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units of the Donets Basin and the Northern
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AHani3 BepXHbONEeHCU/IbBAHCbKUX (PiTO30HaNbHUX Nigpo3ainis JoHeLbKoOro
6aceiiHy Ta MiBHiuHOro KaBkasy i3 3aCTocyBaHHAIM eKocTpaTurpadiuHoro nigxogy

H.l. bosipiHa

IHCTUTYT reonoriyHux Hayk HAH Ykpainu, Kuis, YkpaiHa

Floristic, palaeophytocoenotic and palaeoecological analyses of the Late Pennsylvanian vegeta-
tion cover of the Donets Basin and the Northern Caucasus were conducted for the time intervals
of five macrofloral zones to substantiate the Upper Pennsylvanian phytozonal units in the context
of palaeoecosystem changes. The vegetation cover of each basin was defined by a type of differ-
entiation reflecting plant community distribution and developmental features of plant commu-
nities shaped by ecological niche dynamics. The vegetation cover in the Donets intracraton basin
with post-rift paralic setting, where glacioeustatic sea level changes had a significant impact, was
characterised by a spatial differentiation into plant communities of coastal lowlands, deltaic and
floodplain plains, and river valley slopes in low-relief terrains and the emergence of new ecolog-
ical niches while changing dominant landscape types. The vegetation cover in the intramontane
basin of the Northern Caucasus with a fluvio-lacustrine setting, where a spatial distribution of
landscapes were influenced by changes in a local base level of erosion controlled by orogenic
processes, was characterised by a catenary differentiation into plant communities of lacustrine
coasts, deltaic-floodplain valleys and river valley slopes in sloping terrains with increased plant
species richness as a manifestation of the ecotone effect and the emergence of new ecological
niches as a result of niche overlap. The time intervals of macrofloral zones are aligned with the
stages of development of vegetation cover that are distinguished by progressive or regressive
phytocoenotic changes and phytocoenogenetic transformations of plant communities caused by
ecosystem-level factors. The analysis of the Late Pennsylvanian vegetation cover in the Donets
Basin and the Northern Caucasus indicates that the different landscape and ecological conditions
in different tectono-sedimentary basins determined the different types of vegetation cover dif-
ferentiation, dynamics of ecological niches and diverse phytocoenotic processes. The dynamics
of ecological niches and phytocoenotic processes in plant communities under conditions of dif-
ferent types of vegetation cover differentiation controlled the floristic composition of communi-
ties, which is reflected in stratigraphic ranges of key and characteristic taxa of macrofloral zones.
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Introduction

Ecostratigraphy is regarded as ‘ecosystem stra-
tigraphy’ that relies on the connection between
the evolution of the organic world and geological
processes controlling the development of the bio-
sphere as an ecosystem and reveals the relation-
ships between the palaeocommunities of biotic
groups and biostratigraphical zones (Martinsson,
1973; Krassilov et al., 1985). The ecostratigraphic
studies focus on identifying the links between bi-
otic evolution and environmental changes to de-
termine the specific events in the development of
ecosystems and their interregional correlations
(Martinsson, 1973, 1980; Krassilov, 1978; Boucot,
1984; Margalef, 1986). The basis for the correlation
of ecosystem events (changes) is such factors as
eustatic fluctuations, orogenic processes and cli-
matic changes, which combine evolutionary and
ecological changes. The close relationship be-
tween the evolution of biotic communities and
the sequence of ecological changes allows the
use of ecological community analysis for more
detailed biostratigraphy and the understanding of
discrepancies in the dating and correlation of bio-
stratons (Krassilov, 1977; Brenner, McHargue, 1988;
Gladenkov, 1990; Oloriz et al., 1996, 2012). In this
context, an important aspect of ecostratigraphic
research is the reflection of the sequence of bio-
stratons in the section as the stages (phases) of
development in natural complexes (ecosystems)
and the boundaries of biostratons as the trans-
formation boundaries of ecosystems under the
influence of external and internal factors in the
geological past (Krassilov, 1970, 1977; Martinsson,
1973; Meyen, 1989).

The identification and analysis of palaeoecosys-
tem changes at various hierarchical levels build
on the reconstruction of palaeocommunities and
the study of their dynamics. For ecostratigraphic
studies of continental deposits with plant fossils,
it was used the plant communities identified by
traditional phytosociological methods according to
plant genera and species, as well as the palaeo-
ecological interpretations of these communities
(Retallack, 1978).

Palaeophytocoenotic studies of the Late Penn-
sylvanian plant communities, carried out by the
author in recent years in the Donets Basin (Boya-
rina, 2022a, 2023, 2024) and the Northern Caucasus
(Boyarina, Kovalenko, 2023), allowed the analysis of
the macrofloral zones in an ecostratigraphic aspect
in this study. The ecostratigraphic analysis of the
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macrofloral zones was performed to reveal the fea-
tures of vegetation development in different tecto-
no-sedimentary basins.

Conducting such studies is significant for un-
derstanding the possible reasons of age incon-
sistencies of the boundaries of the some Upper
Pennsylvanian macrofloral zones in the Donets
Basin with paralic settings and the west Europe-
an intramontane basins of the Variscan belt. The
age inconsistencies were determined on the basis
of radioisotope-dated zone boundaries in Euro-
pean basins (Knight, Wagner, 2014; Oplustil et al.,
2016; Merino-Tomé et al., 2017; Knight et al., 2023)
and chronostratigraphic calibration of cyclostrati-
graphic constructions of the Upper Pennsylvanian
deposits in the Donets Basin (Davydov et al., 2010).
The diachronicity of the boundaries of floral zones
is due to the different stratigraphic ranges of some
key taxa in different basins that are considered as
a consequence of provincialism and migration time
lag (Oplustil et al., 2021). To identify the factors that
caused different taxon ranges, it is essential to
analyse vegetation development under changing
environmental conditions in various basins.

This study analyses the spatial structure and
composition of vegetation in the time intervals of
the Upper Pennsylvanian macrofloral zones in the
Donets Basin with paralic settings and the North
Caucasus with intramontane fluvio-lacustrine set-
tings and reveals the developmental features of
vegetation cover in these two basins of different
tectono-sedimentary types.

Geological and facies setting

The Donets Basin and the Northern Caucasus
(Fig. 1) in the Pennsylvanian were within the same
floristic province of the Euramerican region and
were located in its eastern part (Meyen, 1987).
At the same time, these two basins represent dif-
ferent sedimentary types. The Donets Basin is the
southeastern part of the Pripyat-Dnipro-Donets
intracratonic rift system or the system of avlako-
genic basins (Khayin, Mikhailov, 1985; Yakushova
et al., 1988; Stovba, Stephenson, 1999). The Upper
Pennsylvanian deposits of the Donets Basin, with a
thickness of more than 2700 m, are post-rift paralic
sedimentary strata that are composed of intercalat-
ed shallow marine, swamp, lake, delta, floodplain
and channel facies (Guidebook..., 1975; Chekunov,
1994; Stovba et al., 1996; Poletaev et al., 2011). In the
Northern Caucasus, the areas of sediment accumu-
lation in the Late Pennsylvanian were grabens or
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Fig. 1. Geological map of distribu-
tion of the Upper Pennsylvanian
deposits in the Donets Basin (modi-
fied from the materials of State
regional geological enterprise “Do-
netskgeology”, 1985) and the map
of the Northern Caucasus (Kara-
chay-Cherkess Republic) with the
localities of the Late Pennsylvanian
plant fossils: 1- Zelenchuk area (ba-
sin of the Velykyi Zelenchuk River);
2 - Teberda area (basin of the Te-
berda River)

semi-grabens within the continental orogenic belt,
as well as the foothills of the orogenic mountain
ranges (Adamia et al., 1987; Yanev, Adamia, 2010).
Under the conditions of the intramontane basin,
the lacustrine, fluvial and proluvial deposits were
formed with thicknesses ranging from 150-200 m in
the Velykyi Zelenchuk River valley to 400 m in the
Teberda River valley (Belov, Kizevalter, 1962; Lunev,
Reznikov, 1968; Novik, 1978; Shchegolev, 1979).

