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Abstract. Palaeofloras of the Paleogene in Serbia are relatively rare, especiallyin comparison with floras from Neogene sediments. Most Paleogene phytoas-sociations from the territory of Serbia existed in a dry and warm climate. Theyoungest Paleogene phytoassociation originates from the Pranjani Basin(Western Serbia), locality Kamenica. The age of this palaeoflora is determinedas Late Oligocene. This fossil plant assemblage is different from other Paleo-gene phytoassociations.The palaeoflora from Kamenica is characterized withleaf imprints larger than in other Paleogene fossil floras. Furthermore, it differsin taxonomical composition. The prevailing forms are conifers and represen-tatives of broad-leaved evergreen forests. In other Paleogene phytoassocia-tions, elements of broad-leaved evergreen forests are extremely rare. The dominating elements in the palaeoflora of Kamenica are the conifers, es-pecially Glyptostrobus, Pinus, Sequoia and Tetraclinis. The representatives ofthe broad-leaved evergreen forests are Laurus, Magnolia, “Quercus”, etc.Key words:
Macroflora, Late Oligocene,
Pranjani Basin, Kamenica

Апстракт. Палеогене флоре у Србији су релативно ретке, посебно у по -ређењу са неогеним флорама. Већина палеогених фитоасоцијаија сатериторије Србије је егзистовала у сувим и топлим климатима. Најмлађапалеогена фитоасоцијација је флора Каменице (Прањански басен, запад -на Србија). Старост палеофлоре Каменице је одређена као млађе олиго -ценска. Састав ове фосилне флоре се разликује од осталих палеогенихфитоасоцијација. Палеофлору Каменице карактеришу лисни отисци ве -ћих димензија него у другим флорама палеогена. Такође, флора Камени -це се разликује и по таксономском саставу. У овој палеофитоасоцијацијипреовлађују четинари и елементи широколисне вечнозелене вегетације.У другим палеогеним флорама елементи широколисно-вечнозеленевегетације су изузетно ретки.У палеофитоасоцијацији Прањанског басена доминирају конифери, по -себно Glyptostrobus, Pinus, Sequoia и Tetraclinis. Представници широко -лисне вечнозелене вегетације су заступљени родовима Laurus, Magnolia,
“Quercus” и др.Кључне речи:

макрофлора, млађи олигоцен,
Прањански басен, Каменица



Introduction – geological settingThe Pranjani Basin is part of the West MoravaGraben (also known as the Čačak-Kraljevo Basin).Located on the northwestern border of the Ča čak-Kraljevo Basin, the Pranjani Basin covers an area of45 km2 and is elongated in an east-west direction(Fig. 1). On the southeast it is limited by the slopes ofMaljen and Suvobor, while the north side is framedby peridotit-serpentine massif. (ereMIja et al., 1977).

according to the changes of lithological compo-sition it is possible to divide the Pranjani Basin intothree horizons:The oldest horizon is located in the western partof the basin (the village of Kamenica) and it consistsof well cemented conglomerates and breccias lyingdirectly over the peridotite-serpentine rock. abovethem is a sequence of alternating sandstones, con-glomerates and marlstones. Well preserved remainsof fossil plants and fish have been found in thesesediments. The second horizon is a “multicolouredseries”,of a depth of about 100 m. There is no ob-served direct contact with the layers of the olderhorizon. This horizon is composed of sandstonesand sands with thin layers of conglomerates, dolo -mitic limestones and shales as well as one interca-lation of tuffits. The third horizon consists of marlsand shales (ereMIja et al., 1977).The fossil fish Smerdis minutus (BLaINvILLe) (aN -đeLKOvIć, 1989) was found in the first horizon’smarls. This finding confirms the Oli gocene age of the

