamoixateba Th/La (0.15-0.19), Th/Sm (0.54-
0.72), Th/Yb (0.59-1.82), Zr/Y (2.2-7.3), Ti/Zr (0.13-1.07) fardobebis matebaSi da Raribia Zn, Ni 
da Cr (ix. cxr. 2.). es qanebi maRalTixamiwiani da saSualomagneziuri rigisaa.  I ge-
neraciis metabazitebSi dadginda ori petroqimiur-geoqimiuri jgufi – iSviTmiwa 
elementebiT gaRaribebuli da amave elementebiT gamdidrebuli. iSviaTmiwa elemen-
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tebis jami metabazitebis am elementebiT Zlier gaRaribebul saxeobebSi tolia - 
15.97, xolo gamdidrebulSi ki – 157.12. spaidergramaze fiqsirdeba Rb da Nb-is dade-
biTi minimumebi (nax. 4). petroqimiur-geoqimiuri maxasiaTeblebiT I generaciis meta-
bazitebi N- da T-MORB-Tan aris identificirebuli.  

 

 
 

sur. 3. Zr/4 – Nb*2 – Y diagrama (Meschede, 1986). 
P-MORB, N-MORB – okeanuri qedebis bazaltebi, VAB – vulkanuri rkalis bazaltebi, WPA– 
Sidafilaqnuri tute bazaltebi, WPT – Sidafilaqnuri toleitebi. pir. niSnebi ix. sur.1.  

 
 

cxrili 1 

 
I generaciis amfibolitebisa da metagabro-metadiabazebis qimiuri Sedgeniloba (mas.%) 

Composition of amphibolites and metagabbro-metadiabases of I generation (mas. %) 
 

elem./Elem. Aamfibolitebi/amphibolites metadiabazebi/metadiabases 
№ 03-33 03-37 47-84 57-84 49-84 50-84 58-84 59-84 

SiO2 49.65 50.97 48.38 48.30 47.46 49.40 49.48 49.98 
TiO2 0.51 2.02 1.78 1.63 1.03 0.96 1.50 1.64 
Al2O3 16.37 14.77 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 7.31 
CaO 11.22 9.06 9.72 9.68 8.48 8.44 10.21 9.16 
Na2O 2.68 2.94 2.99 3.13 2.67 2.73 2.51 3.35 
K2O 0.69 1.61 0.44 0.48 0.69 1.18 0.72 0.62 
P2O5 0.03 0.37 0.21 0.18 0.13 0.11 0.19 0.20 
CO2 - - 0.74 0.77 0.41 0.37 0.24 0.20 
H2O - - 2.98 3.45 4.05 3.30 1.76 1.82 
Σ 99.60 99.86 99.59 99.94 99.33 99.13 99.04 99.20 

XMg 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 

 

 
nimuSebi #47-84, 57-84, 49-84, 50-84, 58-84, 59-84 aRebulia g. zaqariaZis da sxv. (Закариадзе и 

др. 1998) Sromidan. 
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II generaciis metabazitebSi petroqmiur-geoqimiuri monacemebis mixedviT gamo-
iyofa metabazitebis ori jgufi: 1 – iSviaTmiwa elementebiT SedarebiT gamdidre-
buli da SedarebiT maRalTixamiwiani da 2 – iSviaTmiwa elementebiT gaRaribebuli 
da saSualoTixamiwiani (cxr. 2 da 3). aRniSnul qanebSi SedarebiT momatebulia Ti 
da Zr, rac TvalsaCinoa Zr/Y (3.65-4.54) da Ti/Zr (0.21-0.27) TanafardobebSi, xolo Th/La 
(0.05-0.94), Th/Sm (0.17-0.36) da Th/Yb (0.6-0.76) TanafardobebSi am elementebis Semcve-
loba normulia. II generaciis metabazitebi dabalmagneziuri rigis qanebia. I jgu-
fis metabazitebSi iSviaTmiwa elementebis jami tolia 108.25, II jgufisaSi ki – 41.65. 
spaidergramaze xazebis odnavi uTanxmoebaa, SedarebiTi Tanxmoba mxolod Dy-Lu in-
tervalSi SeiniSneba (nax. 5). II generaciis metabazitebisTvis damaxasiaTebelia Ba 
da U dadebiTi maqsimumebi da Th, Nb da Sr dadebiTi minimumebi. petroqimiur-geoqimi-
uri maxasiaTeblebiT II generaciis metabazitebi Seesabameba bazaltebis or jgufs: 
1. Sidafilaqnurs da 2. Sidafilaqnursa da okeanurs Soris gardamavals, romelic 
dakavSirebulia MORB-Tan. okeanur Sidafilaqnur bazaltebTan SedarebiT II gene-
raciis metabazitebi gaRaribebulia CaO da gamdidrebulia K2O, xolo  MORB-Tan 
SedarebiT umniSvnelod amaRlebulia MnO da K2O Semcveloba. 

 
cxrili 2 

I da II generaciis metabazitebis iSviaTi da iSviaTmiwa elementebis 
qimiuri Sedgeniloba (ppm) 

Composition of RE of I and II generation metabasites (ppm) 

elem. 
Elem. 

I generaciis metabazitebi  
I generation metabasites 

II generaciis 
metabazitebi 

 II generation 
metabasites 

 amfibolitebi metadiabazebi amfibolitebi 
№ 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 3.4 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 2.4 2.4 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 
 

nimuSebi ## 47-84, 57-84, 49-84, 50-84, 58-84, 59-84 aRebulia g. zaqariaZis da sxv. (Закариадзе и 
др. 1998) Sromidan. 
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III generaciis metabazitebi upiratesad masiuri, kataklazebuli, Zalian Secv-
lili da intensiurad gamikroklinebuli qanebia. maTi qimiuri Sedgeniloba da iS-
viaTi elementebis Semcvelobebi mocemulia cxrilebSi 4 da 6. am qanebSi iSviaTmi-
wa elementebis Semcvelobis mixedviT gamoiyofa ori jgufi _ normuli da am ele-
mentebiT Zlier gamdidrebuli. mocemuli dayofa efuZneba iSviaTmiwa elementebis 
jamuri Semcvelobisa da (La/Sm)n

 (1.23-5.67) da ( La/Yb)n (0.77-24.60) fardobebis monace-
mebs. iSviaTmiwa elementebis jami maT normul saxesxvaobebSi icvleba 100.66_133.49, 
xolo Zlier gamdidrebulSi ki tolia 554.2. metagabroebSi, normul gabroebTan 
SedarebiT, momatebulia Th da Zr, rac gamoixateba Th/La  (0.19-0.30), Th/Sm (0.68-2.22), 
Th/Yb (1.39-8.98) da Zr/Y (3.33-11.22) maxasiaTebel fardobebSi. III generaciis metabazite-
bi dabalmagneziuri da maRalTixamiwiani rigis qanebia. spaidergramaze aRiniSneba 
Ba da Tb dadebiTi maqsimumebi, Sr uaryofiTi minimumebi da Nb dadebiTi minimumi 
(sur. 6). petrogenuli da iSviaTi elementebis SemcvelobiT isini Seesabameba iapo-
niis zRvis ensialur kunZulTarkaluri tipis bazaltebs. am qanebSi  MORB-Tan Se-
darebiT: amaRlebulia Al2O3, CaO da iSviaTi da iSviaTmiwa elementebis Semcveloba; 
Semcirebulia - TiO2  da MgO; xolo Ta, Lu, Yb, Tm, Er, Py, Tb, Gd, Eu da Hf Semcveloba - 
erTnairia. 

 
sur. 4. I generaciis metabazitebis iSviaTi elementebis spaidergrama.   

standartizebuli qondritze (Taylor, McLennan, 1985). 
Fig. 4. Spidergrams of RE in the I generation metabasites. Standardizated to chondrite  (Taylor, McLennan, 1985). 

 

 
sur. 5. II generaciis metabazitebis iSviaTi da iSviaTmiwa elementebis  

spaidergrama. standartizebuli qondritze (Taylor, McLennan, 1985). 
Fig. 4. Spidergrams of RE in the II generation metabasites. Standardizated to chondrite  (Taylor, McLennan, 1985). 
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cxrili 3 
II generaciis amfibolitebis qimiuri Sedgeniloba (mas.%) 

Composition of II generation amphibolites (mas. %) 
 

№ SiO2 TiO2 Al2O3 Fe2O3 
Mn
O 

Mg
O 

CaO 
Na2

O 
K2O SO3 P2O5 ∑% XMg 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 

 
cxrili 4 

III generaciis gabroebis qimiuri Sedgeniloba (mas.%) 
Composition of III generation gabbros (mas. %) 

 

Eelem. 
Elem. 

SroSis 
Shrosha 

dumalas 
Dumala 

Ddedaberas 
Dedabera 

Llomisas 
Lomisa 

№ ÍÉÌ. 01-32 03-44 622 95 54 690 691 
SiO2 50.11 48.71 48.03 50.52 50.96 48.96 48.82 
TiO2 0.98 14.49 0.80 1.31 1.44 1.02 0.88 
Al2O3 18.38 16.01 19.42 20.03 15.31 17.05 18.44 
Fe2O3 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 
Na2O 1.81 3.05 2.0 2.27 2.28 2.28 2.89 
K2O 1Ú97 2.09 1.20 1.65 1.09 1.16 0.68 
P2O5 0.17 0.36 0.23 - 0.28 - - 
SO3 - 0.21 - 0.42 - - - 
H2O - - 0.15 0.31 - 0.12 - 
Σ 100.27 100.77 99.94 99.49 99.97 99.68 99.99 

XMg 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 

 
nimuSebi ##622, 95, 54, 69 da 691 aRebulia q. CixeliZis (Чихелидзе, 1998) Sromidan. 

 
cxrili 5 

IV generaciis gabroebis qimiuri Sedgeniloba (mas.%) 
Composition of IV generation gabbros (mas. %) 

 
elem cxeTijvris / Tskhetijvari gezrulas / Gezrula 

№  4-87 73-84 03-29 02-36 03-41 01-39 24 23 30 26 25 29 33 
SiO2 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 
TiO2 0.94 0.97 1.42 0.96 1.33 1.41 1.54 1.48 0.47 0.66 0.62 0.22 1.37 
Al2O 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 
Fe2O3 - - 11.15 6.76 10.13 10.73 0.97 0.47 0.08 2.89 2.28 0.85 1.85 
FeO 6.00 7.91 - - - - 13.74 14.72 12.76 7.36 8.18 8.17 8.13 
MnO 0.11 0.15 0.20 0.15 0.12 0.16 0.12 0.12 0.16 0.16 0.14 0.11 0.18 
MgO 4.00 6.52 6.51 4.58 7.97 5.38 9.30 8.91 14.59 6.06 6.45 8.54 8.37 
CaO 8.30 9.63 8.54 8.93 8.02 8.14 10.26 9.92 7.22 11.76 11.91 11.10 10.3 
Na2O 1.60 2.29 3.01 2.86 3.01 2.81 2.55 2.47 2.79 3.59 3.30 3.16 2.79 
K2O 1.90 1.18 1.51 1.97 2.13 2.12 0.87 0.79 0.84 1.11 0.89 0.84 0.79 
P2O5 0.22 0.24 0.33 0.22 0.23 0.3 0.14 0.09 0.23 0.24 0.19 0.24 0.54 
SO3 0.00 0.41 - - - - 0.20 0.25 0.72 0.50 0.40 0.55 0.55 
H2O 0.00 1.65 - - - - 1.20 1.25 1.40 1.20 0.70 1.45 0.96 
Σ 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 

XMg 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’ 2.03 1.14 0.88 1.79 0.84 1.17 0.66 0.65 0.53 1.09 1.03 0.92 0.82 
nimuSebi ## 4-87, 73-84 aRebulia g. zaqariaZis da sxv. (Закариадзе и др., 1998), xolo ## 24, 

23, 30, 26, 25, 29 da 33 – e. gamyreliZisa da d. Sengelias (Гамкрелидзе, Шенгелиа, 2005) Sromidan.  
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cxrili 6  
III da IV generaciis metabazitebis iSviaTi da iSviaTmiwa elementebis 

 qimiuri Sedgeniloba (ppm) 
Composition of RE of III and IV generation metabasites (ppm) 

 

elem. 
Elem. 

III generaciis metabazitebi 
Metabasites of III generation 

IV generaciis metabazitebi 
Metabasites of IV generation 

 
SroSis lomi-

sas 
rikoTu-

las 
gezru- 
las 

cxeTijvris 

№ 01-32 03-44 54 34-99 01-39 4-87 73-84 02-36 03-29 03-41 
Mg 33.5 36.5 - - 33.4 0.54 0.60    
Rb 118.66 76.12 - 122.38 67.17 - 32 55.74 34.79 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 15.30 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 4.10 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 4.20 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 
U 1.47 1.15 - 3.05 0.64 - - 0.66 0.22 1.16 

  
 nim. ## 4-87, 73-84 aRebulia g. zaqariaZis (Закариадзе и др., 1998) Sromidan, xolo # 54 
– q. CixeliZis (Чихелидзе, 1998) Sromidan. 
 

