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ABSTRACT. The Sarmatian deposits in the vicinity of the town of Mtskheta were studied by palynological
method. All layers of the section contain pollen and spores. Of great interest is the presence of palynomorphs in
Upper Sarmatian deposits, a large part of which on the territory of Kartli is represented by continental sediments.
© 2010 Bull. Georg. Natl. Acad. Sci.
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Sarmatian deposits are widely distributed on the
territory of Eastern Georgia (Fig.1). By faunistical and
lithological data they are divided into three substages:
Volhinian, Bessarabian and Khersonian.

On the territory of Kartli the Lower Sarmatian is
conformably bedding on the Konkian deposits and is
represented by clayey sediments with intercalations of
limestones and sandstones. Lower Sarmatian is
characterized well by fauna [1].

The deposits of Middle Sarmatian are comfortably
bedding on Lower Sarmatian. They are represented by
blue-grayish or green-grayish clays with rich fauna of
mollusks [1].

In the Kartli depression the Upper Sarmatian is
represented by fresh-water continental deposits of so-
called Natskhorian suite. In some sections it is divided
into two parts: lower – clayey sandstone and upper,
built of sandy clay deposits [1].

On the territory of Kartli one of the full sections of
Sarmatian deposits is situated in the vicinity of the town
of Mtskheta. Recently it was studied by Koiava [3]. He
began the description of layers from the Aragvi valley,
where the Lower Sarmatian is represented by clayey
sandstone deposits with remains of macrofauna [1, 4].

The Middle Sarmatian deposits are cropped out on
the left bank of the Aragvi in the vicinity of Bebristsikhe.
From this locality the rich assemblage of foraminifersFig. 1. Geological map of Mtskheta region [2].
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was described by Koiava [3]. By the data of this author,
different layers of Middle Sarmatian are represented here.
The big sizes of shells of Porosononion subgranosus
hyalinus (Bogd.), the number of individuals and absence
of other representatives of this genus, point to the
presence in the Bebristsikhe section of the upper layers
of Middle Sarmatian. The boundary between Middle and
Upper Sarmatian in this section presumably is drawn
according to the appearance of the lenses of conglo-
merates, pointing to the change in the cycle of sedi-
mentation [3].

The same Aragvi-Bebristsikhe section was described
by us and samples for palynological analysis were

collected. Below is given the list of plants whose spores
and pollen grains were found in the deposits of Lower,
Middle and Upper Sarmatian (Table 1).

The Sarmatian deposits of Mtskheta region are
characterized by rich spore-pollen assemblages. In its
composition 113 forms belonging to 10 classses, 72
families and 79 genera were determined. Between Lower
and Middle Sarmatian there are no differences. In both
parts the composition of flora is nearly the same. Much
poorer is the flora of Late Sarmatian, in which the total
number of components decreases. The impoverishment
of flora occurred at the expense of thermophilous plants
- ferns, conifers and angiosperms (Tables 1, 2).

Table 1.

Common list of the Sarmatian flora.

Class Family Species Lower Middle Upper 
Bryopsida  Sphagnaceae Sphagnum sp.   p 

Lycopodiopsida Lycopodiaceae Lycopodium sp. p p   
Isoëtopsida Selaginellaceae Selaginella sp. p     

Ophioglossopsida Ophioglossaceae Botrychium sp.   p   
Ophioglossum sp.  p  

Polypodiaceae 

Schizaeaceae Schizaeaceae gen.indet. p p   

Anemiaceae Anemia sp. p p 
Mohria sp.   p   

Lygodiaceae Lygodium multivalatum (W.Kr.) Ram.  p  
Lygodium sp. p p p 

Pteridaceae 
Pteridacidites verus (Mtchedl.) Shat., Stuch.   p   
Pteridacidites  vittatoides Shat., Stuch. p   
Pteris sp. p p p

Adianthaceae Onychium sp. p   

Gleicheniaceae 
Clavifera sp.   p   
Gleichenia sp. p p p 
Gleicheniaceae gen.indet.   p   

Polypodiaceae 
Polypodium verrucatum Ram. p p 
Polypodium sp. p p p 
Polypodiaceae gen.indet. p p p 

Hymenophyllaceae Hymenophyllum sp. p     
Dicksoniaceae Dicksonia sp. p   p 
Cyatheaceae Cyathea sp. p p p 
Aspidiaceae Dryopteris sp. p   