sediments. The remains of the fossil plants, whichare the subject of this paper, originate from the samesediments. Based on fossil fish finding and comparison withother similar early Miocene floras, the deposits ofthe first horizon probably correspond to the upperparts of the Late Oligocene-early Miocene.The Zapadna Morava Gra ben, also known as theČačak-Kraljevo Basin, is the largest Intradinaric de-pression which extends NW–Se. Block downthrowsalong NW–Se faults and later ruptures of e-W andsome of Ne–SW trends, controlled the formation ofthe Graben and its geometry. a characteristic of theZapadna Morava Graben is the large subsidence ofthe Ottnangian-Karpatian, probably superposedupon similar movements of the Oligocene-Miocene.The central Graben sank the most, over a relativelywide area. (MarOvIć et al., 2007).a gravity anomaly map (Fig. 2) was compiled inorder to check the correlation between the positionof Neogene basins and the distribution of gravityanomalies. Neogene basins are filled with sedimentsof low density, in comparison to the density valuesof the basement and surrounding rocks. In the pre-sented study area (Fig. 2), the position of Neogenebasins mostly coincides with low gravity values, butit is not a general case. Gravity anomalies arestrongly influenced by the complex configuration ofthe basin basements and surrounding geology, im-plying a relatively shallow basin depth. The locationof the Kamenica paleontological site is in a zone ofabrupt changes of gravity anomaly values, probably
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Fig. 1. Position of Čačak-Kraljevo Basin and position of palae-
oflora locality.

Fig. 2. Gravity anomaly map (Dg) with the position of Neogene
basins (yellow shaded areas) and the location of the paleontolog-
ical site Kamenica (pink dot)



in the vicinity of a steep (gravitational or reverse)fault of Se–NW direction.The Paleogene and Neogene deposits in last fewyears were investigated from different aspects (e.g.đOrđevIć-MILuTINOvIć, 2018; radOvIć, 2018; jOvaNOvIćet al., 2019a, b) and this paper is one more contri-bution to knowledge of these deposits.
Palaeofloristic composition:The leaf imprints, presently being studied, orig-inate from dark-gray, very compact marls which lieacross the serpentine. These sediments are charac-terized with considerable depth.

Palaeoecology and palaeoclimatologyabout one hundred leaf imprints have been col-lected at the Kamenica locality. considering the rel-atively small number of specimens, there is a richtaxonomical diversity (Table 1).analyzing the character of the leaf imprints mor-phology it can be observed that leaves with entiremargin and brochidodromous or eucamptodro-mous venation, which correspond to subtropicaldendroflora, prevail (categorization WOLFe, 1971).Most plant taxa have brochidodromous or eucamp-todromous venation. Most abundant are microphyl-lous leaves, while the presence of notophyllous
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Table 1. Identified taxa from Kamenica locality.



leaves are rare. representatives of humid subtropi-cal forest dominated in paleophytocenosis of Ka-menica: Glyptostrobus (Plate 1, Figs. 10, 14, 15, 17),
Sequoia (Plate 1, Figs. 2, 8, 12; Plate 2, Fig. 2), Taxo -
dium (Plate 1, Figs. 9, 11, 16; Plate 2, Figs. 10, 14),
Laurus (Plate 3, Figs. 1–6, 8). These taxons prevailin Kamenica palaeoflora. The other representativeof the humid subtropical forest is represented by the
Myrica (Plate 5, Figs. 1, 5) and Platanus neptuni(Plate 4, Fig. 10). These plant forms inhabited thebanks of the river and the margins of the lake basin.a significant number of samples in this localitybelongs to pines: Pinus hepios (Plate 1 Fig. 5), Pinus
palaeopentaphylla (Plate 1, Figs. 1, 3, 4, 7).vegetation elements of temperate climate arevery rare, and represented only by a few imprints ofBetulaceae and ulmaceae. Based on the taxonomical composition of palaeo-phytoassociation and leaf morphology, it has beeninferred that the climate was subtropical and humidduring the existence of this plant association(WOLFe, 1971; WILF,1997; TraISeret al., 2005). 
Comparisons between the flora of
Kamenica and other Oligocene and
Early Miocene floras in SerbiaThe palaeoflora of Kamenica has been comparedto the Oligocene and Lower Miocene floras from theterritory of Serbia. Palaeovegetation from Kamenicadiffers from other Oligocene floras due to the exis-tence in a wetter climate. The climatic conditions inthe period when the Kamenica palaeophytoassoci-atione xisted were much more similar to those ofthe early Miocene. The taxonomic composition ofthe palaeoflora of Kamenica is a mix of Late Oligo -cene and early Miocene floras from Serbia. The Late Oligocene flora of Bogovina (PaNTIć &PavLOvIć, 1977) from eastern Serbia is a palaeophy-tocoenosis of subtropical-tropical climate. In thispalaeoflora conifers prevails, especially Sequoia butbroad-leaved elements are rare. In this palaeophy-toassociation dominate xeromorphic leaves fromangiosperms.In the Oligocene flora of divljana (Koritnica Basin- Southeastern Serbia) (MIhajLOvIć, 1985) xerophytes