Materials and methods

The floristic analysis of the Upper Pennsylvanian
macrofloral zones was conducted based on the
study of collections of the fossil flora from the Do-
nets Basin and the Northern Caucasus, which were
collected in previous years by 0.K. Shchegolev and
the author of the present paper. The collections
are stored at the Institute of Geological Sciences of
the National Academy of Sciences of Ukraine under
numbers NMNH PC 2216, 1GS-OKS1 and 1GS-OKS-
NIB1. The flora description (Shchegolev, 1985, 1991;
Boyarina, 1994, 2010, 2022b) and the classification
of plant communities of the Donets Basin (Boyari-
na, 2022a, 2023, 2024), as well as the description of
the flora and vegetation of the Northern Caucasus
(Shchegolev, 1979; Boyarina, Kovalenko, 2023) were
used for the ecostratigraphic studies.

The macrofloral zones of the Donets Basin (Bo-
yarina, 2016) and the Northern Caucasus, which
are described for the first time in the present
paper, are identified on the basis of the strati-
graphic distribution of key taxa of the west Euro-
pean macrofloral biozones (Wagner, 1984; Cleal,
1991; Wagner, Alvarez—Vézquez, 2010). To reveal
the phytocoenotic and ecological-landscape fea-
tures of the vegetation in the two regions, the
description of the zones is supplemented by
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characteristic taxa that appear for the first time
or have the abundant distribution within the
zones of each region.

To compare the macrofloral zones of the Donets
Basin and the Northern Caucasus in an ecostrati-
graphic aspect, the phytocoenotic and ecologi-
cal-landscape affiliations of zone key and charac-
teristic taxa were identified. The phytocoenotic
affiliation indicates the type of plant communities
that included the key and characteristic species of
zones. The ecological and landscape affiliations
indicate the type of a landscape, within which the
plant communities were distributed.

Based on the palaeophytocoenotic and palae-
oecological characteristics of the key and charac-
teristic taxa of macrofloral zones, the correspon-
dence of the time intervals of macrofloral zones to
the stages of vegetation cover development was
established. The stage (phase) of vegetation cover
development is considered as the time interval of
the spread or dominance of plant communities
with a certain species composition within certain
landscape types. The stages are characterised by
phytocoenotic processes, which are identified as
phytocoenogenetic transformations, exodynamic
progressive and regressive changes in plant commu-
nities. Phytocoenogenetic transformations of palae-
ophytocoenoses were manifested in the formation
of plant communities representing new syntaxa (Su-
kachev, 1942). Exodynamic changes are traditionally
considered to be changes caused by external factors
such as climate, relief, soils and water regime (Suk-
achev, 1928; Shennikov, 1964), while the increases or
decreases in the species composition of communi-
ties in the absence of new dominants are identified
as the progressive or regressive changes in plant
communities without the formation of new syntaxa.



Floristic, phytocoenotic and
ecological-landscape characteristics
of the Upper Pennsylvanian
macrofloral zones of the Donets
Basin and the Northern Caucasus

The Donets Basin

Five macrofloral zones have been identified in the
Upper Pennsylvanian deposits of the Donets Ba-
sin using palaeobotanical criteria of phytozones
of the west European Stephanian Stage (Boyarina,
2016). The zone boundaries are aligned with the
limestone marker beds overlapping coal seams
that are the framework for intraregional correla-
tion of sedimentary rocks in the Donets Basin. In
this paper, the floristic criteria of the macrofloral
zones are supplemented by the data about phyto-
coenotic and ecological-landscape affiliations of
the key and characteristic taxa (Fig. 2) in line with
the palaeophytocoenotic study and classification
of the Late Pennsylvanian palaeophytocoenoses
of the Donets Basin (Boyarina, 2023, 2024), as well
as the time intervals of macrofloral zones are cor-
related with glacioeustatic sea-level changes (Eros
et al., 2012) and the Late Pennsylvanian glacial and
deglacial intervals (Montanez, Poulsen, 2013; Mon-
tafiez, 2022).

Odontopteris cantabrica Zone (n,-N,-0))

The lower boundary of the zone is drawn at the
level of the n, coal seam under the N, limestone on
the basis of the appearance of key taxa of Odon-
topteris cantabrica Wagner, Alethopteris bohemica
Franke and the disappearance of Mariopteris ner-
vosa (Brongniart) Zeiller (see Fig. 2). The appear-
ance of Sphenophyllum oblongifolium (Germar et
Kaulfuss) Unger, Crenulopteris lamuriana (Heer)
Wagner and Sphenopteris rossica Zalessky (Shche-
golev, 1991) in the middle and upper parts of the
zone and the change of the late Westphalian flo-
ra by the early Stephanian flora above the n.' coal
seam (marker horizon n.-N,) (Shchegolev, 1975;
Shchegolev, Kozitskaya, 1975) were the basis for
subdivision of the zone into two subzones, Aletho-
pteris bohemica and Sphenopteris rossica.

The plant fossils of key species were found
in the lacustrine mudstones, indicating that
these plants belonged to the calamital-
ean-fern-pteridosperm communities of coastal
lowlands. The zone interval almost completely
corresponds to the long-term period of relatively
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stable lower sea level (Eros et al., 2012; Boyarina,
2023), which is comparable to the earliest Kasi-
movian glacial interval (Montafez, Poulsen, 2013;
Montafiez, 2022). According to available floristic
data, the wetland lycopsid-dominated forests of
coastal habitats were significantly reduced in the
late Lomovatkian (Fissunenko 1975, 1991, 2000)
corresponding to the time interval of the low-
er subzone. The onset of the formation of new
palaeophytocoenoses of the wetland calamital-
ean-fern-pteridosperm forests within coastal
lowlands have been traced from the beginning of
the Toretskian (n,' - 0,). This time interval corre-
sponds to the Sphenopteris rossica Subzone and
coincides with the end of the long-term period
of relatively stable lower sea level (final period
of the glacial interval), which is characterised by
frequent sea level fluctuations (Fig. 3).

Crenulopteris lamuriana Zone (0,-0,°)

The base of the Crenulopteris lamuriana Zone
is established by the O, limestone (see Fig. 2). This
level is characterised by the first appearance of
Nemejcopteris feminaeformis (Schlotheim) Bar-
thel and the disappearance of Macroneuropteris
scheuchzeri (Hoffmann) Cleal, Shute & Zodrow.
Above the O, limestone the common occurrence of
Cyathocarpus arboreus (Sternberg) Weiss and the
increase in abundance of Crenulopteris lamuriana
were revealed. The additional criteria of the zone
are the common occurrence of Acitheca polymor-
pha (Brongniart) Schimper in the upper part of
the zone and the presence of Sphenopteris ros-
sica and Sphenophyllum oblongifolium (Shchego-
lev, 1985).

The listed key and characteristic taxa of ferns
belonged to the calamitalean-fern-pteridosperm
communities of coastal lowlands except for the
Acitheca polymorpha ferns, which were also part
of the lycopsid-fern communities of deltaic plains.
The time interval of the zone was characterised
by the dominance of the wetland calamital-
ean-fern-pteridosperm forests of the Neuropteri-
do ovatae-Crenulopteridetalia lamurianae order
within coastal lowlands with the prevailing ferns
Crenulopteris lamuriana and pteridosperms Neu-
ropteris ovata. This wetland vegetation of coastal
lowlands was widespread during the early phase
(early Toretskian) of the long-term period of rela-
tively stable higher sea level at the beginning of
the late Kasimovian-early-middle Gzhelian degla-
cial interval (see Fig. 3).