Ginkgoopsida Ginkgoaceae Ginkgo sp. p p   

Pinopsida 

Podocarpaceae 
Dacrydium sp. p p   
Podocarpus sp. p p   

Pinaceae 

Abies sp. p p   
Cedrus sp. p p p
Keteleeria  caucasica Ram. p   
Picea  sp. p p p 
Pinus sp. p p p 
Tsuga sp. p p p 

Sciadopityaceae Sciadopitys sp.   p   
Taxodiaceae Taxodiaceae gen.indet. p p p
Cupressaceae Cupressaceae gen.indet. p p p 

Ephedropsida Ephedraceae Ephedra sp. p     
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Comptonia sp. p p p Myricaceae Myrica sp. p p p 
Carya sp. p p p 
Engelhardia sp. p p   
Juglans cinerea L.   p   
Juglans regia L.   p   
Juglans sp. p p p 
Platycarya sp. p p   

Juglandaceae 

Pterocarya sp. p p p 
Alnus sp. p p p 
Betula sp. p p p 
Carpinus betulus L. p   
Carpinus  caucasica Grossh. p p p 
Carpinus orientalis Mill. p p p 
Carpinus sp. p p p 

Betulaceae 

Corylus sp. p p p 
Castanea sp. p p p 
Castanopsis sp. p p p 
Fagus sp. p p p 

Fagaceae 

Quercus sp. p p p 
Celtis sp.   p p Ulmaceae Ulmus sp. p p p 

Eucommiaceae Eucommia sp. p     
Moraceae Moraceae gen.indet p p p 
Caryophyllaceae Caryophyllaceae gen.indet.   p   
Chenopodiaceae Chenopodiaceae gen.indet. p p p 
Tamaricaceae Tamarix sp.   p p 
Magnoliaceae Magnolia sp. p p p 
Saxifragaceae Saxifragaceae gen.indet.     p 
Berberidaceae Berberidaceae gen.indet     p 
Ranunculaceae Ranunculus sp. p p   
Platanaceae Platanus sp.   p  p  

Corylopsis sp.   p    
Disanthus sp. p p  Hamamelidaceae 
Fothergilla sp. p p   

Rosaceae Rosaceae gen.indet. p p p 
Geraniaceae Geranium sp.     p 
Fabaceae  Fabaceae gen.indet. p     
Anacardiaceae Rhus sp.   p p 
Aceraceae Acer sp. p p   
Hippocastanaceae Aesculus sp.   p   
Aquifoliaceae Ilex sp.   p p 
Rhamnaceae Rhamnus sp.     p 
Vitaceae Vitis sp.   p   
Celastraceae  Euonymus sp.     p 
Tiliaceae Tilia sp. p p p 
Elaeagnaceae Elaeagnus sp. p     
Violaceae Viola sp.   p   

Eucalyptus sp. p p   Myrtaceae Myrtaceae gen.indet. p p   
Nyssaceae Nyssa sp. p p p 
Cornaceae Cornaceae gen.indet. p p p 

Acanthopanax sp. p   
Brassaiopsis sp.   p   

 
 
 
 
 
 
Dycotyledoneae 
 
 
 
 
 
 
 
 
 
 
 
  

Araliaceae 
Araliaceae gen.indet. p p p 
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The percentage contents of pollen and spores is
given in the diagram (Fig.2), in which separate plants
are grouped according to their ecology and distribution
at different levels of relief, excepting the pine which is
an azonal plant. Judging by the diagram, forest was the
main formation of vegetation cover. Among conifers the
predominant tree was the pine, which was distributed
on all levels of relief. The dark conifers (Picea, Abies,
Tsuga) occupied a rather small territory, probably far from
the basin of accumulation.

Vast territories were covered by polydominant
forests of subtropical and warm-temperate plants. Their
distribution depended on the character of relief and
distance from the marine basin. The dominants of forests
were the representatives of the families Taxodiaceae,
Podocarpaceae, Juglandaceae, Myricaceae,
Betulaceae, Moraceae, Fagaceae, Araliaceae. The
lower layers of forests were composed of subtropical

ferns: Anemia, Mohria, Gleichenia, Polypodium,
Dicksonia, Cibotium. Among ferns there were forms
determined by artificial system.

