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Abstract. Palaeofloras of the Paleogene in Serbia are relatively rare, especially
in comparison with floras from Neogene sediments. Most Paleogene phytoas-
sociations from the territory of Serbia existed in a dry and warm climate. The
youngest Paleogene phytoassociation originates from the Pranjani Basin
(Western Serbia), locality Kamenica. The age of this palaeoflora is determined
as Late Oligocene. This fossil plant assemblage is different from other Paleo-
gene phytoassociations.The palaeoflora from Kamenica is characterized with
leaf imprints larger than in other Paleogene fossil floras. Furthermore, it differs
in 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 of
the broad-leaved evergreen forests are Laurus, Magnolia, “Quercus”, etc.

Ancrpakr. [laneorene ¢yiope y Cpbuju cy peslaTUBHO peTKe, oceGHO Y Mo-
pebewy ca HeoreHuM ¢Jiopama. BehuHa nmaneoreHux ¢uToaconujauja ca
TepuTopuje CpOHje je eraucToBaslay CyBUM U TOIIUM KauMaTuMa. Hajmuiaha
nasieore”a ¢purtoaconujanuja je paopa Kamenuue ([Ipamancku 6aceH, 3ana-
Ha Cp6uja). CtapocT naneodsope Kamenuie je ogpehena kao msahe osnuro-
neHcka. CactaB oBe pocusiHe dJiope ce pasdKyje oJ] OCTaJHUX NajeoreHux
duToacouujanuja. [laneodpsopy KameHnurie kapakTepulily JUCHU OTUCLY Be-
hux guMeH3uja Hero y ApyruM ¢Jiopama nasneoreHa. Takobhe, dsiopa Kamenu-
11e ce pa3JIMKyje 1 110 TAKCOHOMCKOM cacTaBy. Y 0Boj najieoduToacoHjaliUjU
npeoBJiahyjy YeTHHAPU U eJIEMEHTH IINPOKOJIMCHEe BeYHO3eJ /IeHe BereTaluje.
Y apyrum naseoreHuM ¢sopama eseMeHTH IIMPOKOJIMCHO-BEYHO3EJeHe
BereTalyje cy u3y3eTHO PeTKH.

Y naneodurtoacouujanuju [IpamaHckor 6aceHa JOMUHUPAjy KoHHMdepH, No-
ce6Ho Glyptostrobus, Pinus, Sequoia w Tetraclinis. IIpeacTaBHUIIU IIHPOKO-
JINCHe BeYHO3eJ/IeHe BereTaljyje Cy 3acTyIJbeHU pojoBuMa Laurus, Magnolia,
“Quercus” u gp.
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Introduction - geological setting

The Pranjani Basin is part of the West Morava
Graben (also known as the Cacak-Kraljevo Basin).

Located on the northwestern border of the Cacak-
Kraljevo Basin, the Pranjani Basin covers an area of
45 km? and is elongated in an east-west direction
(Fig. 1). On the southeast it is limited by the slopes of
Maljen and Suvobor, while the north side is framed
by peridotit-serpentine massif. (EREMIJA et al., 1977).
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Fig. 1. Position of Cadak-Kraljevo Basin and position of palae-
oflora locality.

According to the changes of lithological compo-
sition it is possible to divide the Pranjani Basin into
three horizons:

The oldest horizon is located in the western part
of the basin (the village of Kamenica) and it consists
of well cemented conglomerates and breccias lying
directly over the peridotite-serpentine rock. Above
them is a sequence of alternating sandstones, con-
glomerates and marlstones. Well preserved remains
of fossil plants and fish have been found in these
sediments. The second horizon is a “multicoloured
series”,of a depth of about 100 m. There is no ob-
served direct contact with the layers of the older
horizon. This horizon is composed of sandstones
and sands with thin layers of conglomerates, dolo-
mitic limestones and shales as well as one interca-
lation of tuffits. The third horizon consists of marls
and shales (ERemMIjA et al., 1977).

The fossil fish Smerdis minutus (BLAINVILLE) (AN-
PELKOVIC, 1989) was found in the first horizon’s
marls. This finding confirms the Oligocene age of the
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sediments. The remains of the fossil plants, which
are the subject of this paper; originate from the same
sediments.

Based on fossil fish finding and comparison with
other similar Early Miocene floras, the deposits of
the first horizon probably correspond to the upper
parts of the Late Oligocene-Early Miocene.