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. No 1 | Geologicnij Zurnal. 2026. No. 1



Analysis of the Upper Pennsylvanian phytozonal units of the Donets Basin and the Northern Caucasus using the ecostratigraphic approach

Wetland forests and woodlands

Wetland forests and woodlands
I of deltaic plans

of coastal lowlands
Seasonally dry woodlands
of lagoon coasts

‘:' Key taxa

Seasonally dry woodlands
of floodplains

3 X

Unknown affiliation

iation of the key and characteristic
taxa of the Upper Pennsylvanian
macrofloral zones of the Donets
data of the author; 2 - data of O.K.
Shchegolev (1975, 1985, 1991); 3
data of O.P. Fissunenko (1991)

phytocoenotic and landscape affil-
Basin. Stratigraphical ranges: 1 -

Fig. 2. Stratigraphical ranges and the

(s@8ueyd yum 910z ‘eutiefogq)
S9U0ZQNS pue SaU0Z JeloleSa

Sphenopteridium
Autunia

germanicum -
Cyathocarpus
daubreei

naumannii
Odontopteris
shlotheimii
Cyathocarpus
densifolius

ris

bohemica

rossica
Alethopteris

Sphenopte

DLI3fu0d DIUNINY

wnnofnsnbuo
wn)Aydouayds

DILIGDIUDD
suaydoyuopo

Sphenopteris mathetii
Crenulopteris lamuriana

1224GNDp SNdiDIOYIDA)

I

wnaiubwJab wnipliazdouayds

D21y1£2s Ssuaidiipdouayds

subbajaqns s1ia1dodad

p1o]nbul) sua1doiuopo

Sap10.431doLIDW DINIdUIWDY

pJafi1aqo)f wnjAydoysiq

pipaund wnjhAydoysig

DS04aqgns DIAaPOT]

1153]21U DIABPOT

D21UDBN) DINBPOT

1juubWINDU DIUNINY

uuajuo: piuniny

.lllllll*”

DID)NUaIdgns S[JaldOlUOpO

1Hw1ay10)yIs stardoiuopo

I

11pJpiq slia1doiuopo

11uo1p)d s1431d0dad,

D1D]N31JND S[JaldOlUOpOJnaN

}
i

DUDAOUOJIW ,S1133d0dad,

1Auow ,s1421dodad,

snijofisuap sndibioyipA)

1uoys “dsqns 1uoyl wnjjAydouayds

wnubu ‘dsqns 1iuoyl wnjAydouayds

wnijofizsnbup wnjjAydouayds

'

111anbsnq siajdoripwopnasq

lisuobwbuol sia1dodad,

wnijofibuo) wnjAydouayds

1nayiow sia3douayds

wnipjid14aA wnjjAydouayds

asuayopowbp wnjjAydouayds

siyaniopida) sndipioyipA

11N0paJq ,S11a1dodad,

pydiowAjod pday1dy

siwJofapujwaf siiardodfawan

DJISS0J slia1douayds

snaioqJp sndipioyipA)y

bubrnwo) S!JaJdO]nUBJJ

wniofibuojqo wnjAydouayds

pdI1Wayoq suaydoylaly

DIDAO s1ia1doinaN

D211qDIUDI Slia1dojuopo

11p1piq vLD))1BISGNS

suweas Jeo) sauojsawiy

]
000 oﬂ‘

Q.-
P

0
5
4
=P, =

o
1 1

LI
1 M##MFII 1

OO0 O O =T+«
11

auns

1
ey sysiwepie)y

enojliednely

B)YSAO)INY eysAles|

uoziioH

uenjaLjsAp

uepjsuesSn

uen|s)oAL| ueinaydnApy

UBINOUBMAS uelyseuelie)]
]

ase)s JeuoiSay

uenjsaluoIAp

ueinouAjey

uepnjsi}alol

asels

uerjayzo

uernowise)

HAUUIILAVILDRI 1a UIMQUDBE Liatin |

nEsTalLll alu REVIEW rapes



N.I. Boyarina

snseone)
UJayMON 3yl pue uiseg
$19U0(Q 3y} JO SBUOZ |el
-0)joioew 8y} o suon
-39S 8yl ul sadusnbas
salde) pue |eaiSojoyl)
Jo uosuedwod ayl pue
sjeaslul jerde)Sep pue
jene)s  ueluenfsuuad
91e7 9y3 Sulnp sasueyd
19A9]-B3S J11eISNa01deIS
yum uiseg sipuoqg ay:
JO sauoz jeloposoew
3Y3 JO UONLIBLIO) *E "SI

(Snseaned uIdYIoN) S1Se0d aullIsnIe) Jo
SsHsodap auoISpnw-auo3s}jis pue sauolsheld aulisnie]

sure)dpooy jo susodap ajessawo)Suod
-3U0ISPUES pUE BUOISPULS-3U0ISIIS

smely [ ——1,
SWEDS |B0) )
By
susodsp 2
paJ pue pajeSaLien a5
ST
ST
=
wn
\
o \
5 AN SV
S o7
S =3 -
3 , 33
3. =
N S
5
w -
(-
oWn
ST
Q>
= ®
i ==
S e
£= == 5%
3c E—.— ] Q>
3 L | g3
——— =9
S5 -
g%
<
S|
>
<
g -
=1
s o
a —
o
S  ——
WJ F——] &
) ] [——— 1 8¢
81-9}
—— 6C
6l
S5 [ [%] S [d [
£|§5| § |3 £ |§z| & | %
] = O -3 o ] = O S o+
= -] ol Y = ° ol 1]
=] e A ﬁ S o A ﬁ S
s g0 H S g0 5
5 | 20 EX 5 g0 g
o ] ® S ) K
2| @ é H a a
“n w
eale )ynydud)az eale epiaqaL

snsejne) uidylionN

L]

suje|dpooyy pue S}UBWUOIIAUS J[e}ap
-aullIsnde] Jo s}isodap au03syIS-auoIspny

(uiseg s1auoq) susodap

3U0ISPNW-3U01S]|IS |eUOOSE]-BULIISNIe]

(uiseg s19u0q) sAeq eas Jo
Spaq 91euoqJed yum sysodap auoispnuwi-auoisy|is

(ulseg s19U0Q) SPUBIMO] ]BISEOD JO S}ISOdap SUOISPNW SU1IISNIE)
pue sauoisawi)] Y1m sysodap auoispnw auliew-]eiseo)

L]

| u
= — £L0€ —
¢ N |g¢|e o ]
- i Y I
20 N SREE! I
DIIWaAY0q E1S 2 I = [ ]
suardoyialy 83 = &
S8 N T I e
= Y € S8
= F—eN — wn [—90¢ —
D — € - | -
DpaIssoJ suardouayds 7 —u - —
! ! . 5 3
= — —'o—% I
=) — —
sl a|©
S ) c [ S0€ —
pupnwoj suaidojnual) o & — —
Y = - |- —
— = m =25 | |-
€ g s - -
nayow spa1douayds 1 m — %#0€ —
— %0 = —
—_— —°0 — — —]
IA e HOE s — c0g —
snijofisua | —1 3 — —
sndipaoiipA) L ‘0 W - —
B - —]
3¢ L >
2T —_— g o —]
a3 z — zog —
23 z = N
5 —d E — ]
g2 s l=T = -
35 2 o —]
3 = —_— —]
o
- — 9 — & = |—10g -
= — a—
. E o ]
1A — d— = |— —]
| — —
H = [ od —EE — oo —
1uUDWNDU DIUNINY 3z 2g| £ — —
SS o ] ro —1 94 S — —
I&.W H =< ES
1324qnpp sndipIoyIok 35 H ss| & — —
— WN2IUDULID =) 5zl & — —
wnipuaidouayds . wO S| > — 66C —
¢ L [ | |
T I
(Lzoz ‘zauejuow Jaye) | wy 05 00L 00z S'C oL T 3 @ =
Jona}-eas ul EX ss [g|1& | 8 ]
suaSueyd 03 pajejau sjeasdul 28 o m. m. @ =
- = o o
(sa8ueyd yum (:)repenBop pue(:)jepe -2 (z1L0Z “1e 19 S043 m 2 S E B &
910 ‘eutiefog) . . Ja)je payipouw) =34 o a
sauozqns pue (€202 ‘8007 “1e 1@ 8ulp1ald) 19na1 eas E] @
Sauoz jeloyesa | Ld-#D jensaqul jedejSuoN - L @« 4

