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Abstract: The Tikve$ Paleogene basin is located in the central part of the territory of Macedonia and belongs
to the central part of the Vardar zone. The flora collected in the sandstone-clay sediments from the lower flysch litho-
zone from the Serta locality (Tikves basin) has been recorded and described for the first time in Macedonia. One species
from the fossil flora has been identified as Equisetum parlatorii. These new findings provide information on the past
and present distribution and history of Equisetum and exemplify the importance of biogeographic and evolutionary
processes in the geological past. As one of the reasons for the reduction in the size of today's Equisetum from the recent
vegetation, the significant climatic changes that were the result of the Himalayan orogeny during the Late Miocene are

assumed.
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INTRODUCTION

The Paleogene is one of the most intriguing in-
tervals in the Earth history, marked by significant in
paleodynamic, palaeoclimate and in marine produc-
tivity. On the territory of Macedonia sediments of
Paleogene age are widespread and show certain
lithofaces diversity as a result of different condi-
tions of sedimentation in sedimentation basins. A
general characteristic of Paleogene sediments is that
they all lie transgressively through all older for-
mations from Precambrian to Mesozoic that along
the edges of the basins are represented by conglom-
erates and sandstones, while in the internal parts
there are fine-grained sediments, marls and clays.
Paleogene sediments of the Tikves basin are rich in
fossil and have been studied by several authors. The

first data for Late Eocene (Priabonian) age, based
on gastropods, bivalves, corals and nummulitids
from the Tikve§ basin, gave Maksimovi¢ et al.
(1954). Later Stojanova (Stojanova, 2008; Stojanova
et al., 2011, 2013; Stojanova, Petrov, 2012) also
confirmed the Upper Eocene-Oligocene range of
these sediments. The found association of benthic
foraminifers and nannofossils in the upper flysch
lithozone of Tikve§ Paleogene basin gives an
opportunity to identify a biostratigraphic subzone —
Bolivina which belongs to the zone Planulina cos-
tata (Bugrova, 1988) and nanofossil zone NP19 —
NP 21 (section Krivolak). The fossil flora found in
the lower flysch lithozone has been reviewed and
determined.

LITHOSTRATIGRAPHY OF PALEOGENE IN THE TIKVES BASIN

The Tikve$ basin is located in the central part
of the territory of Macedonia and belongs to the
central part of the VVardar zone (Figure 1).

Paleogene sediments developed in the Tikves
basin, extending in the direction of NW-SE, occupy
more than 20% of the area and have a great thick-
ness that reaches 3000-3500 m. Most of these are
found in edge parts of the Tikves basin while the
central parts of the basin are covered by Neogene

and Quaternary sediments. Paleogene in the Tikves
basin is developed in flyschoid and flysch facies.
Depending on the lithological composition of flysch
in Paleogene sediments there are four lithostrati-
graphic units: basal lithozone, lower flysch litho-
zone, lithozone of yellow sandstones, and upper
flysch lithozone. The basal lithozone of the Tikves
basin is represented by conglomerates, and sand-
stones which alternately change into clayey soil and
sandy marls, and pelitomorphic limestone.
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Fig. 1. Distribution of Paleogene sediments in the Tikves basin, Republic of North Macedonia:
1) Paleogene sediments. 2) Tectonic boundary: SMM — Serbian-Macedonian massif. VZ — Vardar zone.
WMZ — western Macedonian zone. 3) Basin boundary. 4) Tikve$ basin. 5) Studied section

The lower border of the basal lithozone is
transgressive, and the upper border is concordant,
and continuously passes into the lower flysch litho-
zone. The thickness varies from 350 to 700 m.

The lithological composition of the sediments
from the lower lithozone of the flysch is different
and is represented by several lithological members,
which change rhythmically, building certain seq-
uences of two, three or four members: medium-gra-
ined sandstone, fine-grained sandstone, marl, clay
and limestone. The lowest member of the sequence
is usually the coarsest grained and the highest is the
finest grained. Sandstones are the most common
members of the sequence and occur in beds and
banks 20-200 cm thick. Marls and clays are rarer
members of the sequence and occur in thin layers 5—
30 cm thick. The lower border is concordant and it
represents a gradational transition of basal lithozone
into lower flysch lithozone. The upper border is
concordant and sharp, and it stands out because of
the characteristic yellow-brown color of the sand-
stones covering the lower flysch lithozone. The
thickness of the lower flysch lithozone is 300 m.
The age of the sediments was previously determined
by fossil macrofauna macroforaminifers, macro-
flora as Upper Eocene (Maksimovi¢ et al., 1954;
Temkova, 1958).