The Zapadna Morava Graben, also known as the
Cacak-Kraljevo Basin, is the largest Intradinaric de-
pression which extends NW-SE. Block downthrows
along NW-SE faults and later ruptures of E-W and
some of NE-SW trends, controlled the formation of
the Graben and its geometry. A characteristic of the
Zapadna Morava Graben is the large subsidence of
the Ottnangian-Karpatian, probably superposed
upon similar movements of the Oligocene-Miocene.
The central Graben sank the most, over a relatively
wide area. (MARroviC et al., 2007).

A gravity anomaly map (Fig. 2) was compiled in
order to check the correlation between the position
of Neogene basins and the distribution of gravity
anomalies. Neogene basins are filled with sediments
of low density, in comparison to the density values
of the basement and surrounding rocks. In the pre-
sented study area (Fig. 2), the position of Neogene
basins mostly coincides with low gravity values, but
it is not a general case. Gravity anomalies are
strongly influenced by the complex configuration of
the basin basements and surrounding geology, im-
plying a relatively shallow basin depth. The location
of the Kamenica paleontological site is in a zone of
abrupt changes of gravity anomaly values, probably
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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)
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in the vicinity of a steep (gravitational or reverse)
fault of SE-NW direction.

The Paleogene and Neogene deposits in last few
years were investigated from different aspects (e.g.
DorpEVIC-MILUTINOVIC, 2018; RADOVIC, 2018; JovANOVIC
et al.,, 20193, 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 lie
across the serpentine. These sediments are charac-
terized with considerable depth.

Table 1. Identified taxa from Kamenica locality.

Palaeoecology and palaeoclimatology

About one hundred leaf imprints have been col-
lected at the Kamenica locality. Considering the rel-
atively small number of specimens, there is a rich
taxonomical diversity (Table 1).

Analyzing the character of the leaf imprints mor-
phology it can be observed that leaves with entire
margin and brochidodromous or eucamptodro-
mous venation, which correspond to subtropical
dendroflora, prevail (categorization WoLFg, 1971).
Most plant taxa have brochidodromous or eucamp-
todromous venation. Most abundant are microphyl-
lous leaves, while the presence of notophyllous

Taxon

No specimen

Pinus palaeontaphylla TANAI & ONOE
Pinus hepios (UNGER) HEER

Pinus sp. - cone

Pinus sp. - seed

Sequoia abietina (BRONGNIART) KNOBLOCH
Taxodium dubium (STERNBERG) HEER
Glyptostrobus europaeus (BRONGNIART) UNGER
Glyptostrobus sp. - seed

Tetraclinis salicornioides (UNGER) KVACEK
Magnolia mirabilis KOLAKOVSKIY

“Laurus” princeps HEER

“Quercus” cruciata Al. BRAUN

Mpyrica lignitum (UNGER) Al. BRAUN
Juglans acuminata Al. BRAUN ex UNGER
Acer sp. (FRucTUS)

Acer sp.

Mahonia bilinica (UNGER) KVACEK & BUZEK

Ziziphus ziziphoides (UNGER) WEYLAND

Ziziphus sf. Tiliaefolius ETTINGSHAUSEN

Platanus neptuni (Ettinghausen) BuZek, Holy & Kvacek
Ulmus pyramidalis GOEPPERT

Betulaceae gen. et sp. indet.

“Bumelia” minor (UNGER) UNGER

Nyssa sp. - seed

Leguminosites sp.

Dicotylophyllum sp.

Daphnogene polymorpha (Al. BRAUN) Ettingshausen forma bilinica (UNGER) SITAR & KVACEK

Rhodomyrthophyllum reticulosum (ROSSMASSLER) KNOBLOCH & KVACEK
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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 prevail
in Kamenica palaeoflora. The other representative
of 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 the
banks of the river and the margins of the lake basin.

A significant number of samples in this locality
belongs to pines: Pinus hepios (Plate 1 Fig. 5), Pinus
palaeopentaphylla (Plate 1, Figs. 1, 3, 4, 7).

Vegetation elements of temperate climate are
very rare, and represented only by a few imprints of
Betulaceae and Ulmaceae.

Based on the taxonomical composition of palaeo-
phytoassociation and leaf morphology, it has been
inferred that the climate was subtropical and humid
during the existence of this plant association
(WoLrE, 1971; WiLE1997; Traiseret al., 2005).

Comparisons between the flora of
Kamenica and other Oligocene and
Early Miocene floras in Serbia

The palaeoflora of Kamenica has been compared
to the Oligocene and Lower Miocene floras from the
territory of Serbia. Palaeovegetation from Kamenica
differs from other Oligocene floras due to the exis-
tence in a wetter climate. The climatic conditions in
the period when the Kamenica palaeophytoassoci-
atione xisted were much more similar to those of
the Early Miocene. The taxonomic composition of
the palaeoflora of Kamenica is a mix of Late Oligo-
cene and Early Miocene floras from Serbia.