9AIe|13y wJi93-Suo

uiseg sjauoq

Geologicnij Zurnal. 2026. No. 1

FeonoriuHuii xypHan. 2026. N2 1

ISSN 1025-6814



Analysis of the Upper Pennsylvanian phytozonal units of the Donets Basin and the Northern Caucasus using the ecostratigraphic approach

Sphenopteris mathetii (= Alethopteris

zeillerii) Zone (0,>-0,)

In this study the lower boundary of the Sphe-
nopteris mathetii Zone, which is analogous to the
west European Alethopteris zeillerii Zone, is placed
at the level of the O,° limestone with the under-
lying o, coal seam based on the appearance of
Sphenopteris mathetii Zeiller between interlayers
of the 0, coal seam (Shchegolev, 1985). The first
occurrences at the upper part of the zone have
the key taxa Sphenophyllum longifolium (Germar)
Geinitz and Sphenophyllum thonii subsp. nanum
Shchegolev. The zone is also characterised by the
appearance of Cyathocarpus lepidorachis (Brong-
niart) Mosbrugger, “Pecopteris” bredovii Germar,
“Pecopteris” potoniei Nemejc, Diplazites unitus
(Brongniart) Cleal, the common occurrence of Cy-
athocarpus hemitelioides (Brongniart) Mosbrugger,
Sphenophyllum amadokense Zakessky, S. verticilla-
tum (Schlotheim) Zeiller, as well as the presence of
Acitheca polymorpha and Neuropteris ovata Hoff-
mann (see Fig. 2).

The abundance plant remains of a diverse spe-
cies composition were mainly found in lacustrine
mudstones that indicate about wide spreading of
the calamitalean-fern-pteridosperm communities
of coastal lowlands. These plant communities be-
longed to the wetland forests of the same plant
order as and in the time interval of the previous
zone, namely the Neuropterido ovatae-Crenu-
lopteridetalia lamurianae order (Boyarina, 2023).
The forests of coastal lowlands continued to in-
clude the dominant ferns Crenulopteris lamuriana
and pteridosperms Neuropteris ovata, as well as
the ferns Acitheca polymorpha, Sphenopteris ros-
sica, “Pecopteris” bredovii, and were supplemented
by the ferns Sphenopteris mathetii, Cyathocarpus
hemitelioides, C. lepidorachis, “Pecopteris” poton-
iei, Diplazites unitus and the sphenophylls Spheno-
phyllum longifolium, S. thonii subsp. nanum and S.
amadokense Zalessky. The increase in the diversity
of the forests of the same order occurred during
the long-term period of relatively stable higher sea
level with frequent sea level fluctuations during
the late Kasimovian phase of the late Kasimovian-
early-middle Gzhelian deglacial interval (see Fig. 3).
Frequent sea level changes, i.e. transgressive-re-
gressive cycles (Eros et al.,, 2012), led to landscape
changes accompanied by the expansion of coastal
lowlands with humid climatic and edaphic condi-
tions in the early phase of a transgression, from
the middle to late low sea level, during each trans-
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gressive-regressive cycle (cyclotheme) (DiMichele,
2014). These conditions caused the expansion of
the wetland forests with a richer species composi-
tion, but no change in dominants.

Sphenophyllum angustifolium Zone (0_-P_°%)

The base of the zone is established by the O,
limestone with the underlying o,* coal seam, above
which the first occurrence has the index taxon. The
main characteristics of the zone are the presence
of Sphenophyllum thonii subsp. nanum and the
appearance of Sphenophyllum thonii subsp. thonii
Shchegolev, the appearance below the O, limestone
and the abundance occurrence in the lower part of
the zone of Cyathocarpus densifolius (Goeppert)
Siminek et Ploch, the appearance in the middle
part and the abundance occurrence in the upper
part of the zone of Odontopteris schlotheimii, the
abundance occurrence of Sphenophyllum longi-
folium, and the appearance of Pseudomariopteris
busquetii (Zeiller) Danzé-Corsin, “Pecopteris” jong-
mansii Wagner, “Pecopteris” platonii Grand’Eury
and also the endemic ferns of “Pecopteris” miron-
ovana Zalessky et Tschirkova (Shchegolev, 1985).
The zone is subdivided into two subzones, namely
Cyathocarpus densifolius (0,~P,) and Odontopteris
schlotheimii (P,-P.°), according to the abundance
occurrence of index species.

The time interval of the Sphenophyllum angus-
tifolium Zone corresponds to two long-term peri-
ods of relatively stable higher and lower sea lev-
els (Eros et al., 2012). The formation of deposits of
the lower Cyathocarpus densifolius Subzone took
place during the early Gzhelian period of relative-
ly stable higher sea level with infrequent trans-
gressive-regressive cycles during the late Kasi-
movian—-early-middle Gzhelian deglacial interval
(see Fig. 3). At that time, the vegetation cover
was dominated by the wetland calamitalean-fern
forests of coastal lowlands of the Calamito suc-
kowii-Cyathocarpetalia densifoliae order includ-
ing the dominant ferns Cyathocarpus densifolius
and also the ferns Cyathocarpus arboreus, Dipla-
Zites unitus, and Nemejcopteris feminaeformis.
The sedimentary rocks of the upper Odontopter-
is schlotheimii Subzone were formed during the
middle Gzhelian period of falling sea level at
the end of the same deglacial interval. In this
time interval the reduction of coastal lowlands
and the expansion of deltaic plains and flood-
plains occurred, as evidenced by the lithologi-
cal and facies compositions of the deposits. The
vegetation of the zone interval was dominated
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by the calamitalean-fern and lycopsid-pterido-
sperm forests of the Subsigillario-Odontopteri-
detalia schlotheimii order on deltaic plains with
the predominant pteridosperms Odontopteris
schlotheimii Brongniart and the common pterido-
sperms Neuropteris crassinervis Shchogolev ms.
as well as the ferns “Pecopteris” mironovana and
“Pecopteris” platonii Grand’Eury. These processes
are consistent with the affiliation of the key taxa
of the lower subzone to the dominant plant com-
munities of coastal lowland forests, and the key
taxa of the upper subzone to the dominant plant
communities of deltaic plain forests.

Autunia conferta Zone (P.°-Q,)

The lower boundary of the Autunia conferta
Zone is marked by the first occurrence of the in-
dex taxon and other callipterid pteridosperms of
Autunia naumannii (Gutbier) Kerp, Lodevia nicklesii
(Zeiller) Haubold et Kerp, L. suberosa (Sterzel) Hau-
bold et Kerp above the P.°limestone (Shchogolev,
1960; Boyarina, 2010) (see Fig. 2). The zone is also
characterised by the appearance of Odontopteris
lingulata Goeppert and Sphenopteridium german-
icum (Weiss) Kerp et DiMichele and the abundance
occurrence of Cyathocarpus daubreei (Zeiller) De
Stefani. The zone was subdivided into two sub-
zones according to the occurrence of its index taxa:
Autunia naumannii (P*-Q,) and Sphenopteridium
germanicum-Cyathocarpus daubreei (Q,-Q,).

According to lithological and facies character-
istics, the formation of deposits of this zone took
place under conditions of further falling sea level
(Berchenko et al., 1993; Poletaev et al., 2011) at the
beginning of late Paleozoic glaciation (Fielding
et al.,, 2008; Montanez, Poulsen, 2013; Montanez,
2022). The falling sea level during the glacial in-
terval led to the shallowing and gradual isola-
tion of the marine basin. In the time interval of
the lower Autunia naumannii Subzone (P,°-Q,),
the seasonally dry pteridosperm woodlands of
floodplains and river valley slopes of the Autuni-
etalia conferto-naumannii order predominated.
They included the key and characteristic taxa of
the pteridosperms Autunia conferta, A. nauman-
nii (Gutbier) Kerp, Lodevia nicklesii (Zeiller) Hau-
bold et Kerp, L. luganica, L. suberosa (Sterzel)
Haubold et Kerp, Dichophyllum cuneatum. During
the time interval of the upper Sphenopteridium
germanicum-Cyathocarpus daubreei Subzone,
the plant communities of the wetland calamital-
ean-fern-pteridosperm woodlands of the Odon-
topterido schlotheimii-Cyathocarpetalia daubreei

N.I. Boyarina

order on coastal lowlands and the seasonally dry
fern-pteridosperm woodlands of the Sphenopte-
ridio germanici-Cyathocarpetalia daubreei order
on lagoon plains were widespread. These commu-
nities included the characteristic taxa of the ferns
Cyathocarpus daubreei, C. arboreus, “Pecopteris”
jongmansii and the pteridosperms Sphenopteridi-
um germanicum.