The lithological composition of the lithozone
of yellow sandstones is represented with yellow
sandstones with layers and inner layers of clayey
soil and marls. The lower and upper borders of the
lithozone of yellow sandstones are continuous and
clear, which separates this unit from the lower and
upper flysch lithozone. The thickness of this litho-
zone ranges from 100 to 400 m. The age of the litho-
zone of yellow sandstones is determined as Pri-
abonian with macroforaminifera, gastropods, bival-
via and anthozoa (Maksimovi¢ et al., 1954; Tem-
kova, 1958). The upper flysch lithozone is isolated
as being a separate lithostratigraphic unit because of
the rhythmic occurrence and prevalence of clayey
soil and sandstones with the presence of thin inner
layers of marls, aleurolites and limestones. The low-
er border of the upper flysch lithozone is continu-
ous, clear, outlined and separated from the yellow
sandstones lithozone. The upper border of this litho-
zone is mostly covered in effusive rocks and younger
sediment deposits, parts of which are uncovered and
decomposed. The thickness of the upper flysch
lithozone ranges from 2000 to 2500 m. Late Eocene
(Priabonian) age of the upper flysch lithozone is de-
termined with microforaminifera, macroforaminife-
ra, gastropods, bivalves, anthozoa, and nanofossils,
given by Maksimovi¢ et al. (1954), DZuranov et al.
{1999); Stojanova (2008); Stojanova et al. (2011,
2013); Stojanova, Petrov, 2012, 2014); Valchev et
al. (2013).
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SERTA SECTION

The Serta section is located in the northeastern
part of the Tikves basin, 4 km SW of the village of
Leskovica (Figure 2), and it comprises about 100 m
of the lower flysch unit. It is represented by con-
glomerates of 1.3 m thick and layers of clays and

marls with a thin interlayers of sandstones by 0.15—
2.5 m thick (within the lower part), and alternating
layers of clays and sandstones (within the upper
part).
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Fig. 2. Geological map and profile of part of the Tikves$ basin with location of found macroflora.
Legend: Holocene: 1) Alluvium; 2) Deluvium; 3) Lower river terrace; 4) Middle river terrace. Pliocene: 5) Sandy series.
Upper Eocene: 6a) Yellow sandstones; 6b) Upper flysch lithozone; 7) Lower yellow sandstones; 8) Lower flysch lithozone;
9) Limestones; 10) Conglomerate flysch. Jurassic: 11) Spillite; 12) Diabase; 13) Schistous granite; 14) Medium granied granite;
15) Granite of Stip. Lower Paleozoic: 16) Marble; 17) Series of amphibolite schists with marble. Precambrian: 18) Amphibole schits;
19) Micaschists; 20) Biotite gneiss. 21) Location of macroflora found

A larger number of samples were taken from
the Serta section, and the sampling was carried out
in gray-green sandy-clay layers and charred organic
matter by 0.8 m thick (Figures 3 and 4). The fossil

Geologica Macedonica, 37 (1), 75-83 (2023)

flora found at this site has been reviewed and deter-
mined.

The sandstone with fossil remains of macro-
flora is marked with red lines.
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Legend:

Fig. 3. Geological section of Serta
Legend: 1) Deluvium. 2) The most alternating layers of clays and sandstones. 3) Sandy with fossil remains of macroflora
and carbonized organic material. 4) Conglomerates with mostly rounded pieces and a thin layer of clay.
5) Clay with thin layers of sandstone

Fig. 4. Profile photo of the Serta locality

MATERIAL AND METHODS

Macrofloristic research covers the lower flysch
lithozone of the Serta locality (Tikves basin). The
fossil flora was found in the sand-clay sediments
with a thickness of approximately 80 cm. A large
number of samples were collected, where a large
number of fragmented (4-15 cm long and 1-3 cm
wide) tubular and striated stems (rhizomes) with
root tubers were found. The color of the specimens

agrees most often with that of the rock (greenish
yellow to gray). The fossil remains were studied
macroscopically.

The classification based to Flora Europaea
(1964) defines Pteridophyta, Sphenopsida, Equi-
setaceae.

Systematic paleobotany. The paleoflora col-
lection found consists of a large number of im-

Geologica Macedonica, 37 (1), 75-83 (2023)
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pressions and molds of one kind of horsetail with Family: Equisetaceae Michx. ex de Candolle,

morphological details such as tubular and striated 1804.

stems (rhizomes) with root tubers. Genus: Equisetum parlatorii (Heer) Schimper
Division: Pteridophyta Schimper, 1879. 1869 (Plate 1, Figures 1-6) — Heer, 1855 (p. 109,
Class: Polypodiopsida Cronquist, Takht. & W. Plate 42, Figure 2 (Physagenia parlatorii)); Schim-

Zimm., 1966. per, 1869 (p. 261); Schimper, 1874 (p. 5, Plate 8,
Order: Equisetales DC. ex Bercht. and J. Presl, Figures 12-16); Andreanszky, 1959 (p. 44, Plate 7,

1820. Figures 1-3).

Plate 1. Plant material. 1-6: Equisetum parlatorii from the Serta section (Tikve$ basin)

Geologica Macedonica, 37 (1), 75-83 (2023)
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Material: Lots of samples.