IV generaciis metabazitebis qimiuri Sedgeniloba da iSviaTi elementebis Sem-
cvelobebi mocemulia cxrilebSi 5 da 6. md. gezrulas xeobis gabro ufro gamdid-
rebulia iSviaTmiwa elementebiT, vidre sof. cxeTijvris gabro, rac gamoixateba 
iSviaTmiwa elementebis jamur da (La/Sm)n  (1.57-3.23) da (La/Yb)n (3.47-5.19) fardobiT 
SemcvelobebSi. maT Soris, aseve aRiniSneba gansxvaveba mcired SeuTavsebeli ele-
mentebis Tanafardobebis variaciebSi - Hf/Sm (0.27-0.80), Ti/Y (0.68-0.88), Ti/P (4.5-9.0), 
Ti/Eu (7.74-12.32). SeuTavsebelia maTi arakoherentuli elementebis ganawilebac 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 generaciis metabazitebi 
maRalTixamiwiani qanebia, xolo maTi magnezialobis koeficienti SedarebiT daba-
lia. aRniSnul metabazitebSi iSviaTmiwa elementebis jami did intervalSi vari-
rebs _ 81.24-140.73. spaidergramaze aRiniSneba Ba dadebiTi maqsimumi da Th, Nb, Sr da  
Zr dadebiTi minimumebi (sur. 7). IV genraciis metabazitebi petrogenuli, didradi-
usiani liTofiluri elementebis _ Rb, Sr, Ba, Zr, Th, U da iSviaTi elementebis _ Co, 
Ni  SemcvelobiT Seesabameba ensialur kunZulTarkalur kirtute bazaltebs. 
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sur. 6. III generaciis metabazitebis iSviaTi da iSviaTmiwa elementebis spaidergrama. 
standartizebuli qondritze (Taylor, McLennan, 1985). 

Fig. 6. Spidergrams of RE in the III generation metabasites.  
Standardizated to chondrite  (Taylor, McLennan, 1985). 

 
 
 

 
 

 
 

sur. 7. IV generaciis metabazitebis iSviaTi da iSviaTmiwa elementebis spaidergrama. 
standartizebuli qondritze (Taylor, McLennan, 1985).  

Fig.7. Spidergrams of RE in the IV generation metabasites.  
Standardizated to chondrite  (Taylor, McLennan, 1985).  
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daskvna 
 
Zirulis kristaluri masivis oTxi generaciis alpuriswina metabazitebis 

kvlevis Sedegebi yalibdeba Semdegnairad: 

1. kambriuliswina asakis I generaciis metabazitebSi dadginda ori petroqimiur-ge-
oqimiuri jgufi _ iSviTmiwa elementebiT gaRaribebuli da amave elementebiT gam-
didrebuli. Seesabamisad, aRniSnuli metabazitebi miekuTvneba N- da T-MORB-s;  

2. kambriuliswina asakis II generaciis metabazitebSi gamoiyofa metabazitebis aseve 
ori petroqimiur-geoqimiuri jgufi: 1 - iSviaTmiwa elementebiT SedarebiT gamdid-
rebuli da SedarebiT maRalTixamiwiani da 2 - iSviaTmiwa elementebiT gaRaribebu-
li da saSualoTixamiwiani. isini Seesabameba Sidafilaqnur da Sidafilaqnursa da 
okeanurs Soris gardamaval okeanur bazaltebs, romlebic dakavSirebulia MORB-
Tan. okeanur Sidafilaqnur bazaltebTan SedarebiT, II generaciis metabazitebi ga-
Raribebulia CaO da gamdidrebulia K2O, xolo MORB-Tan SedarebiT maTSi umniSv-
nelodaa amaRlebuli  MnO da K2O Semcveloba; 

3. kambriuliswina asakis III generaciis metabazitebSic ori petroqimiur-geoqimiuri 
jgufi dadginda _ normuli da iSviaTmiwa elementebiT Zlier gamdidrebuli. isini 
petrogenuli, iSviaTi da iSviaTmiwa elementebis Semcvelobis mixedviT Seesabameba 
iaponiis zRvis ensialur kunZulTarkaluri tipis bazaltebs. am qanebSi  MORB-Tan 
SedarebiT, amaRlebulia Al2O3  da CaO-is da Semcirebulia TiO2  da MgO-is  Semc-
veloba. MORB-sa da aRniSnuli generaciis metabazitebSi Ta, Lu, Yb, Tm, Er, Py, Tb, Gd, 
Eu da Hf Semcveloba erTnairia, xolo danarCeni iSviaTi elementebis Semcveloba 
momatebulia; 

4. kambriuli asakis IV genraciis metabazitebi petrogenuli da didradiusiani li-
Tofiluri elementebis _ Rb, Sr, Ba, Zr, Th, U da iSviaTi elementebis _ Co, Ni  Semcve-
lobis mixedviT Seesabameba ensialur kunZulTa rkalur kirtute bazaltebs. 
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alazangaRma kaxeTis teritoriaze qveda-Sua iuruli fiqlebis seriis farglebSi ga-

movlenilia vulkanuri aqtivobis sami etapi, romelTagan yvelaze mniSvnelovania gvian-
plinsbaxur-adretoarsuli bazalturi magmatizmi. statiaSi gansazRvrulia gcianplinsba-
xur-adretoarsuli bazalturi magmatizmis xasiaTi, misi daikuri da efuzuri faciesesbis 
sivrcobrivi ganawilebis sakiTxi, agreTve magmuri aqtivobis stratigrafiuli da liTo-
logiuri sazRvrebi regionis farglebSi. 

 
The Late Pliensbachian-Early Toarcian Volcanism of the Transalasani Kakheti.  K. Aqimidze, Tbilisi 

State University, 13 Universitety st., 0186, Georgia, E-mail: karloaqimidze@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.   
 

Позднеплинсбахско-раннетоарский  вулканизм Заалазанской   Кахети.  К. Акимидзе. Тбилисский 
государственный университет им. И. Джавахишвили. Университетская ул. 13, 0186 . Грузия, E-mail:  
karloaqimidze@Rambler.ru.   

В нижне-среднеюрской сланцевой серии Заалазанской  Кахети  выявлены  три этапа вулканической  
активности. Наиболее значителным из них является позднеплинсбахско-раннетоарский базальтовый 
вулканизм. В статье определены характер позднеплинсбахско-раннетоарсского базальтового вулканизма, 
пространственное размещение его дайковой и эффузивных фаций , стратиграфические  и  литологические  
границы  магматизма в регионе. .  

 
          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 
№18/21 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 (dyke) 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 Iori-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. 

 
kavkasionis mTavari qedis samxreTi ferdis qveda-Sua iuruli magmatizmi geo-

logebis yuradRebas gasuli saukunis dasawyisidanve iqcevda. s.beliankini iyo 
pirveli, romelmac mTavari qedis xevsureTis zonaSi gamoyo albitiani (kolota-
nis) da labradoriani (asis) tipis diabazebi (Белянкин, 1914) Semdgomma kvlevebma 
daadastures rogorc albitiani, ise labradoriani diabazebis arseboba alazan-
garma kaxeTsa(Варданянц, 1932) da raWaSi (Татришвили, 1941). 

fasdaudebelia iuruli vulkanizmis  kvlevis Sedegebi, romlebic g. Zoweni-
Zis saxelTan aris dakavSirebuli(Дзоценидзе, 1948) man, samxreToseTsa da raWaSi, 
baiosis vulkanogenuri porfirituli seriis Seswavlis Sedegad daadgina, rom 
baiosuri vulkanizmi iwyeba albitiani porfiritebiT (spilitebiT), romelTac ze-
moT moyveba labradoriani (normuli) vulkanitebi. amave dros, g. ZoweniZis mixed-
viT, baiosuri vulkanizmi kavkasionis mTavari qedis fiqlebis seriaSi gamovlinda 
daikuri faciesis saxiT, sadac kolotanis tipis diabazebi warmoadgenen albitia-
ni porfiritebis daikur faciess, xolo labradorian porfiritebs  daikuri fa-
ciesis saxiT Seesabamebian asis tipis diabazebi. 

ufro gviandeli kvlevebis Sedegad dagrovda faqtiuri masala, romlis 
mixedviTac kavkasionis samxreTi ferdis adre-Sua iuruli fiqlebis seriaSi gamo-
vlinda, aramarto mZlavri diabazuri sartyeli, aramed efuzuri magmatizmis 
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ramodenime kvanZic - md. bzifis saTaveebSi (Беридзе, 1978), xevi- xevsureTSi (Чих-
радзе, 1976) da alazangaRma kaxeTSi (Пруидзе, 1979, Акимидзе, 2004) 

amavedros jer kidev problematuria kavkasionis samxreTi ferdis qveda- Sua 
iuruli magmatizmis sivrcobrivi ganawilebis, stratigrafiuli doneebis gansaz-

Rvris, efuzuri da daikuri faciesebis urTierT damokidebulebis sakiTxebi, ra-

sac TeoriulTan erTad didi praqtikuli mniSvneloba aqvs. es interesi upirveles 
yovlisa imiT aixsneba, rom mkvlevarebi dRes kolCedanur madanwarmoSobas uSu-

alod magmatizms ukavSireben da kolCedan-spilenZ-polimetaluri sabadoebis mom-

cem gelur-sulfiduri masebis wyarod swored bazaltur vulkanizms miiCneven 
(Буадяе и др.1979). amasTan, radgan es magmuri kompleqsi aris mosapirkeTebeli qvis  
saukeTeso nedleuliA(Акимидзе, 2005) maTi Seswavlisadmi praqtikuli interesi ki-

dev ufro matulobs.    
am periodis magmuri kompleqsi, rogorc daikuri, ise efuzuri faciesis sa-

xiT, samxreTi ferdis qveda Sua iuruli fiqlebis seriaSi, yvelaze srulad, ala-

zangaRma kaxeTis teritoriazea gamovlenili (Пруидзе, 1979; Akividze, 2004) kaxeTisa 
da misi uSualo momijnave azerbaijanis belaqan-zaqaTalis regionSi dgindeba 
pirdapiri ganeturi kavSiri magmatizmsa da stratiformul kolCedanur madanga-

movlinebas Soris. aq dadgenilia qveda-Sua iuruli magmatizmisa da masTan 
genetur kavSirSi myofi kolCedanuri sabadoebis formirebis sami etapi(Буадзе и 
др., 1979) esenia: 1. sinemurul-adreplinsbaxuri magmatizmi da maTTan geneturad da-
kavSirebuli kacdagis spilenZ-pireotinuli sabado; 2. gvianplinsbaxur-adretuar-

suli magmatizmi da filizCais kolCedan- polimetaluri sabado da 3. aalen-adre-

baiosuri magmatizmi da katexis gogird-kolCedan polimetaluri sabado. 
gamoyofili sami etapidan alazangaRma kaxeTis teritoriaze yvelaze farTed 

gvianplinsbaxur-adretoarsuli bazalturi daikuri da efuzuri kompleqsia 
warmodgenili. Cven rigi wlebis ganmavlobaSi vswavlobdiT am danaleq-vulkano-

genur kompleqss regionSi, rogorc zedapiruli dakvirvebebis, ise WaburRilebis 
gamoyenebis gziT. mopovebuli faqtiuri masalis analizi saSualebas iZleva gani-

sazRvros am etapis vulkanizmis liTostratigrafiuli sazRvrebi da misi aqti-

vobisa da migraciis xasiaTi, rasac didi praqtikuli mniSvneloba aqvs regionSi 
stratiformuli gamadnebis prognozirebis TvalsazrisiT. 

mokled davaxasiaToT magmuri produqtebis Semcavi plinsbax-toarsuli dana-

leqi kompleqsi. igi agebs kaxeTis megaantiklinis rogorc Crdilo, ise samxreT 
frTas. amasTan efuzuri magmatizmi gamovlenilia aRniSnuli antiklinis mxolod 
(samxreTisken gadmobrunebul) samxreT frTaSi, maSin rodesac daikuri faciesi 
orive frTaSia warmodgenili. 

efuzuri vulkanizmi iwyeba plinsbaxuri asakis wiklauris wyebaSi, romelic 
farTed aris warmodgenili, rogorc alazangaRma kaxeTisa da zaqaTala-belaqanis 
regionSi, ise mTlianad kavkasionis samxreTi ferdis fiqlebis seriis gavrcele-

bis zolSi. wyeba faunisturad aris daTariRebuli (Топчишвили, 1996). igi mimarTe-

baze sakmao erTgvarovnebas inarCunebs, xolo simZlavreze, liTologiuri niSniT 
gamoiyofa sami dasta, romelic qvemodan zemoT asea warmodgenili:  

1.”sufTa”pelitoliTebi; 2.pelitoliTebi momatebuli auxarisxebeli alevri-

tuli masaliT da 3.alevropelituri-pelitoliTebi alevrolitis 0.3-2.0 sm sim-

Zlavris zolebiT. 
pirveli dasta wyebis qveda nawils ikavebs da faunisturad adretoarsuli 

asakiT isazRvreba. alevrituli masalis mateba Tavs iCens gviantuarsul naleqeb-

Si, jer pelitur masaSi gabneuli, auxarisxebeli klasturi masalis saxiT, Semdeg 
wyebis zeda nawilSi alevrituli masala formirdeba ukve calkeuli, leikokr-
atuli zolebis saxiT. plinsbaxuri pelitoliTuri wyeba aseve xasiaTdeba piritis 
momatebuli SemcvelobiT. Tumca misi raodenoba da formirebis xasiaTi gansxva-

vebulia sxvadasxva dastaSi. pirvel dastaSi piriti erTeuli Canawinwklebis sa-
xiT aris warmodgenili, meoreSi - CanawinwklebTan erTad piritis konkreciebic 
Cndeba, xolo zeda mesame dastaSi, konkreciebTan erTad Cndeba piritis 0.3-5.5 sm 
simZlavris zolebi da linzebi. wyebaSi alevrituli masala, ZiriTadad, kargad 
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damuSavebuli terigenuli kvarciTaa warmodgenili, naklebia sericitis qerclebi 
da biotitis firfitebi, aRiniSneba agreTve apatitisa da cirkonis iSviaTi marcv-
lebic. pelituri nawili zolebian fiqlebSi 60-65%-s Seadgens, alevropelitebSi- 
70-75%, xolo “sufTa” pelitoliTebSi-90-98%. pelituri masa gaumWvirvale Tixis 
mineralebiTa da organuli nivTierebiTaa warmodgenili, romelSic kargad fiq-
sirdeba postdiageneturi gardaqmnis xasiaTi. radgan wiklauris wyebis saerTo 
simZlavre 1 km-s aWarbebs, misi postdiageneturi gardaqmnis xasiaTi sagrZnoblad 
icvleba saxuravidan sagebisken, rac kargad aris asaxuli, rogorc fiqlebriobis 
srulyofaSi, ise Tixuri da klasturi mineralebis gardaqmnaSi (k. aqimiZe ,2009). 
plinsbaxuri fiqlebis wyeba sruli TandiTanobiT gadadis aseve faunisturad  
daTariRebul toarsul naleqebSi, romlebic regionSi ori-durujisa (Чихрадзе, 
1976) da pankisis (Топчишвили,1996) wyebebiT aris warmodgenili. 