The Northern Caucasus

The Upper Pennsylvanian plant-bearing beds of
the Zelenchuk and Teberda areas of the North-
ern Caucasus were comparable to four macroflo-
ral zones of the Stephanian Stage of the regional
west European stratigraphic scale according to the
key taxa distribution (Boyarina, Kovalenko, 2023).
The deposits of the lower Odontopteris cantabrica
Zone of the Stephanian Stage have not been iden-
tified in the Caucasus that may be a consequence
of a sedimentary hiatus at the beginning of the
Stephanian or erosion. Below is the description of
the identified macrofloral zones on the basis of
the stratigraphic distribution of the fossil floras
(Shchegolev, 1979; Boyarina, Kovalenko, 2023). The
floristic criteria of zones were supplemented by
the ecological and phytocoenotic characteristics
of their key and characteristic taxa, which were
established as a result of palaeophytocoenotic
analysis of fossil plant assemblages in the North-
ern Caucasus (Boyarina, Kovalenko, 2023).

Crenulopteris lamuriana Zone (Teberda 1-4)

The zone corresponds to the plant-bearing beds
1-4 that include the key taxa of the ferns Neme-
jcopteris feminaeformis and Cyathocarpus arbo-
reus (Fig. 4). This interval is also characterised by
the presence of the ferns Cyathocarpus hemiteli-
oides, Acitheca polymorpha, “Pecopteris” bredovii,
“Pecopteris” monyi Zeiller, Diplazites unitus and
the pteridosperms Sphenocallipteris scythica (Za-
lessky) Kryshtofovich et Novik, Callipteridium gi-
gas (Gutbier) Weiss and C. pteridium (Schlotheim)
Zeiller. The fossils Crenulopteris lamuriana are not
found in the Northern Caucasus.

The plant remains of the listed species from
lacustrine and deltaic deposits indicate about
the similar species composition of the plant
communities formed the wetland calamital-
ean-fern-pteridosperm forests of lacustrine
coasts and deltaic valleys, in which the same ferns
Acitheca polymorpha and Cyathocarpus arboreus
were widespread.
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Alethopteris zeillerii Zone
(Teberda 5-7, Zelenchuk 1-4)

In the Teberda area, the zone comprises the
plant-bearing beds 5-7, including the key taxon
Sphenophyllum longifolium in the upper part of
the zone and the stratigraphically important ferns
Acitheca polymorpha, Cyathocarpus arboreus, C.
hemitelioides, "Pecopteris” bredovii, Nemejcopteris
feminaeformis and pteridosperms Callipteridium
pteridium (Schlotheim) Zeiller, as well as the ferns
Cyathocarpus densifolius in the plant-bearing bed
7 (see Fig. 4). The lower boundary of the zone is
conditionally delineated by lithological and facies
criteria at the base of the plant-bearing bed 5. The
above-mentioned fossil remains were found in la-
custrine grey unlayered clay shales and siltstones.
The plants of named species formed part of the
calamitalean-fern-pteridosperm communities of
lacustrine coasts.

This zone in the Zelenchuk area is comprised of
the plant-bearing beds 1-4, and contains Spheno-
phyllum longifolium (Germar) Gutbier in the lower
part and Sphenophyllum thonii in the upper part of
zone interval (Fig. 5). The characteristic taxa of the
zone are the ferns Cyathocarpus arboreus, C. hem-
itelioides, Acitheca polymorpha and the pterido-
sperms Odontopteris brardii (Brongniart) Brongni-
art. The fossil remains of sphenophylls were found
in lacustrine grey clay shales and lacustrine-del-
taic siltstones, while ferns and pteridosperms are
common in deltaic-floodplain siltstones and sand-
stones. The plants of key and characteristic taxa
belonged to the calamitalean-fern communities
of lacustrine coasts and the lycopsid-calamital-
ean-fern-pteridosperm communities of deltaic-
floodplain valleys.

The species composition of plant fossil as-
semblages from lacustrine, deltaic and flood-
plain facies suggests that the vegetation cover
in the Northern Caucasus consisted of the wet-
land calamitalean-fern-pteridosperm forests of
lacustrine coasts and the lycopsid-calamital-
ean-fern-pteridosperm forests of deltaic-flood-
plain valleys of predominantly similar species
composition with slight differences. The plant
communities of the lacustrine coasts in the Teber-
da area, in particular, had a richer species com-
position of ferns with the same dominant Cya-
-thocarpus arboreus and Acitheca polymorpha as
in the time interval of the preceding zone and also
included those ferns that were part of the delta-
ic-floodplain communities in the Zelenchuk area.

N.I. Boyarina

However, the pteridosperm composition was dif-
ferent in these two areas. In general, the vegeta-
tion cover of lacustrine coasts and deltaic-flood-
plain valleys, which included as before the ferns
Cyathocarpus arboreus, Nemejcopteris feminae-
formis, Acitheca polymorpha, “Pecopteris” bredovii
and the pteridosperms Callipteridium pteridium,
C. gigas, was supplemented by the ferns Cyatho-
carpus hemitelioides, C. daubreei, C. densifolius,
Sphenopteris elaverica Shchegolev, the pterido-
sperms Odontopteris brardii, Dicksonites plucke-
netii (Schlotheim) Sterzel, Pseudomariopteris cor-
data-ovata, and the sphenophylls Sphenophyllum
longifolium and S. thonii.

Sphenophyllum angustifolium Zone
(Teberda 8-29, Zelenchuk 5-10)

The upper part of the Upper Pennsylvanian in
the Teberda River basin with the plant-bearing
beds 8-29 have been assigned to the Sphenophyl-
lum angustifolium Zone based on the presence of
the key taxa, such as the sphenophylls Spheno-
phyllum thonii Mahr, the pteridosperms Pseudom-
ariopteris busquetii (Zeiller) Danzé-Corsin, emend.
Krings et Kerp and the ferns Cyathocarpus densi-
folius (see Fig. 4). In addition, the characteristic
taxa of the zone in the Teberda area are the ferns
Cyathocarpus arboreus, C. hemitelioides, Acitheca
polymorpha, and “Pecopteris” bredovii, which con-
tinued to dominate in vegetation cover as in pre-
vious times, as well as the pteridosperms Pseu-
domariopteris cordato-ovata (Weiss) Gillespie
et al,, Callipteridium gigas, C. pteridium, and the
lycopods Subsigillaria brardii (Brongniart) Weiss
emend. Shchegolev. Plant remains of mainly the
same species composition were found both in
lacustrine shales and in mudstone and siltstone
deposits of deltaic and floodplain settings, except
for the lycopods and some pteridosperms, which
occur only in deltaic and floodplain deposits.
These floristic and facies data indicate that the
plants of key and characteristic taxa belonged to
the calamitalean-fern-pteridosperm communities
of lacustrine coasts and the lycopsid-calamite-
fern-pteridosperm communities of deltaic-flood-
plain valleys.

In the Zelenchuk area, the zone compris-
es the plant-bearing beds 5-10, which include
Sphenophyllum angustifolium (Germar) Goep-
pert in the bed 5 and Sphenophyllum thonii.
These beds are characterised by the diverse
flora, namely the ferns Acitheca polymor-
pha, Cyathocarpus arboreus, C. candolleanus
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(Brongniart) Weiss, C. hemitelioides, Diplazites
unitus and the pteridosperms Odontopteris brar-
dii, 0. schlotheimii, Dicksonites sterzelii (Zeiller)
Danzé, Callipteridium gigas, Sphenopteridium
germanicum (see Fig. 5). Plant remains found in
deltaic-floodplain grey mudstones and siltstones
and fine-grained sandstones suggest that the
plants of the listed taxa were part of the lyco-
psid-calamitalean-fern-pteridosperm communi-
ties of deltaic-floodplain valleys.