Description: A large number of fragments of
stems with nodes, 3—15 cm long and 1 cm wide. The
stems are joined at the nodes. Four distinct ribs can
be seen on the surface at the stems. They are located
along the length of the stem at an equal distance
from each other. At the top of one of them, a fourth
tuber can be seen, located linearly. Next to the
rhizome with the tubers is a short fragment of
horsetail stem or rhizome.

Discussion: Heer (1855) described numerous
specimens from the Tertiary flora of Switzerland.
Andreanszky (1959) published the species from the

Sarmatian and Badenian floras of Hungary. There
are several specimens in the Miocene flora of
Ver6ce (Hungary; Hably in progress). It occurs in
several European Tertiary floras as Equisetum sp.
(Akhmetiev et al., 2009).

Note: The parallel grooves distinctly seen on
the rhizome, the presence of the internode and the
characteristically arranged root tubers point at the
genus Equisetum. The position of the rhizome and
tubers in the section suggests their occurrence in
situ.

Stratigraphic occurrence: Lower flysch litho-
zone, Tikves basin, Upper Eocene.

DISCUSSION

Serta section is entirely composed by pterido-
phytic elements, where it is dominated Equisetum.
Such presence and predominance of horsetails
makes this association of fossil plants quite in-
teresting as it gives good indications of the previous
structure of the community and its environmental
conditions.

Horsetails, the unique survivors of a very an-
cient group of vascular plants, the Sphenophyta,
have a history reaching back to the Upper Devonian
and may represent the world's oldest fossil genus of
living vascular plants (Stewart and Rothwell, 1993).
Equisetum L. is the only living, free-sporing mor-
phologically distinct genus of sphenophyte (PPGI,
2016).

Equisetum-like fossils, commonly known as
Equisetostachys, Equisetites, and Equisetum, have
been reported from the Mesozoic and Cenozoic sed-
iments of the Northern Hemisphere by stems frag-
ments, leaf sheaths, rhizomes, or tubers (Brown,
1975; Sun et al., 2013).

Extant species of Equisetum are herbaceous in
nature (smallannual herbs) (Zhang et al., 2007;
Aung et al., 2020). These plants have unique mor-
phological features, including articulated stems,
with longitudinal ridges or furrows, enclosed within
leaf sheaths (Taylor and Taylor, 1993).

The good preservation of the material (i.e. the
large size of most specimens) suggests that the
plants were buried near the growing site with mini-
mum transport, indicating their autochthonous or
para-autochthonous origin. Therefore, paleoenvi-
ronmental requirements inferred from fossils dir-
ectly reflect local conditions at the time of deposi-

tion. Living horsetails are clonal plants characte-
rized by an extensive underground rhizome from
which aerial stems arise. Because of their growth
habitextant species horsetails usually grow in wet
and sunny places, such as standing water of shallow
ponds or ditches, along river and lake margins,
marshes, or wet meadows (Hauke, 1990). Fossil
plant remains that have been found in the dark gray
greenish sandy-clay sediments of this unit in several
places in the Tikves basin (southwestern slopes of
Serta, Haji Redzepli, Lipa) are represented by Libit-
ina sp. alpina, Sequoia cottsiae Oogonia chara
(Maksimovi¢ et al., 1954), indicate the living con-
ditions of the locality.

Cenozoic fossil history of Equisetum

The Cenozoic Equisetum fossils have been
recorded mainly from Asia, North America and
Europe, with a few fossil records from Australia,
New Zealand and South America (Table 1, Figure
5). Ample fossil evidence indicates that this sphe-
nopsid was widespread during the Cenozoic period.
Fossil evidence indicates that the genus Equisetum
flourished without hindrance from the Eocene to
Pleistocene in North America. Fossil species Equ-
isetum parlatorii was reported by Penhallow (1908)
from Alberta (Palaeocene) (Table 1).

As one reason for the disappearance of this
sphenophyte from today's vegetation, as well as the
reduction in the size of today's Equisetum, signifi-
cant changes in climate due to the orogeny of the
Himalayas during the Late Miocene are assumed.