durujis wyeba uwyvetlad gaidevneba kaxeTis antiklinis samxreT frTaSi – 
CelTi–Soroxevis SuamdinareTSi. misi qveda nawili fliSoiduria, zeda- qviSaqvia-

ni. fliSoiduri dasta 1-5 sm simZlavris alevrituli da pelituri Sreebis mori-

geobiT aris agebuli. morigeoba ritmulia. rogorc wesi, dastis ZiriTad nawilSi 
pelituri Sreebis simZlavre aWarbebs alevrituli Sreebisas. alevrituli masa-

lis raodenoba da Sesabamisad maTi Sreebis simZlavrec, marcvlovnebasTan erTad, 
matulobs dastis sul zeda nawilSi da fliSoiduri dasta, romlis simZlavre 
CelTi - Soroxevis SuamdinareTSi 450-500 m-ia, gadadis qviSaqvianSi. qviSaqvebi aq 
wvrili da saSualomarcvlovania, umTavresad cudad axarisxebuli, zogjer kar-
bonatuli, romelTac gamofitul zedapirze yavisferi Seferiloba eZleva. 
Seicavs sideritis, zogjer kalcitis konkreciebs. durujis wyebis qviSaqvis Sre-
ebi zoliani alevropelitebiTaa gayofili, romelTa  sisqe 2-5 sm iSviaTad aRe-
mateba, maSin rodesac qviSaqvebis Sreebis simZlavre 0.5-5.0 m-sa da zogjer ufro 
mets Seadgens. durujis wyebis qviSaqviani nawilis simZlavre- 650-700 m-ia. 

pankisis wyeba  regionSi alazani-CelTisa da Soroxevi- mazimCais gamosavle-

biT aris warmodgenili. wyebis qveda nawili durujis wyebis analogiuria- fli-

Soiduri, 1-5 sm simZlavris alevrituli da pelituri Sreebis kargad gamoxatuli 
ritmuli morigeobiT. pankisis wyebis zeda nawili pelitur-alevropelituria, 
qviSaqvis SreebiT. qviSaqvebi wvril da saSualo marcvlovania, zogjer karbonatu-
li, sideritis konkreciebiT. wyebis am nawilSi ritmuloba ar fiqsirdeba. fsami-
turi masala am wyebaSi, durujis wyebisgan gansxvavebiT pelitur, alevropeli-
turTan SedarebiT damorCilebulia. durujis wyebis fsamituri da pankisis wyebis 
alevropelituli  dastebi mdinare CelTisa da mdinare Soroxevis meridianebze 
sruli TandiTanobiT gadadian mimarTebaze erTmaneTSi. pankisis wyebis saerTo 
simZlavre 800- 850 m-s Seadgens. 

postdiageneturi Secvla, rogorc pankisis, ise durujis  wyebaSi sustia da 
aisaxeba mxolod mis pelitur nawilSi, sadac pelitis xarjze Cndeba erTeuli 
hidroqars-qlorituli dakbiluli qerclebi, orientirebuli fiqlebriobisadmi. 
plinsbax- tuarsuli efuzuri bazalturi vulkanizmi, ise rogorc misi daikuri 
faciesi, alazangaRma kaxeTis antiklinis samxreT frTaSi uwyvetlad ar aris 
gamovlenili. igi fiqsirdeba qvaCadala-lamazuris ubanze, md. storis auzSi da 
kabali-mazimCais SuamdinareTSi. 

qvaCadala- lamazuris ubanze bazalturi lavuri ganfenebi yvelaze ukeT md. 
lamazuris kalapotSia gaSiSvlebuli. aq, sinklinuri struqturis samxreT frTa-

Si, dafiqsirebulia - 50, 12 da 15 metri simZlavris 3 ganfeni. sxeulebi sruli 
TanxmobiTaa ganlagebuli wiklauris wyebis zeda, mesame alevritis zolebiani 
pelitolitebis dastaSi. vulkanogenur-danaleqi Srenaris saerTo simZlavre 160-
165m-ia. Semcavi fiqlebi Savi ferisaa, alevrolitis zolebiTa da piritis konkre-
ciebiT. ganfenebis sagebSi, 10-12 sm simZlavreze SeiniSneba fiqlebis gauferuleba, 
susti gadakristaleba-adinolizacia. saxuravSi fiqlebi saRia.  

pirveli sxeuli sagebSi (0.5-2.0 m.) tufobreqCiiTaaBwarmodgenili. es aris 
natexovani agebulebis qani, muqinacrisferi da mwvane feris CanarTebiT. nacris-

feri-Semcavi Tixafiqlebis masalaa, mwvane-vulkanuri warmoSobis. nacrisferi 
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natexebis klebiTa da mwvane feris natexebis matebiT tufobreqCiebi ganfenis 
centrisken lavabreqCiebSi gadadian. maTi simZlavre 3-5 m-s farglebSi meryeobs. 
lavabreqCiebic saxuravisken natexovan aRnagobas kargaven  da baliSa agebulebis 
xdebian. garda baliSebisa fiqsirdeba sferoiduli da elifsoiduri formebic, 
romelTac WrilSi koncentruli agebuleba axasiaTebT. baliSebs Soris sivrces 
erTgvarovani, mwvane feris   sustadgadakristalebuli ulkanuri mina avsebs. 

mdinaris kalapotSi meore sxeuli mwvane feris, marcvlovani, diabazuri age-

bulebisaa. sagebSi (0.3-1.0 m.) masac breqCiuli teqstura aqvs, romelSic rogorc 
natexebi (SemomlRvali konturebiT), ise cementi, vulkanuri warmoSobisaa/. mesa-

me,zeda bolo ganfeni mTlianad baliSa agebulebisaa, gamofitul zedapirze sfe-

roiduli ganwevrebiT. 
WrilSi zemoT, bolo ganfenis Semdeg monotonuri Tixafiqlebis dasta alevro-

litis zolebiT grZeldeba kidev 150 m. simZlavreze, romelsac moyveba adre tuar-

suli fliSoiduri wyeba vulkanuri masalis gareSe. 
aRwerili lavuri ganfenebi md. lamazuris marcxena ferdze uwyvetlad gai-

devneba-pirveli- 1250, meore -250 da mesame - 260 metrze, ris Semdegac ganfenebi 
isolebian. marjvena ferdze,mdinaris kalapotidan 35-40 m-ze samive sxeuli wakve-

Tilia nawevis tipis gviandeli rRveviT, romlis amplituda 30 m-Seadgens. rRvevis 
samxreTiT qvaCadala-lamazuris wyalgamyof qedamde da Semdeg md. qvaCadalis 
marcxena ferdze, ganfenebi uwyvetlad idevneba -pirveli 1050, xolo meore da 
mesame-350 metrze. meore da mesame sxeulebis ZiriTadi gamosavlebi mimartebaze 
gadafarulia sakuTari da pirveli ganfenis hifsometriulad maRla ganlagebuli 
gamosavlebis lodnariT ( nayaris farTiT-70 x650m, sisqe-0-20 m.) lodnaris nayaris 
qveS, adgil-adgil, TiTqmis 500 m-ze fiqsirdeba meore da mesame lavuri sxeulebis 
ZiriTadi gamosavlebis fragmentebi, xolo lodnaris dasawyisidan 210 metrze, 
pirvel da meore ganfens Soris, gamovlinda meoTxe mTlianad baliSa agebulebis 
sxeuli, romlis simZlavre 30 m-ia da mimarTebaze TiTqmis 600 m-ze gaidevneba. 

amgvarad, qvaCadala-lamazuris ubanze gamovlenili bazalturi ganfenebis 
ricxvi 3-sa da 4-s Soris meryeobs. vulkanogenur-danaleqi Srenaris simZlavre 160- 
200 m-ia, mimarTebaze daaxlovebiT 3.5 km-ze gaidevneba da liTostratigrafiul 
svetSi gvian plinsbaxuri alevritiani pelitolitebis dastaSi ikavebs adgils. 

mdinare storis xeobaSi gvianplinsbaxur-adretouarsuli vulkanogenur-
danaleqi kompleqsis simZlavre TiTqmis 500m-s aRwevs da mimarTebaze 2.5 km-ze 
idevneba. lavuri ganfenebis calkeuli fragmentebi gaSiSvlebulia, rogorc md. 
storis marjvena didi Senakadis – svianas xevis auzSi, ise storis marcxena mcire 
SenakadebSi. ZiriTadi dakvirvebebi ki - Dmd. storis ZiriTad kalapotSi, samxre-
TiT gadabrunebuli antiklinis samxreT frTaSia Sesrulebuli, sadac Wrilis 
zeda nawili 736 m. siRrmis #18/21 struqturuli WaburRiliT gvaqvs Seswavlili. 
vulkanogenur danaleqi dastis dasawyisi da Sesabamisad lavuri ganfenebis 
pirveli ori 80 da 96 m. simZlavris gamosavali WaburRilis CrdiloeTiTaa ga-
SiSvlebuli. isini sruli TanxmobiT zian zeda plinsbaxuri (wiklauris) wyebis 
zeda mesame dastaSi. ganfenebis pirveladi teqstura masiuria. rRvevis zonaSi 
breqCirebuli da gakaJebuli, napralebis gaswvriv daserili kvarcisa da kalci-

tis ZarRvakebiT. WaburRilSi, pirveli 30 metriani aluviur- deluviuri nayaris 
Semdeg 30-320 m. siRrmeze gadakveTilia baliSa teqsturis mqone bazalturi gan-
feni - simZlavriT 120 m. ganfens WaSi 320-425m. siRrmeze sruli TanxmobiT moyveba 
Savi, alevritis zolebiani 100 m. simZlavris Tixafiqlebis dasta. fiqlebi gamdid-
rebulia piritis CanawinwklebiTa da konkreciebiT. kidev erTi baliSa lavis gan-
fenia gadakveTili WaburRilSi 425-575m siRrmeze. am ganfenis namdvili simZlavre- 
90 m-sSeadgens. ganfens sruli TanxmobiT 575-660 m-ze moyveba 42m. simZlavris 
alevritis zolebiani, piritis konkreciebiT mdidari - gvianplinsbaxuri Savi fiq-
lebis dasta. kidev erTi 40 m. simZlavris  lavuri ganfenia gadakveTili Wabur-
RilSi 660-710 m-ze. ukanaskneli ganfenis pirveli 12m, tufolaviTaa warmodgenili, 
igi breqCiuli xasiaTisaa. natexebs Ria nacrisferi, fiqlebrivi, zogjer zoleb-
rioba SenarCuli, Secvlili pelitoliTebi warmoadgenen, cementi - Ria mwvane, 
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sustad dakristalebeli vulkanuri minaa. natexebis SemcirebiT  tufolava masiur 
qanSi gadadis, romelic intervalis bolomde grZeldeba. WaburRilis bolo 710-
736m. kvlav wiklauris wyebis alevritis zolebiani TixafiqlebiTaa warmodgenili. 

kabali- mazimCais SuamdinareTi. alazangaRma kaxeTis gvianplinsbax-adre to-

arsuli vulkanizmis yvelaze gamwe gamosavlebi kabali-mazimCais SuamdinareTSia 
dafiqsirebuli. am zolis kabali –ninosxevis monakveTze sakvlevi kompleqsis 
ZiriTadi gamosavlebi meoTxeuli naleqebiTaa gadafaruli da amitom WaburRile-

biT gvaqvs Seswavlili, xolo Sromisxevis, lagodexisxevisa da salesavisxevis 
(mazimCais marjvena Senakadi) auzebSi kompleqsi zedapirze SiSvldeba da Sesabami-

sad maTze zedapiruli, farTobuli kvlevebia Catarebuli.  
daviwyoT WaburRilebiT. md. kabalis auzSi gaburRulia #65 xolo ninos-

xevis auzSi - #18/21 WaburRili. pirvelis siRrmea 728 m, meoris-1200.5 m. orive Wa 
dadgmulia kaxeTis megaantiklinis samxreT frTaSi, romelic samxreTisken aris 
gadmowolili da Sesabamisad, burRiliT siRrmeSi ikveTeba stratigrafiuli Wri-
lis aRmavali nawili. 