The Lower Sarmatian deposits on the Aragvi river
(Fig.2, samples 1-7) are characterized by rich spore-pollen
assemblages, reflecting the existence of forests in
conditions of warm climate, close to subtropical. At the
beginning of Lower Sarmatian the area of pine was small.
Vast territories were covered with thermophilic conifers,
especially representatives of the family Podocarpaceae.
Large, almost equal areas were held by subtropical and
thermophilic broad-leaved trees. The generic composition
of subtropical ferns was very rich.

The character of spore-pollen assemblages differed
in the overlying deposits of Middle Sarmatian (Fig.2,
samples 8-12), in which the quantity of grasses decreases
and the number of thermophilic plants – trees and ferns
– is comparable high.

Apiaceae Apiaceae gen.indet. p p p 
Ericaceae Ericaceae gen.indet. p p  
Sapotaceae Sapotaceae gen.indet. p   
Symplocaceae Symplocos sp.  p  
Apocynaceae Apocynaceae gen.indet.  p  
Oleaceae Fraxinus sp. p   
Convolvulaceae Convolvulus sp.   p 
Caprifoliaceae Viburnum sp.   p 
Lamiaceae Lamiaceae gen.indet. p   
Plantaginaceae Plantago sp. p p p 
Valerianaceae Valeriana sp.  p  
Campanulaceae Campanulaceae gen.indet.  p  
Dipsacaceae Knautia sp.  p  

Artemisia sp.  p p 
Cichorium sp. p p p 

 
 
 
 
 
 
Dycotyledoneae 
 
 
 
 
 
 
 
 
 
 
 
  

Asteraceae 
Asteraceae gen.indet. p p p 

Poaceae Poaceae gen.indet. p p p 
Arecaceae Arecaceae gen.indet. p p  Monocotyledoneae 
Sparganiaceae Sparganium sp. p   

Fupingopollenites wackersdorfensis 
(Thiele-Pfeiffer) Liu Geng-wu  p p 

             Artificial  taxa 
 Tricolporopollenites edmundi (R.Pot.) Th. 
et Pf.  p  

Table 2.

Number of taxa in the composition of Sarmatian flora.

The total number Number of 
Cryptogams 

Number of 
Gymnosperms 

Number of 
Angiosperms Systematic 

units Low. Mid. Up. Low. Mid. Up. Low. Mid. Up. Low. Mid. Up. 

Form (species) 76 89 56 16 18 7 12 11 6 48 60 43 
Genus 54 64 41 13 13 6 10 9 4 31 42 31 
Family 49 54 38 13 10 6 6 6 3 30 38 29 
Class 8 8 4 3 4 1 3 2 1 2 2 2 
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The spore-pollen assemblages of the middle part of
Middle Sarmatian (Fig.2, samples 13-20) reflect the
increase of grasses and decrease of subtropical trees
and ferns.

The upper part of Middle Sarmatian (Fig.2, samples
22-24) differs by full predominance of rich polydominant
forests with subtropical and temperately thermophilic
components.

According to the character of palynoflora in Late
Sarmatian (Fig.2, samples 25-30) the area of forest
diminished. The part of subtropical plants was minimal in
its composition. The area of herbs significantly increased,
especially of representatives of families of Poaceae,
Chenopodiaceae and Asteraceae (genus Artemisia).

On the whole, the analysis of spore-pollen assembla-
ges of Aragvi-Bebristsikhe sections allows to trace the

dynamics of vegetation and climate and establish five
stages of development.

On the basis of palynological data, it is possible to
conclude that the main climatic factor that influenced
the development of vegetation on the territory of Kartli
was the regime of humidity. As is known, the end of
Middle Sarmatian was the turning-point in the Neogene
history of the Caucasus, when intensive orogenic
movements led to significant paleogeographical changes
[5, 6]. The area of the marine basin decreased and the
territory of Eastern Georgia transformed into dry land.
Fresh-water basins survived only here or there, where
the near-shore deposits with poor fauna of mollusks
were accumulated.