Geologica Macedonica, 37 (1), 75-83 (2023)
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Table 1

Cenozoic (Palaeocene-Eocene) macrofossil records of Equisetum in the World

E. coloradense
Equisetum sp.
E. costatum
E. fluviatoides
Equisetum sp.
E. haguel

Colorado
Colorado
Canada
Canada
California
United States

Vegetative and fertile remains

K it
Know !t

Heer, 1878

Age Fossil species Locality Organ Reference
E. ezoense Japan Endo (1968
Equisetum sp. Japan Matsuo, 1967
Equisetum sp. Alberta Berry, 1930
Palacocene- E. magnum United States Rhizome and stem Hickey (197
Eocene E. newberryi North America Knowlton and Cockerell, 1919
E. robustum Washington state Newberry (1898
E. oppositum China Rhizome tuber Yang et al. (201
Palacocene  E. alexoensis Canada Stem Bell (194
E. arcticum Norway r (1868), 1878
E. parlatorii Alberta Penhallow (1908
Equisetum sp. Alberta and Canada Dawson, 1875
E. boreale Greenland Heer (1868),1860; Bell (194
E. canaliculatum United States Knowlton, 1899
E. dedduum United States Knowlton, 1899

19), 1930
19), 1930

Mciver and Basinger, 1988

Potbury, 1932
Knowlton, 1899

1) Greenland
2) Canada

3) Aberta

4) Washington
5) Oregaon

The flora collected in the sandstone-clay sedi-
ments from the Serta locality (Tikves basin) has
been recorded and described for the first time in Ma-
edonia. The species Equisetum parlatorii (Heer)
Schimper found represents part of a littoral plant
community growing in a wet environment (wet-

6) California

7) Ontaro

8) Colorado

9) Texas

10) Central Mexico

11) Columbia

12) Iceland
13) Ireland
14) Norway
15) Spain

16) Switzerland
17) Germany

18) Russia

19) India

20) Xizang, China

21) China

22) Ethiopia

23) Vietnam

24) South Korea
25) Japan

Fig. 5. Cenozoic macrofossil records of Equisetum in the World

Geologica Macedonica, 37 (1), 75-83 (2023)

CONCLUSIONS

26) New Zealand

land), shallow or shallow (inner shelf) environment,
and that it was composed of a population of tall
Equisetum sp. plants that occupied the low parts of
the lower flysch lithozone. These new findings pro-
vide information on the distribution and history of
Equisetum in the past and present and represent are
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an example of the importance of biogeographical
and evolutionary processes in the past.

In the future, with the possibility of following
a palynological analysis of these same sediments, all
with the aim of confirming their age.
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Peszume

DOOCUJIHA ®JIOPA Ol HAJIEOI'EHUTE CEAUMEHTHU HA JIOKAJIMTETOT CEPTA
BO TUKBEIIKNOT BACEH, PEITYBJIMKA CEBEPHA MAKE/IOHUJA

Jlazap I'oprues, Buojiera Ctojanosa, I'omie Ilerpos, Buosaera Credanoa

Dakyaitieit 3a UpupogHu u tuexnuuku Hayku, Yuueepsuidei "I'oye /leaueg"” 6o LLiui
bya. I'oye [enues 89, ii. ¢pax 201, MK-2000 LLwui, Peiiy6auxa Cesepra Makegonuja
violeta.stojanova@ugd.edu.mk

Kuyunu 360poBu: docuina makpoduiopa; Equisetum parlatorii; naneorenu cemumenty; TUKBEIIKH OaceH

THKBEUIKHOT MaJeoreHCKH 0aceH ce Haora BO HEHTpa-
HHUOT Je Ha TepuTopujara Ha CeBepHa MakeJoHHWja 1 pUIara
BO IIGHTPAJIHUOT el Ha Bapnapckara 3oHa. diopara cobpaHa
BO NECOYHUYKO-TIIMHEHUTE CEJUMEHTH O] JOJIHATa (IIMIIHA
nro3oHa Ha sokanmuteToT Cepra (TuxBemkn OaceH) npBmaT e
eBHJCHTHpaHa 1 onuiiana Bo Makenonuja. Enen Bug on ¢o-
cunHata (ropa e unentuduxkyBan kako Equisetum parlatorii.
OBue HOBH Haou 00e30eayBaaT HHPOPMAIIH 32 TUCTPHOYIIH-
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jara u ucropujara Ha Equisetum Bo MHHATOTO M CETalIHOCTA U
MPETCTaByBaaT MPUMEP 3a BAXHOCTA Ha OmoreorpadCkure u
€BOJIyTUBHHUTE IIPOLIECH BO TeoJIOKoTo MUHaTo. Ce mpermnoc-
TaByBa JIeKa eJHa O] IPUYNHUTE 32 HAMAITyBamhEeTO Ha TOJIEMH-
HaTa Ha JICHENIHHOT Equisetum Bo pereHTHaTa Bererauuja ce
3HAYajHATE KIMMATCKU IPOMEHH Kou OWiIe pe3yiTaT Ha XuMa-
JlajcKaTa OpOreHesa 3a BpeMe Ha JJOIeH MUOLICH.
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