WaburRili #65 mdebareobs md. kabalis kalapotis zeda pirvel terasaze, so-

fel xeCilidan C. d. 550 m. simaRleze.D misi pirveli 45 m. aluviur-deluviur na-

yarSia gayvanili. ZiriTadi gamosavlebi iwyeba bazalturi lavuri ganfeniT, rome-

lic grZeldeba 83 m-mde. ganfenis araerozirebuli, WaSi gadakveTili, nawilis 
simZlavre 25 m-ia. igi erTgvarovani momwvanonacrisferi, sferoidul-baliSa teqs-

turis warmonaqmnia, sadac baliSebi sustad gadakristalebuli, momwvanonacris-

feri vulkanuri miniTaa Secementebuli. Semdegi 88-108m. WaSi alevritis zolebiani, 
Savi, piritis konkreciebiani, gvianplinsbaxuri dastiTaaAwarmodgenili. mas moyveba 
(108-218 m.) TixafiqlebSi Tanxmurad ganlagebuli 65 m simZlavris kidev erTi 
bazalturi lavuri ganfeni, romelic sagebSi (108-112 m.) iwyeba tufobreqCiebiT da 
TandiTanobiT gadadis, jer (112-120m.) lavabreqCiebSi, Semdeg intervalis bolomde 
baliSa teqsturis pilou lavaSi. alevritis zolebiani dasta WaSi 375 m-mde 
grZeldeba. Tixafiqlebian dastas ufro Rrmad, sangrevamde agrZelebs adretuar-

suli fliSoiduri wyeba, romelic mkveTrad zolebrivia 2-5 sm simZlavris Ria 
nacrisferi alevritisa da imave simZlavris muqi nacrisferi, TiTqmis Savi peli-

toliTebis morigeobiT. 
swored adreouarsul fliSoidur wyebaSi zis WaburRilis 375-390: 406-412 da 

400-490 m siRrmeebze gadakveTili, Sesabamisad 10; 8 da23 m. simZlavris bolo sami 
lavuri ganfeni. am vulkanuri sxeulebidan pirveli da meore sxeuli masiuri age-

bulebisaa, mesame ki baliSa teqsturis. isini sruli TanxmobiTaa ganlagebuli 
adretoarsul, zolebian fliSoidur wyebaSi. samive ganfenis sagebSi Semcavi fiq-

lebi gauferulebulia, gancdili aqvT adinolizacia. saxuravSi fiqlebi saRia. 
amgvarad #65 WaburRiliT dasturdeba, rom gvianplinsbaxurSi dawyebuli bazal-

turi magmuri aqtivoba adretoarsulSic grZeldeba. 
ninos xevi. yvelaze Rrma WaburRili regionSi, romelmac 8 lavuri ganfeni 

gadakveTa, md. ninosxevis kalapotSi, sof. xizabavrasTan 580 m. simaRlezea gabur-

Ruli. meoTxeuli aluviur-deluviuri nayaris Semdeg (0.0-60.5 m.), Wa 541 m-de gada-

ikveTa gvianplinsbaxuri pelituri dasta alevritis erTeuli zolebiTa da piri-

tis konkreciebiT, romelSic 5 bazalturi lavuri ganfenia dafiqsirebuli. ganfe-

nebi gadakveTilia 120-138; 185-200; 220-225; 400-420 da480-538 m. siRrmeebze. maTi namdvi-

li simZlavre rigiTobis Sesabamisad Seadgens 32; 15; 3; 14 da35 m-s. TiTqmis yvela 
ganfenis sagebSi aRiniSneba Savi fiqlebis adinolizacia. pirveli da bolo gan-

fenebi xasiaTdebian baliSa aRnagobiT, danarCeni sami masiuri agebulebisaa. sxva 
niSnebiT es sxeulebi ukve aRwerili lavuri ganfenebisagan ar gansxvavdebian. 

Wis 539-540 metrze SeiniSneba alevrituli masalis mkveTri mateba, qans eZle-

va masiuri teqstura da iRebs ufro leikokratul Rianacrisfer Sefervas. Semdeg 
541-544 m siRrmeze masiuri teqsturis qanebi TandiTanobiT iReben zolebriv aRna-

gobas, xolo 548 m-s Semdeg yalibdeba tipiuri, mkveTrad zolebrivi, adretoar-

suli fliSoiduri dasta, romelic Wis sangrevamde (1200.5 m.) grZeldeba. fliSo-

idur dastaSi 544-648; 880-900 da 950-960 m. gadakveTilia 3.5; 7 da 7.3 m. simZlavris 
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bazalturi ganfenebi. pirveli 3,5 m. simZlavris ganfeni masiuri agebulebisaa, Sem-

degi 2 – baliSa. Semcavi fliSoidebis susti kontaqturi Secvla samive ganfenis 
sagebSi aRiniSneba. 

rogorc avRniSneT, ninosxevidan aRmosavleTiT- Sromis, lagodexisa da sale-

savis xevebis auzebSi- bazalturi lavuri ganfenebi ukve zedapirzea gaSiSvlebu-

li. isini MmTel am zolze, Semcav danaleq kompleqsTan erTad, danaoWebulia da 
antiklinis samxreTi frTaSi gamovlenili. struqturis Crdilo frTa, kexnameda-

nis siRrmuli rRveviTaa wakveTili da ufro Zveli naleqebiT gadafaruli.  
Sromis xevis marjvena ferdze sul sami ganfenia dafiqsirebuli.pirveli 

ori, simZlavriT 38 da 22 m., zis gvianplinsbaxur alevritis zolebian pelito-

liTur dastaSi; mesame, 27 m. simZlavris- adretuarsul fliSoidur zolebian wye-

baSi. ganfenebi mimarTebaze idevnebian 300-500 m. pirveli da mesame ganfeni baliSa 
agebulebisaa, zedapirze gamofituli-daSlili, isini  ferdobis gaswvriv deluvi-

ur lodnar danagrovebebs iZlevian. meore ganfeni masiuri agebulebisaa, farul-

kristaluri, sxeulis Sua nawilSi zogjer wvrilmarcvlovani.  
salesavis xevSi erTi 85-95 m. simZlavris ganfenia  gamovlenili, romelic  

fliSoidur dastaSi zis da mdinaris marcxena ferdze vertikalur karnizs aCens. 
gaidevneba 1.8 km-ze md. mazimCais kalapotamde. sxeulis agebuleba, rogorc mimar-

Tebaze, ise daqanebaze ucvlelia da erTgvarovani momwvano nacrisferi lava-

breqCiebiT aris warmodgenili. nartexebi, romelTa zoma 2x5 sm-dan 20x30 sm-mde  
icvleba, uwesrigodaa gabneuli da qanis saerTo moculobis 30-35 % Seadgens. 
natexebis struqturis mixedviT icvleba maTi feri: farulkristaluri, an wvril-

marcvlovani natexebi - umTavresad muqi nacrisferia, msxvilmarcvlovanisa da 
porfirulis - momwvano Rianacrisferi. breqCiebis cementi bazaluri tipis, dau-

kristalebeli, muqi nacrisferi vulkanuri minaa. 
yvelaze ukeTesad vulkanitebi mdinareebis Sromisxevisa da lagodexisxevis 

kalapotebs Sorisaa gaSiSvlebuli. isini Sromisxevis marjvena ferdze gamovle-

nili ganfenebis mimarTebaze, aRmosavleTiT gagrZelebas warmoadgenen, sagrZnob-

lad momatebli simZlavreebiT (50-200 m-mde). pirveli zisgvian plinsbaxur alevri-

tis zolebian pelitolitur dastaSi. meore uSualod imave dastis zeda nawilSi, 
romlis saxuravidanac fliSoiduri zolebiani alevrituli dasta iwyeba. mesame 
ki mTlianad fliSoidur dastaSi aris ganlagebuli. samive ganfeni Sromisxevis 
kalapotidan, lagodexis xevis kalapotamde uwyvetlad 1.5 km-ze idevneba. amasTan 
zeda ori aRmosavleTiT lagodexisxevis aluvionis qveS isoleba, qveda yvelaze 
mZlavri ganfeni ki lagodexisxevis marcxena ferdze sim Zlavris Seucvlelad 
kidev 250 m-ze grZeldeba da Semdeg 100 m-ze ki TandaTan isaoleba. 

es sxeulebi masiuri an baliSa aRnagobiT xasiaTdebian, naklebad fiqsirdeba 
breqCiuli teqsturebi. teqsturuli saxesxvaobebis cvla SeiniSneba erTi sxeulis 
SigniTac: rogorc mimarTebaze, ise simZlavreze sagebidan saxuravisken. magali-
Tad, Sromisxevidan lagodexis xevamde (1.5 km.) meore lavur ganfenSi masiuri 
struqtura sferoidulSi da piriqiT gadasulia 3- jer. amasTan baliSa teqsturis 
saxesxvaobebi Seadgenen mTeli ganfenis masis 65-70 %. baliSa teqsturis qanebSi 
garda tipiuri “baliSa” formebisa aRiniSneba ovaluri, linziseburi da sx. sfe-
roiduli, koncentruli Sida agebulebis formebi, gansxvavebuli (10x15 sm-dan 120x 
180 sm) zomebiT. sferoidebi Secementebulia an Tavisive Secxobis qerqiT, an vul-
kanuri miniT, romelic kaJiT an karbonatiTaa gamdidrebuli. 

amgvarad, kabali-mazimCais SuamdinareTSi Bbazalturi wyalqveSa vulkanizmi 
farTed aris warmodgenili. igi kexnamedanis siRrmul rRvevas ukavSirdeba, saer-

To kavkasiuri gavrceleba aqvs; gvian plinsbaxurSi iwyeba da adretoarsulSi 
mTavrdeba. am teritoriaze rogorc ganfenebis ricxvi(1-dan 8-mde), ise maTi simZ-
lavreebi (3 m-dan 250 m-mde) did diapazonSi icvleba. 

alazangaRma kaxeTis teritoriaze bazalturi subvulkanuri (daikuri) faciesi 
efuzurTan SedarebiT ufro farTed aris gavrcelebuli. is uwyveti farTe saer-

Tokavkasiuri zolis saxiT  vrceldeba kaxeTis antiklinis RerZul nawilsa da 
Crdilo frTaSi, xolo samxreT frTaSi mkveTrad fiqsirdeba daikuri faciesis 
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samxreTi sazRvari, romelic kexnamedanis siRrmul rRvevas emTxveva. mimarTebaze 
ki mis gavrcelebas wyvetili xasiaTi aqvs: daikuri faciesi  farTedaa gavrcele-

buli pankisis wyebaSi (alazani - CelTisa da Soroxevi-mazimCais SuamdinareTSi), 
xolo durujis wyeba(CelTi- Soroxevis SuamdinareTi) – praqtikulad sterileria. 

diabazebis raodenobrivi TanafarToba Semcav fiqlebTan maTi gavrcelebis 
mTel zolze, saSualod 25-30% Seadgens; rRvevis zonebSi ki- 50-55% aRwevs. cvale-

badia maTi simZlavreebi, romelic ramodenime sm-dan 10-15 metramde meryeobs. maT-

Soris Warbobs 0.5-3.5 m simZlavris sxeulebi. mimarTebaze daikebi ramodenime aTe-
uli metridan 0.5 km-mde idevnebian. maT, rogorc wesi, danaleqi kompleqsis msgav-
sad, saerTokavkasiuri orientacia aqvs. ganlagebulia danaleqi qanebis Sreebri-
obis Tanxmurad (silebi), an mcire kuTxiT kveTs Sreebriobas (daikebi). fiqlebTan 
erTad monawileobs danaoWebaSi, rac maT budinirebasa da klivaJSia asaxuli.    

struqturuli niSnis mixedviT daikur qanebSi gamoiyofa diabazebi, diabaz-
porfiritebi da gabrodiabazebi. isini, rogorcwesi, calke sxeulebs warmoqmnis, 
Tumca aRiniSneba erTi sxeulis farglebSic. mcire simZlavris sxeulebi, rogorc 
wesi, farulkristaluri, an diabazuri struqturisaa. mZlavri sxeulebi ki kideeb-
Si wvrilkristaluria, centrisken ki diabaz-porfirituli, an gabro-diabazuri. 

mTavari pirveladi qanmaSeni mineralebia andezin-labradoris (#45-65) rigis 
plagioklazi da monoklinuri piroqseni. Meoradi - amfiboli, qloriti, epidoti, 
albiti, qcesorebidan - ilmeniti, sfeni, magnetiti.   

amgvarad, kvlevis mopovebuli SedegebiT dgindeba, rom gvianplinsbaxur- ad-
retoarsul epoqaSi alazangaRma kaxeTis teritoriaze bazalturi magmuri aqti-
vobiT gansxvavebuli sami struqturuli erTeuli gamoiyofa, romelTa submeridi-
anul sazRvrebs, antikavkasiuri mimarTebis siRrmuli rRvevebi unda afiqsirebdnen 
(Пруидзе, 1979). maT Cven teqtono-magmuri blokebis saxiT gamovyofT. 

pirveli blokis farglebSi (iori-alaznis wyalgamyofi qedidan—md. CelTis 
meridianamde) daikuri faciesi mTel farTzea gamovlenili. efuzuri ki ori (qvaCa-
dala-lamazuris ubani da md. storis auzi) izolirebuli gamosavliT aris warmo-
dgenili. efuzuri magmuri aqtivoba am farTze gvianplinsbaxuris zeda nawilSia 
gamovlenili da misi produqtebi mxolod alevritis zolebiani pelitolitebis 
dastaSia ganTavsebuli. 

meore Bblokis (CelTi-Soroxevis SuamdinareTi) plinsbax-toarsul naleqebSi 
arc daikuri da arc efuzuri vulkanizmi gamovlenili ar aris. es bloki magma-
tizmisgan steriluria. 

mesame blokSi (Soroxevi-mazimCais SuamdinareTi) daikuri faciesi mTel 
farTzea gamovlenili; xolo efuzuri faciesi-md. kabalisa da md. mazimCais Sua-
mdinareTSi TiTqmis uwyvetlad grZeldeba. amasTan, magmatizmi iwyeba gvianplins-
baxuris zeda nawilSi da adretoarsulSic grZeldeba. am periodis magmuri aqti-
vobis produqtebi ganTavsebulia, rogorc alevritis zolebiani pelitoliTebis 
dastaSi, ise fliSoidur dastaSi. 