Ziziphus ziziphoides (uNGer) Weyland predominate.contrary to the flora of Kamenica, there are also, rarehumid forms and numerous xeromorphic elementsof vegetation in the palaeovegetation of divljana. In the palaeoflora of Kosanička rača (centralSerbia), (MIhajLOvIć, 1985) Oligocene age, xeromor-phic plant forms predominate. The climate duringthe existence of palaeovegetation was arid, subtrop-ical-tropical.arid plant associations dominated by Ziziphus
ziziphoides originate from Metohija Late Oligocenesediments (the Strezovac Basin, Southern Serbia)(MILOvaNOvIć, 1969). In this palaeoflora xerophylousand subxerophylous plant forms predominate.The palaeoflora of Kamenica is not as arid asmost of Oligocene floras in Serbia. In most of Oligo -cene floras of Serbia, the dominant element is xero-phytic Ziziphus ziziphoides, of which there are onlytwo specimens in the Kamenica palaeoflora.Lower Miocene floras of Serbia, such as the florafrom the valjevo-Mionica basin (Western Serbia)(PaNTIć, 1956; LaZarevIć et al., 2013), Žagubica basin(eastern Serbia) (MILOvaNOvIć & MIhajLOvIć, 1984;LaZarevIć & MILIvOjevIć, 2010) and Popovac (centralSerbia) (PaNTIć, 1956; LaZarevIć, 2008) are typicallybroad-leaved evergreen vegetation. In these palae-ofloras Lauraceae, especially Daphnogene predom-inate. conifers are more abundant in the Kamenicapalaeoflora than in most of the early Miocene florasof Serbia. during the early Miocene paleoclimaticconditions in Serbia were warm and humid as canbe inferred from the vegetation of that time. Theflora of Kamenica also indicates the subtropical-tropical, humid character of the climate. Palaeoveg-etation of Kamenica is distinguished from the earlyMiocene floras by a rare representation of Daphno-
gene and lower proportion of elements of evergreenbroad-leaved vegetation. 
ConclusionsPalaeofloras of the Paleogene in Serbia are rela-tively rare, especially in comparison with florasfrom Neogene sediments. Most Paleogene phytoas-sociations from the territory of Serbia existed in dryand warm climate. The youngest Paleogene phy-
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toassociation originates from the “Pranjani Basin”(Western Serbia), locality Kamenica. The age of thispalaeoflora is determined as the Late Oligocenebased on fish fossil and comparison with other sim-ilar floras of Oli gocene and early Miocene in Serbia.This fossil plant assemblage is different from otherphytoassociations of Paleogene and early Miocene.The climatic conditions in the period when the Ka-menica palaeophytoassociation existed were muchmore similar to those of the early Miocene. The tax-onomic composition of the palaeoflora of Kamenicais a mix of Late Oligocene and early Miocene florasfrom Serbia.Paleoclimate estimates derived from the woodydicotyledonous angiosperm from the Kamenica lo-cality indicate the climate was warm and humid,subtropical-tropical. Such favorable environmental and climatic con-ditions were reflected in the vigour of vegetation inthe Late Oligocene.
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Резиме

Палеофлора Каменице
(Прањански басен, западна Србија)Палеогене флоре у Србији су релативно ре тке,посебно у поређењу са флорама млађих периода.Већина палеогених фитоасоцијација сатериторије Србије су егзистовале у условима сувеи топле климе. Најмлађа палеогена фито -асоцијација је са локалитета Каменица – Пра -њански басен (западна Србија). Старост овепалеофлоре је одређена као млађеолигоценскана основу одредбе врсте фосилне рибе, из истихседимената, Smerdis minutus (BLaINvILLe), која јекарактеристична за олигоцен (aNđeLKOvIć, 1989),као и поређењем са сличним палеофлорамаолигоцена и доњег миоцена са територије Србије.Прањански басен је део Западноморавскогграбена и налази се на северозападном делуграбена. Има изглед плитког рова ограниченограседима пружања СЗ–ЈИ и додатно је издељенна мање блокове системом раседа СИ–ЈЗ и И–З.