According to the floristic composition
of plant fossil assemblages in two areas,
the plant communities of both the wetland

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

calamitalean-fern-pteridosperm forests of lacus-
trine coasts and the calamitalean-fern and lyco-
psid-pteridosperm forests of deltaic-floodplain
valleys were characterised by a diverse taxonomic
composition of plant communities with the same
dominant ferns as in the time interval of previous
zone, namely Acitheca polymorpha, Cyathocarpus
arboreus, and “Pecopteris” bredovii, and also the
more diverse and slightly different species com-
position of pteridosperms composed of Odon-
topteris brardii, O. schlotheimii, Dicksonites ster-
zelii, Callipteridium gigas, and Sphenopteridium
germanicum in Zelenchuk area.
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Autunia conferta Zone (Zelenchuk 11-19)

The Autunia conferta Zone is defined based on
the appearance of an index species. The pterido-
sperms Autunia conferta and other characteristic
pteridosperms Dichophyllum flabelliferum (Weiss)
Kerp et Haubold and Sphenopteridium germani-
cum were found in floodplain fine-grained sand-
stones (see Fig. 5). These pteridosperms belonged
to the communities of the seasonally dry pterido-
sperm-conifer forests of floodplains and river val-
ley slopes. In addition, typical for the zone are also
the diverse sphenopsids, ferns, and pteridosperms
that grown within deltaic-floodplain valleys. The
time interval of this zone is characterised by the
appearance of new communities of the seasonally
dry pteridosperm forests within floodplains as well
as the spread of the same wetland lycopsid-ca-
lamitalean-fern-pteridosperm forests with the
same dominants within deltaic-floodplain valleys
as in the previous time interval.

Comparative palaeophytocoenotic
analysis of Late Pennsylvanian
vegetation cover in the Donets
Basin and the Northern Caucasus

The vegetation analysis was carried out based on
the floristic and syntaxonomic compositions of the
vegetation cover of the Donets Basin established by
the author as a result of the classification of plant
communities using the Braun-Blanquet method
(Boyarina, 2023) and the taxonomic composition of
plant communities in the Northern Caucasus basin
(Boyarina, Kovalenko, 2023). The composition of the
Late Pennsylvanian vegetation cover in each basin
had distinctive features. The plant communities of
the Donets Basin during different time intervals of
the Late Pennsylvanian belonged to wetland ca-
lamitalean-fern-pteridosperm forests and calami-
talean-fern woodlands, and also seasonally dry
fern-pteridosperm woodlands of coastal lowlands;
wetland lycopsid-calamitalean-fern-pteridosperm
forests and calamitalean-fern-pteridosperm wood-
lands of delta plains; seasonally dry fern-pterido-
sperm woodlands of floodplains, and cordaitalean
and coniferous woodlands of river valley slopes.
According to the refined ecological and land-
scape interpretations in the present study, the
plant communities of the Northern Caucasus were
part of the wetland calamitalean-fern-pterido-
sperm forests of lacustrine coasts, wetland ly-
copsid-calamitalean-fern-pteridosperm  forests

N.I. Boyarina

of deltaic-floodplain valleys, and seasonally dry
pteridosperm and coniferous forests or woodlands
of floodplains and river valley slopes.

The palaeophytocoenotic and palaeoecological
characteristics of the plant communities discussed
above for five time intervals of macrofloral zones
provide an opportunity to identify the features of
the spatial structure and development of the Late
Pennsylvanian vegetation cover in sedimentary ba-
sins of different types.

The vegetation cover in the Donets Basin with
paralic settings was characterised by the chang-
es in the dominance of plant communities that
were associated with the landscape changes as a
result of glacioeustatic sea level fluctuations. The
differences in the composition of plant communi-
ties of different landscape types point to a clear-
ly expressed spatial differentiation of vegetation
cover in accordance with the landscape differen-
tiation, namely the vegetation differentiation into
the plant communities of coastal lowlands, deltaic
and floodplain plains and river valley slopes. And
thus, the differentiation of vegetation cove in the
Donets Basin reflects the spread of the plant com-
munities of the certain syntaxonomic type with a
characteristic species composition and dominants
across extensive low-relief terrains. The compari-
son of the time intervals of macrofloral zones with
glacioeustatic sea-level changes (see Fig. 3) and
the conducted analysis of plant communities show
that changes of the periods of relative sea level
with characteristic eustatic features (frequent or
infrequent fluctuations) and climatic changes led
to the changes in the spatial distribution and dom-
inance of different types of landscapes with their
characteristic plant communities. The expansion
of certain types of landscapes was accompanied
by the expansion of existing ecological niches and
the emergence of new ecological niches. The latter
played a key role in the evolution and distribution
of plants and palaeophytocoenoses (Odum, 1975;
DiMichele, Hook, 1992). The intensification of evo-
lutionary changes of vegetation occurred during
the periods with frequent eustatic fluctuations,
which took place in the time intervals of the Odon-
topteris cantabrica Zone and the Sphenopteris ma-
thetii (= Alethopteris zeillerii) Zone (see Fig. 3). In
contrast, the Gzhelian stepwise changes in domi-
nant landscapes from coastal lowlands and delta
plains to river valleys and lagoonal plains occurred
at the transition period from the late Kasimovian-
early-middle Gzhelian deglacial interval to the late

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. No 1 | Geologicnij Zurnal. 2026. No. 1



Analysis of the Upper Pennsylvanian phytozonal units of the Donets Basin and the Northern Caucasus using the ecostratigraphic approach

Paleozoic glaciation under condition of a falling
sea level. These landscape changes were accom-
panied by the changes in the dominance of habi-
tat-specific plant communities that are reflected by
the subzones of the Sphenophyllum angustifolium
Zone and the Autunia conferta Zone.