Tu davubrundebiT regionis perspeqtiulobis sakiTxs kolCedanuri tipis ga-
madnebaze, miRebuli Sedegebidan gamomdinare, alazangaRma kaxeTis teritoriaze 
perspeqtiulia alaznis saTaveebidan md. CelTis meridianamde - gvianplinsbaxuri 
alevritis zolebiani pelitolitebis, xolo Soroxevi - mazimCais SuamdinareTSi 
- gvianplinsbaxuri alevritis zolebiani pelitolitebisa da adreouarsuli fli-
Soidebis gavrcelebis zoli. rac Seexeba CelTi- Soroxevis SuamdinareTs, es te-
ritoria am TvalsazrisiT perspeqtiuli ar aris. 

gamoyofil perspeqtiul farTebze, konkretuli sabadoebis gamosavlenad, un-
da Sesruldes Sesabamisi kompleqsuri geologiur-geofizikuri Zebna-ZiebiTi 
samuSaoebi.  
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ceriumiT legirebuli luteciumis oqsiorTosilikatebis –L LSO:Ce monokristalebis 

safuZvelze miRebuli iqna perspeqtiuli scintilaciuri masalebi birTvuli speqtrometri-
isaTvis (γ-gamosxivebis deteqtorebi) da pozitron emisiuri tomografiisaTvis. monokrista-
lebis gazrda xorcieldeboda vertikalurad da horizontalurad mimarTuli kristaliza-
ciis meTodebiT (modificirebuli brijmen-stokbargeris meTodi). miRebul iqna sxvadasxva 
zomebis LSO:Ce monokristalebi. Seswavlilia miRebuli nimuSebis luminescenturi maxasia-
Teblebi.  
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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 (�-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.     

 
Выращивание активированных церием монокристаллов оксиортосиликатов лютеция и определе-

ние их люминесцентных свойств. А. Микаберидзе, М. Джибладзе, З. Размадзе. Министерство просвещения 
и науки Грузии. ЮЛОП Институт геологии им. А.Джанелидзе, Тбилиси 0171, ул. М. Алексидзе, 1/9,  E-mail: 
amikaberidze@mail.ru 
            На основе монокристаллов оксиортосиликатов лютеция  легированного церием были получены перспек-
тивные сцинтилляционные материалы для ядерной спектрометрии (детекторы γ-излучения) и позитронной 
эмиссионной томографии. Монокристаллы были выращены методами вертикально и горизонтально направ-
ленной кристаллизации (модифицированный метод Бриджмена-Стокбаргера). Были получены монокристаллы   
LSO:Ce разного размера. Изучены люминесцентные свойства полученных образцов. 
 

 
Abridged English Version 

 
Perspective scintillation materials for nuclear spectrometry (�-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 
oC  melting temperature and in the 0.8 N2+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 oC/cm;  gas pressure - from 1.15  to 1.25  105 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 mm3  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 Ce3+ emission and excitation 
spectra for high quality samples is small but for samples with defect high concentration it is more expressed. 

X-ray exited Lu2-xCexSiO5 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.  

 
 

scintilaciuri masalebi gamoiyenebian fizikaSi 100 weliwadze met xans. maTi 
umetesoba gamoiyeneba gama (�) gamosxivebis maragistrirebeli deteqtorebisaTvis 
15-dan 511-mde kev energiebis areSi ZiriTadad imitom, rom am energiebis kvantebi 
SedarebiT advilad miiRebian rentgenis wyaroebis da radiaqtiuri izotopebis 
meSveobiT. rentgenisa da � kvantebis registraciisaTvis scintilatorebis SerCe-
visas didi mniSvneloba aqvs am registraciis efeqturobas. ceriumiT legirebuli 
araorganuli kristaluri scintilatorebi, TavianTi Tvisebebis gamo, perspeq-
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tiulia sxvadasxva sferoSi gamoyenebis TvalsazrisiT. MmaT Soris gamorCeuli 
scintilaciuri Tvisebebi gaaCniaT luteciumis oqsiorTosilikatis Lu2-xCexxSiO5 
(LSO:Ce) kristalebs. pirvelad es kristalebi miRebul iqna kristalebis zrdis 
Coxralskis meTodiT  (Melcher C.L.,  1990). Ce-iT legirebuli luteciumis oqsior-
Tosilikatis monokristalebi Cvens mier gazrdili iqna gansxvavebuli meTodiT - 
vertikalurad da qorizontalurad mimarTuli kristalizaciis meTodiT (modi-
ficirebuli stokbarger-brijmenis meTodi) nadnobidan, kristalizaciis danadga-
rebze “Граннат-2М”  da “Сапфир-2М” (Amaglobeli N.S. et al. 2004, Namtalishvili M.I. et al, 2004). 
kazmi mzaddaboda maRali sisufTavis ZiriTadi da minarevi masalebis (lute-
ciumis, siliciumisa da ceriumis) oqsidebisagan. 

LSO:Ce kristalebis zrdis optimaluri pirobebis  gansazRvrisas icvleboda 
Semdegi parametrebi: ceriumis koncentracia kazmSi 0,1-0,25 won.%; gomogenizaciis 
dro – 5-8 saaTi; konteineris gadaadgilebis siCqare – 0,5-2,4 mm/sT; temperaturuli 
gradienti kristalizaciis sazRvarze 20-80 grad/sm; gazis wneva kristalizaciis 
kameraSi – 1,15-1,25 105 pa 

LSO:Ce-is ufro srulyofili kristalebis miRebis mizniT icvleboda vol-
fram-molibdenis  gamaxureblebisa da ekranebis konstruqcia.  LSO:Ce-is kristale-
bis vertikalurad mimarTuli kristalizaciis meTodiT gazrdisas gamoiyeneboda 
milakiseburi molibdenis gamaxureblis konstruqcia ori diafragmiT, rac tempe-
raturis gradientis regulirebis saSualebas iZleoda. 

monokristalebis xarisxis zrdis siCqaresa da temperaturis gradientze 
damokidebulebis Seswavlam gviCvena, rom ufro srulyofili  kristalebi miiReba 
0,6-dan 1,6-mde mm/sT zrdis siCqareebis dros. gamokvlevebma aCvena, rom tempe-
raturuli gradientis zrdisas zrdad kristalebSi izrdeba Siga daZabuloba, 
magram mcirdeba CaWerili minarevebis ricxvi. luminescenciuri analizisaTvis ni-
muSebi mzaddeboda gazrdili kristalidan erTgvarovani nawilebis amoWrisa da 
meqanikuri damuSavebis saSualebiT. optikuri Tvisebebis gaumjobesebis mizniT, 
xdeboda nawili am nimuSebis gamowva (Ar+H2 nakadis) aRmdgen atmosferoSi, 1200 0C 
temperaturis pirobebSi 20 saaTis ganmavlobaSi. miRebul iqna LSO:Ce-is optikurad 
srulyofili nimuSebi daaxloebiT 10x10x10 mm3-is zomamde. polirebuli sibrtye-
ebiani paralelepipedebi zomiT 5x5x2 mm3 gamoiyeneboda  luminescenciuri gazom-
vebisaTvis.  

luteciumis oqsiorTosilikati miekuTvneba silikatebs, romelTa struqtura-
Si SiO4 tetraedrebis kuTvnili Jangbadis ionebis garda aris Jangbadis “Tavisufa-
li” ionebi. es “Tavisufali”ionebi dakavSirebuli aris luteciumis zogierT ion-
Tan e.w. “xiduri”kavSirebiT, romlebic ufro moklea, vidre yvela sxva kavSirebi 
mocemul struqturaSi. 

luteciumis erTi ionis - Lu1-is garSemo aris Svidi Jangbadi: misi koordina-
ciuli poliedri Seqmnilia xuTi JangbadiT, romlebic ekuTvnian SiO4 tetraedrebs 
da ori “Tavisufali” JangbadiT. luteciumis meore ionis       Lu2-is garSemo imyo-
feba eqvsi Jangbadi,   romlebic qmnian saxeSecvlil oqtaedrs, amaTgan oTxi ekuTv-
nis tetraedrebs, xolo danarCeni ori “Tavisufalia”. amrigad, Lu1-isaTvis sakoor-
dinacio ricxvi JangbadiT aris 7, xolo Lu2-isaTvis - 6. 

rodesac xdeba LSO-s legireba ceriumiT, igi ikavebs ZiriTadi ionebis Lu+3-is 
poziciebs Ce+3-is saxiT. vinaidan LSO-s struqturaSi luteciumis ionebi  ikaveben 
or sxvadasxva kristalografiul pozicias, ceriumis ionebsac aseve gaaCniaT ori 
pozicia, da amitom arsebobs ori saxis gamosxivebis centrebi - C1 da C2 (Andriessen 
J. et. al.1994, Merenga H. et. al. 1995). C1 mdgomareobas ukavSireben Jangbadis 6 atomis 
garemocvas, xolo Ce2 mdgomareobas - Jangbadis 7 atomis garemocvas.  

Ce ionebis energetikuli doneebis gamartivebuli struqtura Seicavs aRgzne-
bul dones  5d, romelic xuT xazs moicavs daaxloebiT 0.35 ev daSorebiT da Ziri-
Tadi mdgomareobis 4f duplets (2F7/2 da 2F5/2) daSorebiT 0,25 ev.  

sur. 1-ze mocemulia ceriumis sxvadasxva koncentraciiT Canacvlebuli Lu2-

xCexSiO5 kristalebis gatarebis speqtri. aq warmodgenilia Ce-is ionis ZiriTadi 4f 
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mdgomareobidan gaxleCil 5d doneebze eleqtronuli gadasvlebis Sesabamisi 
STanTqmis zolebi. speqtri Seicavs Ce3+-is Sesabamis farTo STanTqmis zolebs 
pikebiT 260, 295 da 360 nm-ze (gadasvlebi 4f→5d). gazomvebisas Ce3+-is mZlavr StanT-
qmasTan dakavSirebuli gajerebis Tavidan acilebisaTvis nimuSis sisqe unda 0,1 mm-
ze naklebi iyos, magram aseTi nimuSis damzadeba did sirTulesTan aris dakavSi-
rebuli. 

gamokvleul iqna kristalebis gamosxiveba 400 nm talRaze ultraiisferi da 
rentgenis sxivebiT maTi dasxivebis Semdeg. Cven nimuSebze gazomil aseTi saxis 
speqtrebSi (e.i. radioluminescenciisa an ultraiisferi sxivebiT aRgznebisas fo-
toluminescenciisa) ar aRiniSneba raime gansxvaveba, garda gansxvavebisa inten-
siobaSi. 

 

      
sur. 1.  Lu2-x Cex SiO5  kristalis gatarebis speqtri oTaxis temperaturaze. kristalis 

zomebia 5X5X1,5 mm3. 1 – x=0,2 won. %; 2 – x=0,1 won. %. 
 

LSO:Ce-is sxvadasxva nimuSze Catarebulma luminescenciurma gamokvlevam 
aCvena, rom gazrdili kristalis ufro srulyofili nawilebidan gamoWrili maRa-
li xarisxis nimuSebisaTvis  Ce3+-is emisiisa da aRgznebis speqtrebi mciredaa  
gansxvavebebuli. xoloNnimuSebSi, sadac aRiniSneba defeqtebis ufro  maRali kon-
centracia, Ce3+-is emisiisa da aRgznebis speqtrebi ufro mkveTrad gansxvavdeba. 
sur. 2 -ze naCvenebia gazrdili kristalis Reros gaswvriv aRebuli sxvadasxva 
nawilis speqtrebi. Ce3+-is emisiis zoli �= 430 nm-ze maqsimumiT, etyoba  Seesabameba 
kristalSi Ce3+ ionis sxva mdgomareobebs. kristalSi aratolfasovani mdgomareo-
bebi, albaT, warmoiqmneba defeqtebis (Ce3+ ionebis sxvadasxva ganawileba, marcv-
lebis sazRvrebis msgavsi defeqtebi da a.S.) siaxloves, romlebic kristalis am 
nawilebSia. am defeqtebis maxloblobaSi Ce3+-is aratolfasovan centrebze SesaZ-
lebelia imoqmedos Secvlilma lokalurma kristalurma velma, ris Sedegadac 
SesaZlebelia rom warmoiqmnas sxvadasxva mdgomareobebi da moxdes Ce3+-is 5d ener-
getikuli  doneebis gaxleCa. 

kristalebis dasxiveba xdeboda dabali wnevis vercxliswylis naTuris ul-
traiisferi gamosxivebiT an rentgenis sxivebiT. am SemTxvevaSi nimuSebi Tavsdebo-
da spilenZis antikaTodiani (35 kv, 10 ma) rentgenis milakis fanjris uSualo siax-
loveSi. kristalebis dasxiveba xdeboda oTaxis temperaturis pirobebSi.  Kris-
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tals ecemoda 103Mev-is toli energia wamSi. rentgenis sxivebi STainTqmeba nimuSis 
zeda Txeli fenis mier.  

luminescenciis registracia mimdinareobda modulaciuri meTodis gamoyene-
biT sinqronul deteqtirebasTan erTad.  

 

 
sur.  2.  axladgazrdili Lu2-xCexSiO5 (x=0,5 won. %)    

kristaluri zodis centraluri (mrudebi 1, 3) da periferiuli (mrudebi 2, 4) nawilebidan 
amoWrili firfitebis aRgznebisa (mrudebi 1, 2) da gamosxivebis (mrudebi 3, 4) speqtri oTa-
xis temperaturaze. kristalebis sisqea 2 mm. emisiis speqtri miRebulia rodesac aRgzneba 

xdeba λaR=350 nm., xolo aRgznebis ki λem=420 nm gazomvisas. 
 
 

rentgenis sxivebiT aRZruli Lu2-xCexSiO5 kristalebis luminescenciis intense-
obis ceriumis koncentraciaze damokidebulebis Seswavlisas x=0,2-0,25 won. % -is 
SemTxvevaSi daimzireba intensivobis maqsimumi. koncentraciis Semdgomi zrda amci-
rebs luminescenciis intensivobas. es miuTiTebs imaze, rom iwyeba luminescenciis 
koncentraciuli Caqroba. aseve icvleba luminescenciis intensivoba Lu2-xCexSiO5 
(x=0,2 won. %)  kristalebis sxvadasxva airis atmosferoSi gamowvis Semdeg. sur. 3-ze 
mocemulia rentgenis sxivebiT gamowveuli LSO:Ce  kristalebis luminescenciis 
intensivobis damokidebuleba nadnobSi ceriumis koncentraciaze (woniT %-Si) ga-
mowvamde da airis sxvadasxva atmosferoSi gamowvis Semdeg. 0,9 Ar + 0,1 H2 atmosfe-
roSi gamowvis Semdeg intensivoba daaxloebiT orjer izrdeba sawyis mdgomareo-
basTan SedarebiT. damatebiTi gamowvis Sedegad O2  atmosferoSi ki intensivoba 
naklebia sawyis mdgomareobaSi dafiqsirebuli luminescenciis intensivobaze. Ees 
miuTiTebs imaze, rom gamowvis Sedegad O2  atmosferoSi mkveTrad mcirdeba kris-
talSi aRZruli luminescenciis centrebi. 