То је депозициони простор слабог интензитетатоњења (MarOvIć et al., 2007).Биљни фосилни остаци су прикупљени салокалитета Каменичке реке у селу Каменица.Лисни отисци су из сивих, табличастих лапорацакоји леже преко серпентинита. Лисни отисци су добро очувани и указују нато да је палеовегетација највероватније егзисто -вала у близини некадашњег језера.Палеофитоасоцијација Каменице се кара кте -рише лисним отисцима који су већи него у дру -гим палеогеним флорама. У поређењу саосталим олигоценским флорама, палеофлораКаменице је хумиднија и има већи број таксонакоји указују на влажну климу док су ксерофилнивегетациони елементи слабо заступљени. Заразлику од доњо миоценских флора Србије којесе карактеришу доминацијом широколисне,вечнозелене вегета ције и великом заступље -ношћу Laureaceae, посе бно Daphnogene, у флориКаменице ови флорни елементи су мање при -сутни.На основу дрвенастих дикотиледоних скри -веносеменица из Каменице може се рећи да јеклима у време егзистовања ове вегетације билатопла и влажна, суптропско-тропска. Овако по -ољни климатски услови погодују биљној ас -оцијацији млађег олигоцена.
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Plate 1. Figs. 1, 3, 4, 7. Pinus palaeopentaphylla TaNaI & ONOe; Figs. 2, 8, 10, 12. Sequoia abietina (BrONGNIarT) KNOBLOch;Fig. 5. Pinus hepios (uNGer) heer; Fig. 6. Pinus sp. - cone; Figs. 9, 11, 16. Taxodium dubium (STerNBerG) heer; Figs. 15,17. Glyptostrobus europaeus (BrONGNIarT) uNGer; Fig. 13. Pinus sp. - seed (×2); Fig. 14. Glyptostrobus sp. - seed (×2).
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Plate 2. Figs. 1, 12. Glyptostrobus europaeus (BrONGNIarT) uNGer; Fig. 2. Sequoia abietina (BrONGNIarT) KNOBLOch; Figs.3, 5, 6, 9, 11, 12, 13. Tetraclinis salicornioides (uNGer) KvaČeK; Figs. 10, 14. Taxodium dubium(STerNBerG) heer; Figs. 4, 7.
Tetraclinis salicornioides (uNGer) KvaČeK(×2); Fig. 8. Tetraclinis salicornioides (uNGer) KvaČeK - cone (×2); Fig. 15. Tetra -
clinis salicornioides (uNGer) KvaČeK.
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Plate 3. Figs. 1–6. “Laurus” princeps heer; Fig. 7. Nyssa sp. – seed (×4); Fis. 8. Rhodomyrthophyllum reticulosum (rOSS-MäSSLer) KNOBLOch & KvaČeK; Fig. 9. Mahonia bilinica (uNGer) KvaČeK & BuŽeK; Fig. 10. Acer sp. (seed); Fig. 11. Juglans
acuminata al. BrauN ex uNGer; Fig. 12. Acer sp.; Fig. 13. Dicotylophyllum sp.; Fig. 14. Ziziphus cf. tiliaefolius eTTINGShauSeN.



ZoricA LAZArEVić, LjUBicA MiLoVAnoVić, jELEnA MiLiVojEVić & iVAnA VASiLjEVić

Geol. an. Balk. poluos., 2019, 80 (2), 53–6362

Plate 4. Figs. 1, 7, 9, 12, 16. “Laurus” primigenia uNGer sensu WeyLaNd; Figs. 2, 3. Ziziphus zizyphoides (uNGer) WeyLaNd;Figs. 4–6. Daphnogene polymorpha(al. BrauN) ettingshausen forma bilinica (uNGer) SITar & KvaČeK; Figs. 11, 15. “Bumelia”
minor (uNGer) uNGer; Fig. 10. Platanus neptuni (eTTINGShauSeN) BuŽeK, hOLy &KvaČeK; Fig. 14. Ulmus pyramidalis GOePPerT
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Plate 5. Figs. 1, 5. Myrica lignitum (uNGer) SaPOrTa; Fig. 2. “Laurus” princeps heer; Figs. 3, 4. Platanus neptuni (eTTING-ShauSeN) BuŽeK, hOLy &KvaČeK; Fig. 6. Magnolia mirabilis KOLaKOvSKIy; Fig. 7. “Quercus”cruciata al. BrauN; Fig. 8. Betulaceaegen. et sp. indet.; Figs. 9, 10. Leguminosites sp.; Fig. 11. Dicotylophyllum sp.