The vegetation cover in the Northern Caucasus
with intramontane fluvio-lacustrine settings, over-
all consisting of the plant communities of lacus-
trine coasts and deltaic-floodplain valleys, had
differences in different areas. In the Teberda area,
wetland forest communities were widespread
within lacustrine coasts and deltaic-floodplain
valleys, whereas in the Zelenchuk area, wetland
forests of deltaic-floodplain valleys prevailed. The
changes of landscape settings and vegetation in
intramountain basins were traditionally associ-
ated with the changes of local base level driven
generally by fault- and fold-related subsidence
and uplift. The lithological and facies sequences
of deposits, in particular the stratigraphic posi-
tion of lacustrine strata with coal interlayers with-
in certain macrofloral zones in the Teberda area,
that corresponds to the position of shallow marine
strata with lacustrine and swamp sediments in the
same macrofloral zones in the Donbas, can signal
the possible role of glacioeustatic sea-level fluc-
tuations in the changes of the local base level of
erosion (lake levels in intramontane basins) during
periods of the relatively stable higher sea level in
the late Kasimovian-early-middle Gzhelian degla-
cial interval. However, such an impact of sea-level
fluctuations could be possible, provided that there
was a hydrological connectivity between the local
base level of these territories and the relative sea
level. But either way, the changes of the local base
level of erosion played a main role in the chang-
es of vegetation cover of the Northern Caucasus.
The intramountain type of the Northern Caucasus
basin within the continental orogenic belt, as well
as the taphonomic features and facies affiliation
of plant remains of diverse taxonomic groups dis-
covered in Teberda and Zelenchuk areas indicate
a catenary organization of vegetation cover. The
geobotanical studies of the catenary arrangement
of soils and plant communities have shown that
the sequence of soil types (catena) influences the
distribution of plant communities and is controlled
by the sequence of landscape conditions accord-
ing to micro-relief elements from watersheds to
a local base level and, consequently, landforms,
soils and vegetation reflect a catenary sequence
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(arrangement) from upland to lowland positions
(Milne, 1935; Bushnell, 1942; Krassilov, 1972, 1977;
Young, 1972). According to the lithological and fa-
cies features of deposits in the two studied basins,
the landscape catenary series included lacustrine
coasts, deltaic-floodplain valleys, and river valley
slopes located on sloping terrains. The import-
ant aspect of this catenary series is a directional
change of landscape structures along relief-relat-
ed topographic and drainage gradients. The sec-
ond important aspect is the mainly similar spe-
cies composition of plant fossil assemblages from
diverse facies (lacustrine, lacustrine-deltaic and
deltaic-floodplain). This provides evidence that
the plant communities of adjacent landscapes had
a similar species composition and identical domi-
nants in the intramountain basin with the catenary
sequence of plant communities and the narrowly
limited spatial distribution of landscape types, ex-
cept in lycopsids that were limited only to deltaic
settings. These phytocoenotic data and the facies
sequences of deposits suggest that the dynam-
ics of landscape types for a long time was main-
ly accompanied by an expansion of the ranges of
plant communities and the community interaction
of adjacent landscapes, which led to an increase
in species diversity of plant communities without
changing their dominants. The species diversity
and similar species composition of plant com-
munities of adjacent landscape types (lacustrine
coasts and deltaic-floodplain valleys) were most
likely a manifestation of the ecotone (edge) effect.
The ecotone effect is expressed in the biological
diversity of plant communities formed over long
periods of time in the vegetation cover of the tran-
sition zone between two adjacent ecologically dif-
ferent landscape types (Odum, 1975; Holland et al.,
1991). High species diversity in ecotones was con-
tributed by the emergence of new ecological niches
due to their overlap (Odum, 1975). The pronounced
manifestation of the ecotone effect in the devel-
opment of vegetation cover was most likely facil-
itated by the limited spatial distribution of these
landscapes within the intramountain basin. Such
features of the development of plant communities
of two landscape types are traced throughout the
time intervals of the macrofloral zones of Crenu-
lopteris lamuriana, Alethopteris zeillerii and, es-
pecially, the Sphenophyllum angustifolium Zone.
In addition, at this time the flora of the North-
ern Caucasus was also enriched by such endemic
species as “Pecopteris” angustissima Shchegolev,
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“Pecopteris” kaucasica Shchegolev, Sphenoneu-
ropteris elegans Shchegolev, S. brongniartii
Shchegolev, Neuropteris teberdensis Shchegolev
(Shchegolev, 1979).

The different differentiation types and phytoco-
enotic processes of plant communities in the Donets
Basin and the Northern Caucasus determined the
dynamics of vegetation cover over the Late Penn-
sylvanian. In the development of vegetation cover in
basins, several stages can be identified, which corre-
spond to time intervals of macrofloral zones.

In the Donets Basin, the time interval of the
Odontopteris cantabrica Zone corresponds to the
transitional stage of the replacement of lycop-
sid-dominated forests by fern-dominated forests
within coastal lowlands. The reduction in spe-
cies diversity of forests with dominant lycopods
(Fissunenko, 1991) indicates regressive changes
in plant communities. The vegetation changes of
coal-swamp environments were associated with
changes of climatic conditions in the long period
of the relatively stable low sea level within the ear-
ly Kasimovian glacial interval in the Donets Basin.
Therefore, the lower boundary of this zone marks
exodynamic regressive changes, i.e. the begin-
ning of the gradual decline of the wetland lycop-
sid-dominated forests.

The time interval of the Crenulopteris lamuriana
Zone corresponds to the stage of the dominance
of the wetland calamitalean-fern-pteridosperm
forests of the Neuropterido ovatae-Crenulopteri-
detalia lamurianae order on coastal lowlands in
the Donets Basin, as well as the stage of the dom-
inance of the wetland calamitalean-fern-pterido-
sperm forests of lacustrine coasts and deltaic val-
leys with the dominant ferns Acitheca polymorpha
and Cyathocarpus arboreus in the Teberda area of
the Northern Caucasus. The lower boundaries of
the zone in both regions mark phytocoenogenetic
changes in vegetation cover, namely the forma-
tion and spread of new communities of wetland
forests with a similar species composition of
sphenopsids and ferns, but with the different fern
dominants and the different taxonomic composi-
tion of pteridosperms in each of the basins. The
formation of new communities in both basins was
influenced by climatic conditions at the beginning
of the late Kasimovian-early-middle Gzhelian de-
glacial interval as well as regional ecological and
landscape factors. The new plant communities in
the Donets Basin were formed in conditions of
the emergence of new ecological niches within

N.I. Boyarina

widespread coastal lowlands, while in the North-
ern Caucasus, the spread of new plant communi-
ties within lacustrine coasts and deltaic valleys
was controlled by the presence of ecotones in
vegetation cover.

The time interval of the Alethopteris zeille-
rii (= Sphenopteris mathetii) Zone in both basins
corresponds to the stage of the increasing spe-
cies diversity of the same communities as in the
time interval of the previous zone. In the Donets
Basin, this is the stage of the increasing species
diversity of the communities of the wetland ca-
lamitalean-fern-pteridosperm forests of the Neu-
ropterido ovatae-Crenulopteridetalia lamurianae
order on coastal lowlands, and in the Northern
Caucasus, this is the stage of the increasing spe-
cies diversity of the communities of the wetland
calamitalean-fern-pteridosperm forests with the
dominant Acitheca polymorpha and Cyathocar-
pus arboreus on lacustrine coasts and the lyco-
psid-calamitalean-fern-pteridosperm forests with
the same dominant ferns and the more common
pteridosperms Odontopteris brardii on delta-
ic-floodplain valleys. Consequently, the vegeta-
tion cover in both basins was characterised by
a predominantly similar species composition of
ferns, but with different dominants and different
composition of pteridosperms. The communities
of deltaic-floodplain valleys in the Northern Cau-
casus included other and more diverse pterido-
sperms. The lower boundary of the zone in each
of the basins marks the exodynamic progressive
changes in the same palaeophytocoenoses. The
increase in the species composition of ferns and
sphenophylls belonging to the plant communities
of coastal lowlands in the Donets Basin was as-
sociated with the periodic expansions of coastal
lowlands accompanied by the emergence of new
ecological niches during the late Kasimovian long
period of the relatively stable high sea level with
frequent sea-level fluctuations. In the Northern
Caucasus, the increase in diversity of species
composition of ferns, sphenophylls and pterido-
spems occurred under conditions of the expan-
sions of lacustrine coasts in the Teberda area and
deltaic-floodplain valleys in the Zelenchuk area
with the emergence of new ecological niches as a
result of changes of local base level.

The time interval of the Sphenophyllum angus-
tifolium Zone in the Donets Basin corresponds to
the stage of the formation and spread of new com-
munities with two successive substages: the early
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substage of the dominance of new communities
of the wetland calamitalean-fern forests of the
Calamito suckowii-Cyathocarpetalia densifoliae
order on coastal lowlands and the late substage
of the dominance of new communities of the ly-
copsid-calamitalean-fern-pteridosperm forests of
the Subsigillario-Odontopteridetalia schlotheimii
order on deltaic plains. The lower boundary of the
zone marks the phytocoenogenetic changes of pa-
laeophytocenoses that were presented by the for-
mation of new communities of the wetland forests
of coastal lowlands and deltaic plains with new
dominants. The formation of new palaeophytoco-
enoses of these environments took place in the
final phase of the late Kasimovian-early-middle
Gzhelian deglacial interval, during which the peri-
od of the relatively higher sea level was replaced
by the period of the falling sea level. The domi-
nance of coastal lowlands in the first half of the
time interval of the zone and deltaic plains in the
second half of this interval played a decisive role
in the spread of these two types of plant commu-
nities of different syntaxonomical types because
the dominance of landscapes was accompanied
by the expansion of existing and the emergence
of new ecological niches within each of these
landscape types. An important peculiarity in this
regard is the fact that the ferns and sphenophylls
of the zone key species were part of the plant
communities of dominating coastal lowlands in
the time interval of the lower Cyathocarpus den-
sifolius Subzone, and pteridosperms of the zone
key species belonged to the plant communities of
the dominating deltaic plains in the time interval
of the upper Odontopteris schlotheimii Subzone.
In the Northern Caucasus, the time interval of the
Sphenophyllum angustifolium Zone corresponds
to the stage of the increasing species diversi-
ty of the plant communities with former domi-
nants. The dominant ferns Acitheca polymorpha
and Cyathocarpus arboreus and non-dominant
pteridosperms Pseudomariopteris cordata-ovata
are known in the Teberda area. The ferns Acitheca
polymorpha and the pteridosperms Odontopteris
brardii continued to dominate in Zelenchuk area.
The lower boundary of the zone in the Northern
Caucasus marks exodynamic progressive changes
in paleophytocenoses. These community changes
were caused by the expansion of deltaic-flood-
plain valleys and the emergence of new ecological
niches in the Zelenchuk area. In the Teberda area,
the plant communities of lacustrine coasts and