Cvens mier Seswavlili iyo  Lu2-xCexSiO5 (x=0,2 won. %) kristalebis erTi da igive 
zodidan gamoWrili sxvadasxva sisqis nimuSebis luminescenciis speqtri rentgenis 
sxivebiT dasxivebisas. 

Sedegebi mocemulia sur. 4-ze. nimuSis sisqis gazrda amcirebs luminescenci-
is intensivobas. aseve mcirdeba mrudis pikis sigane. kerZod, mrudis mokletal-
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Rovani nawili inacvlebs grZeli talRebis mxares. mrudis grZeltalRovani nawi-
lic inacvlebs marjvniv, magram es wanacvleba umniSvneloa. 

unda aRiniSnos, rom Cveni Sedegebi Tavsebadia monacemebTan, sadac gazomvebi 
Catarebulia Coxralskis meTodiT gazrdil LSO:Ce nimuSebze. 

 

        
 
sur. 3.  rentgenis sxivebiT gamowveuli LSO:Ce  kristalebis luminescenciis intensivobis 
damokidebuleba nadnobSi ceriumis koncentraciaze (woniT %-Si) gamowvamde da airis xva-
dasxva atmosferoSi gamowvis Semdeg. 1 – kristalebis airis sxvadasxva atmosferoSi gamo-
wvamde; 2 – 0,9 Ar + 0,1 H2 atmosferoSi gamowvis Semdeg; 3 - 0,9 Ar + 0,1 H2 atmosferoSi gamo-
wvis Semdeg kidev damatebiT O2  atmosferoSi gamowvis Semdeg 
 

 
 

               
 
 
sur. 4. Lu2-x Ce x  SiO5  (x=0,2 won.%) monokristalis oTaxis temperaturaze luminescenciis 
intensivobis damokidebuleba nimuSis sisqeze gamosxivebis sxvadasxva talRisTvis.  
1 – luminescencia 380 nm-ze; 2 – luminescencia 400 nm-ze; 3 – luminescencia 420 nm-ze. 
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kliCis intruzivis Sedgeniloba meryeobs gabro-dioritebidan kvarcian dioritebamde 
da Seesabameba sustaddiferencirebul dabalkaliumian serias, xasiaTdeba K2O\Na2O fardo-
bis dabali mniSvnelobiT. rigi niSniT intruzivi formirebulia mcire siRrmeze, liTosfe-
ros naoWa sistemebis ensimatur zonaSi, xolo sxva niSnebiT depletirebuli mantiis zeda 
nawilSi. 
 

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: qristinav@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 K2O\Na2O 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. 
 

Петро- и геохимия габбро-диоритовых ортогнеисов р. Клыч (Большой Кавказ). K. Г. Варданаш-

вили, Н.И. Маисурадзе. Министерство просвещения и науки Грузии, ЮЛОП Институт геологии им. А. 
Джанелидзе, Тбилиси 0171, ул. М.Алексидзе, 1/9. E-mail: qristinav@yahoo.com 

          Состав Клычского интрузива меняется от габбро-диорита до кварцевого диорита и соответствует слабо-
дифференцированной, низкокалиевой серии, характерезуется низким соотношением K2O\Na2O. По некоторым 
признакам интрузив формировался на малой глубине в энсиматической зоне складчатых систем литосферы, а  
другими признаками - в верхней части деплетированной мантии. 

 
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 10km2 (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 K2O/Na2O – SiO2 diagram (Fig. 2) figurative points of the Klich gabbro-dioritic intrusive 
are disposed in Na-, K-Na- and Na-MORB series. In FeO∗/MgO-SiO2 and AFM diagrams (Fig. 3) they 
occupy the calc-alkaline and tholeiitic fields, but in Na2O+ K2O– SiO2 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 K2O/Na2O. 

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. 
 

 

 

kliCis gabro-diorituli intruzivi monawileobs kavkasionis kristaluri gu-
lis agebulebaSi da SiSvldeba mTavari qedis zonis sauReltexilo qvezonis far-
glebSi. intruzivis gamosavali dafiqsirebulia mTiani afxazeTis aRmosavleT 
nawilSi, md. kodoris saTaveebSi, daaxloebiT 10 km2-ze (nax.1). sxvadasxva avtoris 
mixedviT, intruzivi warmoadgenilia ”Tvalisebri” biotit-rqatyuariani da bioti-
tiani orTogneisebiT (Сомин, 1971), an gabroebiT da gabro-diorituli gneisebiT 
(Джавахишвили, 1970). Cveni monacemebiT, kliCis intruzivis Semadgenel qanebs Soris 
yvelaze farTo gavrcelebiT sargeblobs rqatyuariani da sustad gabiotitebuli 
dagneisebuli dioritebi, xolo SedarebiT damorCilebul raodenobiTaa gavrce-

                                                
∗ 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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lebuli maTi ukiduresi warmomadgenlebi _ gabroebi da, gansakuTrebiT, kvarciani 
dioritebi. intruzivis Semcav qanebs warmoadgens buulgenis seriis gvandris wye-
bis qanebi, romlebmac adrepaleozour droSi ganicada gvianbaikalur orogenul 
ciklTan dakavSirebuli stavrolituri faciesis Sesabamisi regionuli metamor-
fizmi. gvianpaleozour droSi gvandris wyebis qanebma, ukve kliCis intruzivis 
Semadgenel qanebTan erTad, ganicada variskuli orogenezis bretonul orofazas-
Tan dakavSirebuli prograduli regionuli metamorfizmi, romelic Seesabameba 
andaluzit-silimanitur barul tips da biotitian-muskovitiani gneisebis faciesis 
temperaturul pirobebs (Шенгелиа, Кецховели, 1982; Шенгелиа, 2000). garda amisa, kli-
Cis intruzivisa da Semcveli metapelituri kristaluri fiqlebis Sexebis zonaSi 
aRiniSneba kontaqturi metamorfizmis produqtis, masiuri metamorfuli qanebis – 
felsebis gavrceleba. 

kvarciani diorituli orTogneisebi daTariRebulia cirkonebis mixedviT (U-
Pl meTodi) da miRebulia konkordantuli asaki 320 mln. weli (Бибикова и др., 1991). am 
asaks miiCnevs m.somini orTogneisebis magmuri protoliTis kristalizaciis asakad 
(Петрология метаморфических..., 1991) da Tvlis, rom kliCis intruzivis Camoyalibeba 
danaoWebis sudeturi orofazisis Tanadroulia. amave avtoris azriT, kliCis 
orTogneisebi mantiuri warmoSobisaa. e. gamyreliZisa da d. Sengelias (Гамкрелидзе, 
Шенгелиа, 2005) mixedviT, kliCis intruzivis formireba ukavSirdeba danaoWebis 
bretonul faziss dasawyiss.  

rogorc zemoT avRniSneT, kliCis gabro–diorituli intruzivi met-naklebad 
Seswavlilia, magram petroqimiuri da geoqimiuri TvalsazrisiT igi damatebiT 
Seswavlas saWiroebda. qvemoT moyvnilia avtorTa mier miRebuli axali monacemebi 
(cxr. 1-2)* da am da ukve arsebuli masalis safuZelze agebuli diagramebi (sur. 1, 
2, 3, 4, 5, 6, 7, 8 da 9) da maTi interpretacia.  

rogorc  K2O/Na2O – SiO2  diagramidan Cans (sur. 2) kliCis gabro-diorituli 
intruzivis aRmniSvneli figuratuli wertilebi Na-, K-Na- da Na –MORB seriebSi 
ganlagda. FeO*/MgO-SiO2 da AFM diagramebze (sur. 3) isini kir-tute da toleitur 
velebSi Tavsdeba, xolo Na2O+K2O– SiO2  diagramaze (sur. 4) _ mxolod kir-tute 
serias Seesabameba.  

ACM da AFM ormag diagramaze (sur. 5) Seswavlili qanebis figuratuli wer-
tilebi ZiriTadad MAR-is da fuZe kumulatebis velebis maxloblad ganlagda, 
Ti/Cr-Ni diagramaze ki _ IAT -is velSi (sur. 6). TiO2-K2O da TiO2 _ FeO*/MgO diagramebis 
mixedviT (sur. 7, 8), kliCis gabro-diorituli intruzivis Sedgeniloba kunZulTa 
rkalebis bazaltebs upasuxebs.   

Ce/Pb-Ce, Sm/yb-Ce/Sm, Nb/Th-Nb diagramebis mixedviT kliCis intruzivis amgebi 
qanebis aRmniSvneli fuguratuli wertilebi MORB, IOB da MORB+OIB velebSi gan-
Tavsda. Th/Y – Nb/Y, Th/Yb-Ta/Yb da La/Nb-Ti diagramebis mixedviT ki maTi Sedgeniloba 
Seesabameba MORB. Th/Yb-Nb/Yb diagramaze wertilebi depletirebuli mantis velSi 
ganlagda, xolo Rb/Y-Nb/Y mixedviT ki _ Sua da qveda qerqul warmonaqmnebs 
upasuxebs, (ix. sur. 9).  

kliCis gabro-diorituli intruzuli qanebis spaidergramebi xasiaTdeba dax-
ris mcire kuTxiT da dadebiTi Eu-is minimumebiT (sur. 10), rac tipiuri saSualo 
mJavianobis qanebisTvisaa damaxasiaTebeli. 

amgvarad, kliCis gabro-diorituli orTogneisebis petroqimiuri da geoqi-
miuri Seswavlis Sedegad dgindeba, rom intruzivis Sedgeniloba:  

1. meryeobs gabro-dioritebsa da kvarcian dioritebs Soris;  
2. Seesabameba sustaddiferencirebul dabalkaliumian serias; 
3. xasiaTdeba K2O/Na2O dabali SefardebiT;  

aRsaniSnavia agreTve, rom rigi niSniT intruzivi miekuTvneba mciresiRrmul 
magmur kerebs, romelTa formireba xdeba liTosferos naoWa sistemebis ensimatur 
zonaSi, xolo sxva niSnebiT igi msgavsia depletirebuli mantiis zeda nawilSi 
generirebuli magmatitebisa. 
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sur. 1. kavkasionis MmTavari qedis sqematuri geologiuri rukis fragmenti (g. WiWinaZis   

gamouqveynebeli monacemebis mixedviT da avtorebis damatebiT) 
 
1_Tanamedrove myinvarebi da meoTxeuli naleqebi;@2_qvedaiuruli Tixa-fiqlebi da qviSaqve-
bi; 3-6 _ zedapaleozouramdeli metamorfuli kompleqsis buulgenis seria: 3_sisinis wyeba, 
4_kliCis wyeba, 5_gvandris wyeba; 6_ialbuzis qvezonis infrastruqturis migmatitebi; mag-
muri qanebi: 7_Suaiuruli diabazebi da diabaz-porfiritebi; gvianvariskuli kompleqsi: 
8_orqarsiani da biotitiani granitebi; 9_plagiogranitebi; 10_biotitiani da biotitian-rqa-
tyuariani kvarciani dioritebi, plagiogranitebi, plagiogranodioritebi; 11_kliCis gabro-
diorituli orTogneisebi (adrebretonuli?); 12_Secoceba, 13_rRvevebi, 14_qanebis wolis 
elementebi. 

 

 

 
 cxrili 1  

 
kliCis intruzivis gabro–diorituli orTogneisebis  

qimiuri Sedgeniloba (mas.%-Si) 
 

 
 

 

 

N SiO2  TiO2 Al 2O3 Fe
*
O MnO MgO CaO Na2O K2O P2O5 TOTAL 

K-2 54.87 1.11 16.92 9.91 0.15 4.46 5.67 2.31 2.51 0.64 98.56 
K-13 57.59 0.86 17.17 6.66 0.10 3.80 5.84 2.04 3.84 0.19 98.96 
K-14 49.75 1.11 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 8.91 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 7.20 0.07 3.50 7.30 2.70 0.70 0.15 99.82 
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cxrili 2 

iSviaTi elementebis Semcveloba (ppm) kliCis  
gabro-dioritul orTogneisebSi  

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  
 V 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  45.4  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  33.3  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  
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 U 0.278  0.443  0.151  0.220  0.09  
          

                 
 
 
 

sur. 2. kliCis gabro-diorituli orTogneisebis aRmniSvneli figuratuli wertilebis 
ganlageba K2O/Na2O – SiO2  diagramze 

         petroqimiuri seriebi: Na- natriumiani, Na-MORB – Suaokeanuri qedebis natriumiani,    
         K-Na_kali-natriumiani, K-kaliumiani;  punqtiriT naCvenebia mosazRvre xazebis   
         mosalodneli mdebareoba (О.А. Богатиков и др. 1987).  
 
 
 
 

              
                        
    

                                                          

 
 
 

sur. 3. kliCis intruzivis gabro-diorituli orTogneisebis aRmniSvneli figu  
       ratuli wertilebis ganlageba FeO*/Mg-SiO2 (Miyashiro, 1974) da AFM  
               (Колман,1979) diagramebze; T- toleituri bazaltebi; И-kirtute bazal-  
       tebi.  
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     sur. 4. kliCis gabro-diortuli orTogneisebis aRniSnuli figuratuli wertilebis   
             ganlageba K2O+Na2O – SiO2  diagramaze. seriebi: I _ toleituri, II _ kir-tute.   
                           (Колман, 1979).  
 