The Late Oligocene flora of Bogovina (PANTIC &
PavLovi¢, 1977) from eastern Serbia is a palaeophy-
tocoenosis of subtropical-tropical climate. In this
palaeoflora conifers prevails, especially Sequoia but
broad-leaved elements are rare. In this palaeophy-
toassociation dominate xeromorphic leaves from
angiosperms.

In the Oligocene flora of Divljana (Koritnica Basin
- Southeastern Serbia) (MiHAjLOVIC, 1985) xerophytes
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Ziziphus ziziphoides (UNGER) Weyland predominate.
Contrary to the flora of Kamenica, there are also, rare
humid forms and numerous xeromorphic elements
of vegetation in the palaeovegetation of Divljana.

In the palaeoflora of Kosanicka Raca (Central
Serbia), (MiHAjLOVIC, 1985) Oligocene age, xeromor-
phic plant forms predominate. The climate during
the existence of palaeovegetation was arid, subtrop-
ical-tropical.

Arid plant associations dominated by Ziziphus
ziziphoides originate from Metohija Late Oligocene
sediments (the Strezovac Basin, Southern Serbia)
(MiLovaNovi¢, 1969). In this palaeoflora xerophylous
and subxerophylous plant forms predominate.

The palaeoflora of Kamenica is not as arid as
most 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 only
two specimens in the Kamenica palaeoflora.

Lower Miocene floras of Serbia, such as the flora
from the Valjevo-Mionica basin (Western Serbia)
(PANTIC, 1956; LazAREVIC et al., 2013), Zagubica basin
(eastern Serbia) (MiLovANOVIC & MiHAJLOVIC, 1984;
LAZAREVIC & MILIVOJEVIC, 2010) and Popovac (Central
Serbia) (PANTIC, 1956; LAzZAREVIC, 2008) are typically
broad-leaved evergreen vegetation. In these palae-
ofloras Lauraceae, especially Daphnogene predom-
inate. Conifers are more abundant in the Kamenica
palaeoflora than in most of the Early Miocene floras
of Serbia. During the Early Miocene paleoclimatic
conditions in Serbia were warm and humid as can
be inferred from the vegetation of that time. The
flora of Kamenica also indicates the subtropical-
tropical, humid character of the climate. Palaeoveg-
etation of Kamenica is distinguished from the Early
Miocene floras by a rare representation of Daphno-
gene and lower proportion of elements of evergreen
broad-leaved vegetation.

Conclusions

Palaeofloras of the Paleogene in Serbia are rela-
tively rare, especially in comparison with floras
from Neogene sediments. Most Paleogene phytoas-
sociations from the territory of Serbia existed in dry
and warm climate. The youngest Paleogene phy-
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toassociation originates from the “Pranjani Basin”
(Western Serbia), locality Kamenica. The age of this
palaeoflora is determined as the Late Oligocene
based on fish fossil and comparison with other sim-
ilar floras of Oligocene and Early Miocene in Serbia.
This fossil plant assemblage is different from other
phytoassociations of Paleogene and Early Miocene.
The climatic conditions in the period when the Ka-
menica palaeophytoassociation existed were much
more similar to those of the Early Miocene. The tax-
onomic composition of the palaeoflora of Kamenica
is a mix of Late Oligocene and Early Miocene floras
from Serbia.

Paleoclimate estimates derived from the woody
dicotyledonous 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 in
the Late Oligocene.
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Pe3ume

[Naneopropa Kamenuue
(IpamaHCcKu 6aceH, 3anagHa Cpouja)

[Taneorene ¢pJiope y Cpbuju cy peslaTUBHO PETKE,
noce6GHO y nopehemy ca ¢pyiopama Mmyiahux nepuoaa.
Behuna  masneoreHux  ¢uToacoinujanuja  ca
TepuTopuje CpbUje Cy ersucToBasie y yCJI0BHMa CyBe
u Tomie kuauMe. Hajmsiaha mnasneoreHa ¢uro-
aconujanyja je ca Jjokaaurtera Kamenuna - Ilpa-
HBhaHCKU 6aceH (3amagHa Cpb6wuja). CtapocT oBe
nasieodJiope je oapeheHa kao MjaheosiMroyeHcKa
Ha OCHOBY o/ipeibe BpcTe pocuiHe pube, U3 UCTUX
ceguMeHata, Smerdis minutus (BLAINVILLE), Koja je
KapaKTepUCTUYHA 3a ouroleH (ANPELKOVIC, 1989),
Kao u mnopehewmeM ca cauyHUM mnaseodsopama
OJIUTOLleHA U JIOer MUoLieHa ca TepuTopuje Cpbuje.