According to our data, the process of xerophytisation
on the territory of Kartli began in the Middle Sarmatian

Fig. 2. The fluctuation of percentage contents of pollen grains in the composition of spore-pollen assemblages of Sarmatian
deposits on the territory of Mtskheta district. The age of layers is determined by Siradze [4], Buleishvili [1] and Koiava [3].
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and was of oscillating character, expressed in the
alternation of stages with different humidity. During stage
III, characterized by low humidity, the area of forest
formation shrank and the expansion of herbs began. This
phenomenon assumed a more drastic character in Late
Sarmatian (stage V) expressed in the composition of flora
and peculiarities of vegetation. The area of herbs exten-
ded. The main components of forest were the pine and
deciduous plants, their majority presumably being shrubs.
These data confirm the conclusion on the existence of
steppes and semi-deserts on the territory of Kartli in Late
Sarmatian and subsequent stages of the Pliocene [7, 8].

Thus, the use of the palynological method allowed
us to trace the process of consistent replacement of

forest vegetation with xerophilous vegetation, which
began to predominate on the territory of Eastern Georgia
after the Middle Sarmatian. During this process five
stages of development of vegetation and climate took
shape, differing mainly in the regime of humidity. The
climate of stages I, II and IV was warm, humid, close to
subtropical. The climate of stage III and, especially, of
stage V was characterized by low humidity, being the
main reason of radical change of vegetation on the
territory of Eastern Georgia.

The identified stages of development of vegetation
and climate can be considered as the basis for the
subdivision of Sarmatian deposits of Kartli into small
stratigraphical units – palynozones.

paleobiologia

mcxeTis regionis (aRmosavleT saqarTvelo, qarTli)
sarmatuli naleqebis palinologiuri kvleva

i. Satilova*, n. mWedliSvili*, i. kokolaSvili**

* saqarTvelos erovnuli muzeumi, paleobiologiis instituti, Tbilisi
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sarmatuli naleqebi farTodaa gavrcelebuli aRmosavleT saqarTvelos teritoriaze. erT-
erTi sruli Wrili, romelic q. mcxeTis midamoebSi mdebareobs, iwyeba  md. aragvis xeobidan, sadac
qveda sarmatuli warmodgenilia makrofaunis naSTebis Semcveli Tixian-qviSaqviani naleqebiT.
Suasarmatuli naleqebi SiSvldeba md. aragvis marcxena napirze, bebriscixis midamoebSi, da
daxasiaTebulia foraminiferebis mdidari kompleqsiT. sazRvari Sua da zeda sarmatuls Soris am
WrilSi, savaraudod, gatarebulia konglomeratebis linzebis gamoCenis mixedviT, rac sedimentaciis
ciklis cvlilebaze miuTiTebs.

aRniSnuli Wrili Seswavlil iqna palinologiuri meTodiT. palinokompleqsis SemadgenlobaSi
gansazRvrulia 113 forma, romlebic 10 klass, 72 gvarsa da 79 ojaxs miekuTvneba. qveda da Sua
sarmatuls Soris didi sxvaoba ar aris; orive nawilSi floris Semadgenloba daaxloebiT erTnairia.
gacilebiT Raribia zeda sarmatulis flora, romelSic komponentTa saerTo raodenoba mcirdeba.
floris gaRaribeba moxda Termofiluri mcenareebis xarjze. palinologiuri kvlevis Sedegebi
datanil iqna diagramaze. diagramis analizi saSualebas gvaZlevs Tvali gavadevnoT tyis
mcenareulobis Tanmimdevrul Secvlas qserofituli mcenareulobiT, romlis gabatoneba aRmosavleT
saqarTvelos teritoriaze Sua sarmatulis Semdeg daiwyo. am procesis ganmavlobaSi dadgenil
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iqna havisa da mcenareulobis ganviTarebis oTxi etapi, romlebic erTmaneTisgan tenianobis reJimiT
gansxvavdeba. I da III etapebis hava Tbili, notio, subtropikulTan miaxloebuli iyo. II da,
gansakuTrebiT, IV etapebis hava dabali tenianobiT xasiaTdeboda, rac aRmosavleT saqarTvelos
teritoriaze mcenareulobis radikaluri Secvlis ZiriTad mizezs warmoadgenda.

havisa da mcenareulobis ganviTarebis gamoyofili etapebi SeiZleba ganvixiloT rogorc qarTlis
sarmatuli naleqebis wvril stratigrafiul erTeulebad – palinozonebad – danawilebis
safuZveli.
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