 
 
 
 

                      
   
 
sur. 5. kliCis gabro-diorituli orTogneisebis aRmniSvneli figuratuli wertilebis    
       ganlageba ACM da AFM diagramebze (Колман,1979).  
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sur. 6. IAT - kunZulTarkaluri da MORB - Suaokeanuri qedebis bazaltebis 
Ti/Cr – Ni diagrama (Beccaluva et al.,1983). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

sur. 7. kliCis gabro-diorituli orTgoneisebis aRmniSvneli figuratuli    
wertilebis ganlageba TiO2–K2O diagramaze I – kunZulTarkaluri bazaltebi; II 
– Suaokeanuri qedebis normaluri toleituri bazaltebi; III – Suaokeanuri 
qedebis gamdidrebuli bazaltebi; IV – Sidafilaqnuri bazaltebi; V – baqnebis 
aqtivizaciis zonebis bazaltebi. (Миронов ). 
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sur. 9. kliCis gabro-diorituli orTogneisebis aRmniSvneli figuratuli wertilebis  
       ganlageba Ce/Pb-Ce, Sm/Y-Ce/Sm, Th/Yb-Nb/Yb, Nb/Th-Nb, Th/Y-Nb/Y, Th/Yb-Ta/Yb,  
                                 Rb/Y-  Nb/Y, da La/Nb-Ti diagramebze (Boztung D. et al,  2007).  

sur. 8. kliCis gabro-diorituli orTogoneisebis aRmniSvneli figuratuli wer-
tilebis ganlageba TiO2 – FeO*/K2O diagramaze.  IAT - kunZulTarkaluri, OFB – Sua-
okeanuri da WPA - Sidafilaqnuri bazaltebis diskriminaciuli xazebi (Myiashiro, 
Shido,1975).  
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sur. 10. kliCis gabro-diorituili orTogneisebis iSviaTi elementebis 
spaidergramebi. standartizebulia qondritze (Taylor, McLennan, 1985). 
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jalovCatis gabroiduli intruzivis petro-geoqimiuri daxasiaTeba 
(kavkasioni) 
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jalovCatis rqatyuariani gabroiduli intruzivis petrogeoqimiuri maxasiaTeblebi 
Suaokeanuri qedebis bazaltebs (MORB) Seesabameba. gamoTqmulia mosazreba, rom intruzi-
vis protoliTis generireba moxda depletirebul mantiaSi subducirebuli wyliT mdidari 
MORB-is qanTa lRobis xarjze. 

 
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. 

 

Петрогеохимические характеристики габброидов Джаловчатского интрузива (Кавказ). Н. Маису-

радзе, Г. Чичинадзе. Министерство просвещения и науки Грузии, ЮЛОП Институт геологии им. А. Джане-
лидзе,  Тбилиси 0171, ул. М.Алексидзе, 1/9. Nik.mais@yahoo.co 

        Петрогеохимические параметры роговообманковых габброидов Джаловчатского интрузива соответству-
ют базальтам срединно-океанских хребтов. Высказывается мнение, что формирование протолита интрузива 
произошло за счет плавления субдуцированных  в деплетированной мантии богатых водой пород (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 25km2 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 Fe2+ 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 Na20+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 TiO2/FeO+Fe2O3, 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 K2O/ TiO2 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.  

 
 
 
jalovCatis gabroiduli intruzivi gaSiSvlebulia kavkasionis mTavari qedis 

RerZuli nawilis Crdilo da samxreT ferdebze daaxloebiT 25 km2 farTobze. is 
upiratesad warmodgenilia rqatyuariani gabroebiT, aseve rqatyuariani gabro-
noritebiT da noritebiT. intruzivSi farTod aris ganviTarebuli mcire simZ-
lavris gabro-pegmatitebis, anorTozitebis da mikro-gabroebis ZarRvuli sxeulebi 
(sur. 1-2). 

 
 
  

                                                                                         
 
 
 
 
 
 
 
 

  
 
 sur. 1. anorTozitebi jalovCatis gabroidul       sur. 2. mikrogabros daika. 
        intruzivSi qmnian eruptiul breqCiebs.  
 

 
gansakuTrebiT aRsaniSnavia gabro-pegmatitebis ZarRvebi rqatyuaris gigantu-

ri kristalebiT, romelTa sigrZe zogjer 0.5 metrs aRemateba (sur.3) 
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sur. 3 gabro-pegmetiti. rqatyuaris giganturi kristalebi 

anorTozitul masaSi 
 
 

qvemoT mocemulia axali petrogeoqimiuri monacemebi intruzivis Semadgeneli 
qanebidan (cxr. 1-2). 

amfibolebi, a.vulis diagnostikuri diagramis monacemebiT (Alan R. Woolley at.all, 
1997) magneziohastingsitsa da magneziorqatyuaras upasuxebs (sur. 4)  

hastingsitsa da rqatyuaraSi, momatebulia Mg-is raodenoba sadac is 
anacvlebs Fe2+-s izovalenturi izomorfizmis gziT.  
     jalovCatis gabroul intruzivs analogi ar gaaCnia ara mxolod kavkasionis 
mTavari qedis zonaSi, aramed saerTod kavkasiaSi. miuxedavad amisa, igi petro-geo-
qimiurad ar aris saTanadod Seswavlili. gamoTqmulia mosazreba, rom jalovCatis 
intruzivis formireba xdeboda qerqis Rrma horizontSi wyliT mdidari baiosuri 
bazalturi magmis kristalizaciis Sedegad (Чичинадзе,1977).  
      AFM da Na2O+K2O/Si – diagramebze (sur.5) wertilTa umravlesoba toleitur 
bazaltTa velSi an mis maxloblad aris ganlagebuli.  
      Seswavlili nimuSebidan mxolod erTi  moxvda kirtute bazaltTa velSi. es 
nimuSi aRebulia metapelituri Sedgenilobis qsenoliTTan uSualo kontaqtSi, 
ramac, rogorc Cans ganapiroba misi anomaluri qceva diagramaze. aqve aRvniSnavT, 
rom es nimuSi aseve gamonaklisia sxva diagramebis SemTxvevaSic.  

       ACM-AFM ormagi diagramis mixedviT (sur.6) nimuSebi Suaokeanuri qedebis da 
fuZe kumulatebis amsaxvel velebSi gadanawilda. 

K2O/ TiO2 – diagramaze (sur.8) wertilebi Suaokeanuri qedis normalur da 
gamdidrebuli Semcvelobis velebSia moqceuli.  

Th/Nb/Y – mixedviT jalovCatis intruzivi depletirebuli mantiis vels ,xolo 
Sm/Y-Ce/Sm – Suaokeanur bazaltTa vels upasuxebs. 

Th/Y da Nb/Y-is fardoba MORB-is , Th/Yb-Ta/Yb da La/Nb-Ti –isa N MORB-is Sedge-
nilobas Seesabameba, xolo Rb/Y da N/Y – qveda qerqul warmonaqmnebs pasuxobs. 
moulodneli gamonaklisia Ce/Pb-Ce da Nb/Th-Nb – diagramebi, sadac figuruli 
wertilebi primitiul mantis velSi ganlagda (sur.9). 
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cxrili 2 
iSviaT da iSviaTmiwa elementebis Semcveloba jalovCatis intruzivis qanebSi  (ppm) 
 

 

 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

iSviaTi elementebis gansazRvra Sesrulebulia taivanis nacionalur universitetSi 

  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 
 V 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  35.2  15.1  51.8  
 Ni 31.3  84.4 13.7  15.9 8.39  58.9  
Cu 21.1 72.4 43.1  46.4  11.5 33.4  
Zn 67.6 80.4 85.7 84.0  57.2  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  24.3  4.18  11.5  22.4  
Sr 154 159 202 276 175 76.8 
Y 31.6 37.2 30.2  7.47  20.3 37.0  
Zr 34.8 35.6 47.2 50.9 90.3  77.5  
Nb 1.86 3.11  3.10  11.0  2.90  3.48 
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  75.3 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 5.43  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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sur. 4. amfibolebis diagnostikuri diagramebi (Alan R. Woolley at.all, 1997) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        T - toleituri bazaltebi                          normaluri (I) da gazrdili (II)  
        И - kirtute bazaltebi                            tutianobis velebi bazaltebSi  

 
 

sur. 5 jalovCatis intruzivis amgebi qanebis figuratuli 
wertilebis ganlageba. AFM  da Na2O+K2O/Si diagramebze 
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sur. 6 jalovCatis intruzivis amgebi qanebis figuraluri wertilebis 
ganlageba ACM da AFM diagramebze (Колман,1979) 

 
 
 
 
 
 

 

 
 
 
 kunZulTarkaluri (IAT), Suaokeanuri (OFB)             WPB-Sidafilaqnuri bazaltebi 
 da Sidafilaqnuri (WPA) bazaltebis                   VAB+MORB-kunZulTarkaluri da    
 diskriminaciuli xazebi (Myiashiro, Shido, 1975)           Suaokeanuri qedebis bazaltebi                 
                                                                                                                      VAB-kunZulTarkaluri bazaltebi 
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                    IAT- kunZulTarkaluri da MORB             IAT- kunZulTarkaluri, MORB Suaokeanuri 
          Suaokeanuri qedebis bazaltebi             da WPB Sidafilaqnuri bazaltebi 
                (Beccaluva et al.,1983)                                                 (Hatzipanagiotou k. Pe-Pier1994) 
 

sur. 7. jalovCatis intruzivis amgebi qanebis figuruli wertilebis ganlageba 
TiO2/FeO+Fe2O3,  Zr/Y-Zr, Ti-Cr/Ni da Ti-Cr-Y triangularul diagramebze 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
sur.8.  jalovCatis intruzivis amgebi qanebis figuruli wertilebis ganlageba K2O/ TiO2 – 

diagramaze. I – kunZulTarkaluri bazaltebi; II – Suaokeanuri qedebis normaluri 
toleituri bazaltebi; III – Suaokeanuri qedebis gamdidrebuli bazaltebi; IV – 

Sidafilaqnuri bazaltebi; V – baqnebis aqtivizaciis zonebis bazaltebi. 
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sur. 9. jalovCatis intruzivis amgebi qanebis figuruli wertilebis ganlageba.Th/Nb/Y, 
Sm/Y-Ce/Sm, Th/Y,  Nb/Th-Nb, Th/Yb-Ta/Yb , La/Nb-Ti ,Rb/Y, N/Y, Ce/Pb-Ce  da Nb/Y diagramebze. 
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sur. 10. REE ganawilebis spaidergrama        REE ganawilebis spaidergrama jalovCatis  
        toleiruri bazaltebisaTvis                             intruzivSi  

 
 
spaidergramebi xasiaTdeba TiTqmis horizontaluri mimarTulebiT, sustad 

gamoxatuli Eu-is minimumebiT da msubuqi iSviaTmiwa elementebiT odnav gaRaribe-
biT (sur.10). 

msgavsi spaidergramebi s. teilorisa da s. mak-lenanis (Taylor,McLennan,1988) 
mixedviT damaxasiaTebelia tipiuri toleituri bazaltebisTvis. SedarebisTvis 
mogvyavs am avtorebis mier gamoqveynebuli spaidergramebi arqauli asakis tole-
ituri bazaltebisaTvis. MORB – is spaidergramasTan SedarebiT maT axasiaTebT msu-
buqi iSviaTmiwa elementebiT gaRaribeba. am ukanasknelis Sedareba jalovCatis 
inrtuzivis spaidergramebTan mowmobs maT kidev ufro gaRaribebaze msubuqi iSvi-
aTmiwa elementebiT. yovelive es aSkarad miuTiTebs mantiis TandaTanobiT gaRa-
ribebaze zemoaRniSnuli elementebiT geologiuri drois ganmavlobaSi. 

Cvens mier warmodgenili mTavari, iSviaTi da iSviaTmiwa elementebis amsaxve-
li diagramebi moulodnel kanonzomierebaze miuTiTebs. kerZod – jalovCatis gab-
rouli intruzivis petro-geoqimiuri maxasiaTeblebi upiratesad MORB-s – anu 
Suaokeanuri qedebis bazaltur warmonaqmnebs upasuxebs. erTi SexedviT, es ano-
maluri movlenaa, radgan sayovelTao cnobil e.w. “ofiolitur” WrilSi – baliSa 
lavebi, paraleluri daikebi, normaluri da kumulaturi gabro da maT qvemoT mom-
yol ultrabazitebSi fiqsirebuli ar aris magmuri warmonaqmnebi, warmodgenili 
upiratesad giganturprizmuli rqatyuariani gabro da gabro-pegmatitebiT. 

petromineralogiuri da petro-geoqimiuri monacemebis analizis safuZvelze 
gTavazobT jalovCatis intruzivis formirebis Semdeg models: intruzivi mie-
kuTvneba subduqciur geodinamikur tips. depletirebul mantiaSi subducirebulia 
MORB-is qanTa sistema, romelic rogorc cnobilia mdidaria wyliT. magmur kera-
Si rqatyuaris da miTumetes misi giganturi zomis kristalebis ganviTarebisTvis 
aucilebelia wyliT mdidari magmuri rezervuaris arseboba, rasac ganapirobebda 
subducirebuli MORB-is qanebis lRoba. Cveni Sexeduleba sqematurad warmod-
genilia (sur. 11). 

aucilebelia SemdgomSi jalovCatis intruzivis qanebis izotopuri kvlevebis 
Catareba.  
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sur. 11. xmelTaSua zRvis moZravi sartylis kavkasiis kveTis sqematuri palinspasturi 
profili (Гамкрелидзе, Шенгелиа, 2005). 1 – kontinenturi qerqi; 2 – subkontinenturi qerqi; 3 
– okeanuri qerqi da obducirebuli ofiolitebi; 4 – zeda mantia; 5 – mantiis siTburi, 
fluiduri da magmaturi nakadebi; 6 – Suaokeanuri qedebi; 7 – subduqciis zonebi; 8 – 
subduqciis uZravi an mcred moZravi zonebi; 9 – dedamiwis qerqis teqtonikuri ganSrevebis 
zedapirebi. 
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yazbegis mosapirkeTebeli qvis 

breqCiuli bazaltis Sedgeniloba da genezisi 
 

k. lobJaniZe 
 

saqarTvelos ganaTlebisa da mecnierebis saministros ssip aleqsandre janeliZis 
geologiis instituti, 0171 Tbilisi, m. aleqsiZis q. 1/9. el.fosta: klobzhanidze@posta.ge 

 
yazbegis mosapirkeTebeli qva warmoadgens mwvane feris, breqCiuli agebulebis, kargi 

dekoratiuli iersaxisa da maRali fizikur-meqanikuri Tvisebebis mqone qans. breqCiis nate-
xebi warmodgenilia bazaltiT, xolo cementi _ epidotiT, iSviaTad kvarciT da kalcitiT. 
breqCiuli bazaltis ZiriTadi sabado mdebareobs yazbegis raionis teritoriaze md. dev-
dorakis saTaveSi, sadac igi moqceulia myinvaris qveS. am mosapirkeTebeli masalis warmoe-
ba damyarebulia md. devdorakis qvemo welSi arsebuli lodnaris damuSavebaze. analogiu-
ri warmonaqmnebi gvxvdeba agreTve piriqiTa xevsureTis teritoriaze (arxotSi). es warmona-
qmnebi ar aris Seswavlili da saWiroa maTi gamokvleva. 