[IpawaHcku GaceH je Jieo 3amaJJHOMOPABCKOT
rpabeHa ¥ HaJsla3d Ce Ha CeBepo3amajHOM Jiesy
rpabeHa. MMa u3riies; IMTKOT pOBa OrPaHUYEHOT
pacepuMa npyxamwa C3-JU u fogaTHO je UsgesbeH
Ha Mambe 6J10KoBe cucteMoM pacega CHU-]3 u U-3.
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To je meMO3UIMOHU NPOCTOP CA6OT UHTEH3UTETA
Tomema (MAroviC et al,, 2007).

BubHU dOCUIHM OCTalM Cy NMPUKYIJ/bEHU ca
JokanuTeta KameHnuke peke y ceny KameHuna.
JIUCHU OTUCLIU Cy U3 CUBUX, TabJIMYaCTHX JlaopaLa
KOjU JIee NIPEKO CepleHTUHUTA.

JlucHY oTHUCLM Cy ,06PO 0YYBaHU U yKa3yjy Ha
TO Jia je najieoBereTalyja HajBepoBaTHUje er3UcTo-
BaJia y 6JIM3UHU HeKaJallber je3epa.

[TaneoduTtoaconujanuja KameHuile ce kapakre-
pHlile JUCHUM OTUCLIMMa KOjU Cy BeNU Hero y Apy-
ruM mnajeoreHuMm ¢Jopama. Y mnopehbewy ca
OCTaJIUM OJIUTOLleHCKUM ¢JiopaMa, najseodJsiopa
KaMmeHnule je xymuiHUja U UMa Behu 6poj TakcoHa
KOjH yKa3yjy Ha BJIaXHY KJIHUMY J0K Cy KcepopUIHU
BereTallMOHU eJleMeHTH CJabo 3acTyl/beHU. 3a
pPasJIMKYy o] IokoMUoIeHCKUX dpuiopa Cpbuje koje
Cce KapakKTepuIly JOMMHALUMjOM LIWPOKOJIKCHE,
Be4YHO3eJIeHe BereTalyje U BeJUKOM 3acCTyIl/be-
Houthy Laureaceae, moce6Ho Daphnogene, y bsiopu
KameHue oBU QJIOPHU eJIeMEHTHU Cy Makbe IpHU-
CyTHH.

Ha OCHOBY APBE€HACTUX AUKOTHJIEJOHHNX CKPH-
BeHoceMeHHIa u3 KameHulile Mmoxe ce pehu fa je
KJIMMa y BpeMe er3ucToBama OBe Beretaluje 6ua
TOILJIA U BJIAXKHA, CYNITPOIICKO-TpoIicKa. OBako mo-
0/bHU KJUMATCKHU yCJIOBU MOTOAYjy GU/BHO] ac-
onyjanuju Mmaaber osuroueHa.
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Plate 1. Figs. 1, 3, 4, 7. Pinus palaeopentaphylla TaNal & 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 (x2); Fig. 14. Glyptostrobus sp. - seed (x2).
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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) KVACEK; Figs. 10, 14. Taxodium dubium(STERNBERG) HEER; Figs. 4, 7.

Tetraclinis salicornioides (UNGER) KVACEK(x2); Fig. 8. Tetraclinis salicornioides (UNGER) KVACEK - cone (x2); Fig. 15. Tetra-
clinis salicornioides (UNGER) KVACEK.
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Plate 3. Figs. 1-6. “Laurus” princeps HEER; Fig. 7. Nyssa sp. — seed (x4); Fis. 8. Rhodomyrthophyllum reticulosum (Ross-
MASSLER) KNOBLOCH & KVACEK; Fig. 9. Mahonia bilinica (UNGER) KVACEK & BUZEK; 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.
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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 & KvACEK; Figs. 11, 15. “Bumelia
minor (UNGER) UNGER; Fig. 10. Platanus neptuni (ETTINGSHAUSEN) BuZek, HoLy &KVACEK; Fig. 14. Ulmus pyramidalis GOEPPERT
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Palaeoflora of Kamenica (Pranjani Basin, western Serbia)

Plate 5. Figs. 1, 5. Myrica lignitum (UNGER) SAPORTA; Fig. 2. “Laurus” princeps HEER; Figs. 3, 4. Platanus neptuni (ETTING-
SHAUSEN) BuZek, HoLy &KvACEk; Fig. 6. Magnolia mirabilis KoLakovskiy; Fig. 7. “Quercus”cruciata Al. BRAUN; Fig. 8. Betulaceae
gen. et sp. indet.; Figs. 9, 10. Leguminosites sp.; Fig. 11. Dicotylophyllum sp.
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