 
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. 

 
Состав и генезис Казбекского облицовочного камня – брекчиевого базальта. К. Лобжанидзе. 

Министерство просвещения и науки Грузии. ЮЛОП Институт геологии им. А.Джанелидзе, Тбилиси 0171, ул. 
М.Алексидзе 1/9. E-mail: klobzhanidze@posta.ge 

Казбекский облицовочный камень - зеленого цвета, брекчиевого строения, с хорошим декоративным ви-
дом и высокими физико-механическими свойствами. Обломки брекчии представлены базальтом, а цемент эпи-
дотом, и редко, кварцем и кальцитом. Основное месторождение брекчиевого базальта расположено в Казбекс-
ком районе в верховьях р. Девдораки под ледником. Производство данного облицовочного камня основано для 
обработки валунов находившихся в нижнем течении р.Девдораки. Аналогичные породы распространены на 
территории Хевсурети (Архоти), которые не изучены и требуют дальнейшего исследования. 
 

 

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 m3.  

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 
Tbilisi.  A nice decorative pattern of this stone makes possible to produce decorative wares of high quality 
and thus to develop its industry. 
 
 

yazbegis raionSi gvxvdeba breqCiuli agebulebis mwvane feris mosapirkeTebe-
li qva, romelic cnobilia yazbegis qvis saxelwodebiT. mwarmoeblebi da momxmar-
eblebi am qvas sruliad arasworad “diabazs” uwodeben. am qanis detalurma geo-
logiur-petrografiulma Seswavlam migviyvana im daskvnamde, rom es aris breqCiu-
li agebulebis bazalti. Cven mas Semoklebulad “breqCiuli bazalti” vuwodeT. 

aRniSnuli mosapirkeTebeli masalis petrografiul-mineralogiuri Seswavla 
adre ar Catarebula da arc genezisis sakiTxi iyo garkveuli. mocemuli statia 
Seicavs Cvens mier Catarebuli kvlevis Sedegebs. 

breqCiuli bazaltis ZiriTadi sabado mdebareobs md. Ddevdorakis (md. Tergis 
marcxena Senakadis) saTaveSi myinvaris qveS, sadac es qanebi zedapirze gamoCenilia 
mcire ubnebis saxiT (sur. 1). ZiriTadi sabados damuSaveba SeuZlebelia, ara mxo-
lod myinvaris mier dafarulobis, aramed rTuli reliefisa da ugzoobis gamo. 

bazalturi vulkanogenebi ganlagebulia liasur naleqebSi da warmoadgens 
Tanadroul wyalqveSa vulkanizmis produqtebs. bazaltebi  baliSisebri agebule-
bis lavebiT aris warmodgenili. 

bazaltis lodebi sakmaod bevria md. Cxeris gaSlil xeobaSi, romelSic kar-
gad Cans maTi baliSisebri agebuleba.  

aRniSnuli mosapirkeTebeli qvis sabadod miCneulia md. devdorakis qvemo we-
lSi, mis marjvena napirze arsebuli lodnari, romelic myinvarul-aluviuri war-
moSobis aris (sur. 2).   

gegmaSi am sabados samkuTxedis forma aqvs, romlis fuZe md. devdorakis md. 
TergTan SesarTavis axlos mdebareobs, xolo simaRle md. devdorakis xeobis gas-
wvriv aris mimarTuli (sur. 3). f. WipaSvilis mixedviT misi farTobi daaxloebiT 
1,5 km2-s Seadgens da zRvis donidan 1500 -1600 metrze mdebareobs. mosapirkeTebeli 
qvis masalis raodenoba mTlian samTo masaSi 3 - 4 %-s ar aRemateba, xolo maragi 
61300 m3 Seadgens. 

analogiuri warmonaqmnebi gavrcelebulia agreTve piriqiTa xevsureTis teri-
toriaze (arxotSi), sadac es qanebi monawileobs vulkanogenuri kompleqsis Semad-
genlobaSi, romelic WimRis kldis saxelwodebiT aris cnobili. 

erTgvarovani natexebisTvis damaxasiaTebelia afiruli struqtura. qanis Zi-
riTadi masa warmodgenilia vulkanuri miniT, romelic zogjer sustad aris gan-
kristalebuli. am masisTvis damaxasiaTebelia hialopilituri struqtura. minebriv 
masaSi plagioklazis mikroliTebi Tanabradaa ganawilebuli, magram uwesrigod 
aris ganlagebuli. qani xSirad saRia, magram zogjer leistebi da mTlianad qanic 
Canacvlebulia sericitiT, an prenitiT. mikroskopSi Cans qanis forovani agebu-
leba, romelic Sevsebulia ZiriTadad qloritiT, epidotiT, kalcitiT da kvarciT. 
xSirad forebis centralur nawilSi moTavsebulia qloriti karbonatTan erTad, 
xolo garSemo mas Semovlebuli aqvs epidotis arSia. 

Seswavlil mosapirkeTebel qvas breqCiuli agebuleba aqvs. natexebis zomebi 
farTo sazRvrebSi meryeobs – ramdenime mm-dan 40 – 50 sm-mde.Bbazaltis msxvili 
natexebi Secementebulia mwvane feris wvrilbreqCiuli masaliT. es masala warmo-
dgenilia epidotiT da masSi CarTuli qanis mcire zomis natexebiT (sur. 4, 5). 

zog SlifSi Cans qanis gakveTa epidot-coizit-qloritis mcire zomis ZarRve-
biT, romelTa sigane 2_2.5 mm-s ar aRemateba. 

rogorc aRvniSneT breqCiis mozrdili natexebi  Secementebulia wvrilbreqCi-
uli zolebiT da ubnebiT, romelsac xasxasa mwvane feri aqvs. es zolebi da ubne-
bi agebulia epidotiT da mis mier Setacebuli qanis wvrili, dakuTxuli natexeb-
iT. maTSi iSviaTad Sedis kvarci da kalciti. swored es ubnebi da zolebi aZlevs 
mosapirkeTebel qvas egzotikur da dekoratiul iersaxes. 
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sur. 1. breqCiuli bazaltis ZiriTadi gamosavlebi myinvar devdorakis qveS 
 
 
 
 
 
 
 
 

 
 
 

sur. 2. breqCiuli bazaltis sabado md. devdorakis qvemo welSi 
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sur. 3. yazbegis raionis CrdiloeTi nawilis sqematuri geologiuri ruka  
f. WipaSvilis mixedviT. 

 
 
 

 
 
 

 
 

sur. 4, 5. breqCiuli bazalti. 



 217

cxrili 1 
 

breqCiuli bazaltis qimiuri analizebis Sedegebi 

 
 
#1, 2 _masiuri qani breqCiidan, yazbegi; 
#3 _epidotiani zoli breqCiidan, yazbegi;  
#4 _masiuri qani breqCiidan, arxoti; 
#5 _epidotiani zoli breqCiidan arxoti;                  
#6 _bazaltis saSualo analizi delis mix. 

 
 
 

Cvens mier aRebuli breqCiuli bazaltis nimuSebis koleqciidan qimiuri anal-
izebisaTvis SevarCieT erTgvarovani natexebis da epidotis zolebis masala. amas-
Tan erTad ori nimuSi SevarCieT arxotis Temis teritoriaze aRebuli analogiuri 
breqCiidan. erTi aris masiuri qanis  nimuSi, xolo meore epidotiani zolidan. qi-
miuri analizebi Catarda kavkasiis mineralur nedleulTa institutSi (cxr. 1). 

yazbegis raionis liasur naleqebSi arsebuli vulkanuri warmonaqmnebis asaki 
geoqronologiuri meTodebiT dadgenili ar aris. 

 
 

cxrili 2 
 

breqCiuli bazaltis fizikur-meqanikuri maxasiaTeblebi                         
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es aris bazalturi Sedgenilobis, ZiriTadad baliSisebri lavebi, romelic 
moqceulia wiklauris wyebaSi, romelic g. CixraZis (1972) mixedviT plinsbaxurs mi-
ekuTvneba, xolo m. TofCiSvilis (1996) mixedviT plinsbaxuria da toarsulis qveda 
horizontebsac unda moicavdes. vulkanogenuri qanebis stratigrafiuli mdeba-
reobis mixedviT unda davaskvnaT, rom vulkanizmi terigenul naleqdagrovebasTan 
erTad mimdinareobda da maSasadame vulkanogenebi liasuri asakis aris. WimRis 
kldis analogiuri warmonaqmnebi m. beriZis mier (1991) plinsbaxur-qvedatoarsulad 
aris daTariRebuli. 

mosapirkeTebeli qvis sabado warmoSobilia liasuri baliSa lavebis teqto-
nikuri msxvrevisa da hidroTermuli xsnarebidan gamoyofili epidotiT, nawilob-
riv kalcitiTa da kvarciT Secementebis gziT. 

 
yazbegis mosapirkeTebeli qvis ZiriTad sabados xazobrivi gavrceleba aqvs, 

rac agreTve adasturebs am ubanSi rRvevis arsebobas. rogorc Cans am rRvevas lo-
kaluri gavrceleba aqvs, radgan aRmosavleTiT arsebul md. Cxeris xeobaSi breq-
Ciuli bazaltis masala ar Cans da myinvaruli lodnari warmodgenilia mxolod 
baliSa lavebiT. msgavsi arabreqCiuli warmonaqmnebi gvxvdeba agreTve WiuxebSi, sa-
dac bazaltis baliSebs Semovlebuli aqvs epidotis arSiebi, agreTve epidotiT 
aris amovsebuli baliSTaSoris areebi (sur. 6).  

breqCiuli bazaltis warmoeba damyarebulia md. devdorakis da md. Tergis 
xeobebidan amoRebuli lodebis damuSavebaze.  

sabados SezRuduli maragis gamo breqCiuli bazalti didi nagebobebis mosa-
pirkeTeblad ar aris gamoyenebuli. am qviT mopirkeTebulia SedarebiT mcire zo-
mis nagebobebi stefanwmindaSi, duSeTsa da TbilisSi. 

breqCiuli bazaltis warmoebis gafarToeba SesaZlebelia im SemTxvevaSi Tu 
mas gamoviyenebT ara mxolod mosapirkeTebelad, aramed rogorc sanaxelavo_deko-
ratiul masalas. es masala SeiZleba gamoviyenoT sxvadasxva formis da zomis su-
venirebis, samkaulebis dasamzadeblad da Senobebis interieris mosapirkeTeblad, 
agreTve SeiZleba gamoyenebul iqnas mozaikaSi. 

arxotis sabados damuSaveba jerjerobiT SeuZlebelia ugzoobisa da mis Se-
saxeb informaciis simciris gamo. 
 
daskvna 

 
yazbegis mosapirkeTebeli qvis sabado warmoadgens breqCiuli agebulebis ba-

zalts. am qanis mimarT saxelwodeba “diabazis” xmareba sruliad gaumarTlebelia. 
breqCiuli bazaltis ZiriTadi sabado mdebareobs myinvar devdorakis midamoebSi, 
sadac es qani mxolod nawilobriv aris zedapirze gamoCenili. sabadod miCneulia 
md. devdorakis qvemo welSi md. Tergis SesarTavTan arsebuli morenul-aluviuri 
warmoSobis lodnari. breqCiuli bazalti aris mwvane feris, kargi dekoratiuli 
ierisa da maRali fizikur-meqanikuri Tvisebebis mqone qani, romelSic breqCiis 
natexebi Secementebulia epidotis, iSviaTad kalcitisa da kvarcis masaliT. 

aRniSnuli mosapirkeTebeli qvis sabado warmoSobilia liasuri baliSa lave-
bis teqtonikuri msxvrevisa da hidroTermuli xsnarebidan gamoyofili epidotiT 
Secementebis gziT. 

analogiuri warmonaqmnebi gavrcelebulia agreTve arxotis Temis teritoria-
ze, sadac es qanebi monawileobs vulkanuri qanebis kompleqsSi, romelic WimRis 
kldis saxelwodebiT aris cnobili. 

kargi dekoratiuli iersaxis gamo breqCiuli bazalti SeiZleba gamoyenebul 
iqnas, rogorc sanaxelavo dekoratiuli masala. misgan SeiZleba damzaddes sxvada-
sxva zomisa da formis suvenirebi, samkaulebi da sxv. 
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sur. 6. baliSa lavebi WiuxebSi. 
 
 

 
 

sur. 7. magida samebis taZarSi 
 
 

 
 

sur. 8. Senobis fasadi TbilisSi rusTavelis gamzirze. 
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