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

deltaic-floodplain valleys had a largely similar
species composition of ferns and sphenophylls,
but the composition of the pteridosperms of del-
taic-floodplain communities was more diverse
than the communities of lacustrine coasts. The
progressive changes in plant communities of the
Teberda area were most probably due to a mani-
festation of the ecotone effect and an overlap of
ecological niches.

The time interval of the Autunia conferta Zone
in the Donets Basin corresponds to two succes-
sive stages of vegetation development. The low-
er Autunia naumannii Subzone corresponds to
the stage of the formation and spread of new
communities of the seasonally dry woodlands
of the Autunietalia conferto-naumannii order
of floodplains and river valley slopes, while the
upper Sphenopteridium germanicum-Cyathocar-
pus daubreei Subzone - the stage of the forma-
tion and dominance of new communities of the
seasonally dry fern-pteridosperm woodlands of
the Odontopterido schlotheimii-Cyathocarpetalia
daubreei order on lagoon plains. The time inter-
val of this zone in the Northern Caucasus corre-
sponds to the stage, which is characterised by the
formation and spread of new communities of the
seasonally dry forests or woodlands including cal-
lipterid pteridosperms within floodplains and riv-
er valley slopes alongside the spread of the same
communities of the wetland lycopsid-calamital-
ean-fern-pteridosperm forests with the previous
dominant Acitheca polymorpha and Odontopteris
brardii in deltaic-floodplain valleys as in the pre-
vious time interval. Therefore, the lower bound-
aries of the zone in both regions mark the phy-
tocoenogenetic changes of palaeophytocenoses,
namely the formation and spread of new commu-
nities of the seasonally dry forests or woodlands
of floodplains and river valley slopes. The wider
spread of seasonally dry vegetation took place
during the late Gzhelian glacial interval, which ac-
companied by the long-term gradual increase in
aridity during the Late Pennsylvanian. However,
the Autunia conferta Zone in the Northern Cauca-
sus is distinguished by the more diverse flora of
river landscapes, namely the presence of pterido-
sperms of the Callipteridium genus (Callipteridium
gigas, C. trigonum Franke) and richer species com-
position of sphenophylls and ferns. This makes it
possible to assume that wetter conditions were
still maintained in the intramontane basin at the
end of the Late Pennsylvanian.
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Summarizing the above, it can be argued that the
different landscape and ecological conditions in
the two considered sedimentary basins determined
different types of differentiation of the vegeta-
tion cover reflecting plant community distribution
and developmental features of plant communties
shaped by ecological niche dynamics. The vegeta-
tion cover in the Donets Basin was characterised by
the spatial differentiation into plant communities
in coastal lowlands, deltaic and floodplain plains,
and river valley slopes in low-relief terrains and the
emergence of new ecological niches under condi-
tions of landscape expansion or change. The vege-
tation cover in the Northern Caucasus was marked
by the catenary differentiation into plant communi-
ties of lacustrine coasts, deltaic-floodplain valleys
and river valley slopes in sloping terrains with in-
creased plant species richness as a manifestation
of the ecotone effect and the emergence of new
ecological niches as a result of niche overlap. The
changes of landscapes occurred mainly as a con-
sequence glacioeustatic processes in the Donets
Basin and changes in the local base level with its
inherent erosion processes in the Northern Cauca-
sus against the backdrop of global climate changes
and tectonic processes within continental orogen-
ic belts. The landscape changes had an impact on
vegetation cover dynamics that are reflected in the
successive stages of vegetation development with
the different phytocoenotic changes of plant com-
munities. In the Donets paralic basin with the spa-
tial differentiation of vegetation cover, the phyto-
coenogenetic and exodynamic progressive changes
were characteristic for plant communities. In the
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Northern Caucasus intramontane basin with the
catenary differentiation of vegetation cover, the
exodynamic progressive changes in plant commu-
nities predominated as a manifestation of the ec-
otone effect.

Conclusions

The comparative analyses of palaesophytocoenotic
and landscape data of Late Pennsylvanian vegeta-
tion in time interval of five macrofloral zones in the
Donets Basin with paralic setting and the Northern
Caucasus intramontane basin with fluvio-lacustrine
environments showed that the different landscape
and ecological conditions determined the develop-
mental features of vegetation cover. The vegetation
cover in different tectono-sedimentary basins was
characterised by different types of differentiation
reflecting plant community distribution, different
features of plant community development shaped
by dynamics of ecological niches and diverse phy-
tocoenotic processes. The dynamics of ecological
niches and phytocoenotic processes of plant com-
munities under conditions of different types of veg-
etation cover differentiation controlled the floristic
composition of communities, which is reflected in
stratigraphic ranges of plant fossil taxa and phyto-
stratigraphical zonation.
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MpoBeaeHo NOPUCTUUHI, NaneodiTOLEHOTUYHI Ta NaneoeKonoriuyHi aHaniam Mi3HbONEeHCUNbBAHCbKOTO POCAUHHOIO MOKPUBY
[JoHeubkoro 6aceitHy Ta MiBHiUHOro KaBka3y Ans 4acoBuX iHTepPBaniB MakpOMIOPUCTUUHMX 30H 3 METOI O6IPYHTYBAHHS BEpX-
HbOMEHCUIbBAHCbKMX (DiTO30HANbHUX MiAPO3AINIB Y KOHTEKCTI NaneoeKoCnCTeMHUX 3MiH. POCTMHHUA MOKPUB KOXHOTO 6Gaceii-
HY BiA3HauyaBcs TUMOM AudepeHuiauii, AKUn Bigo6paxkas po3TallyBaHHS POCAUHHUX YIPYyNoBaHb, Ta 0CO6/MBOCTAMMU PO3BUTKY
POCNVHHMX YrpynoBaHb, 06YMOBNEHUMMN ANHAMIKOIO €KOMOFIUHNX Hill. POCAWHHMI NMOKPUB [JOHELbKOro BHYTPilHbOKPATOHHOIO
6aceliHy 3 MOCTPUTOBOI NapaniuHow CeArMeHTaLli€l, e 3HAUHUA BMUB Manu raLioeBCTaTUYHI 3MiHW PiBHA MOpS, Xapak-
TEepM3yBaBCsA NPOCTOPOBOD AMDEPEHLiaLi€E HA YrpynoBaHHA NpUGepeXxxHUX HU30BMWH, AeNbTOBUX i 3aNNaBHUX PIBHUH i CXUNiB
PiUKOBMX JONMWH cnabopenbeHMX MiCLLeBOCTEN Ta NMOSBOI HOBUX €KONOMYHUX Hill NpyU 3MiHaxX AOMiHYBaHHA TUNIB NaHAWAMTY.
PocnuHHUI NoKpuMB Mixripcbkoro 6acenHy MiBHiUHOro KaBka3sy 3 thtoBianbHO-03epHUMU NPUPOAHUMU CEPEAOBMLLIAMN, Aie MPO-
CTOpOBUIA po3nofin naHawadTis ¢popMyBaBCa Nig BNAMBOM 3MiH MicLeBoro 6a3ucy eposii, KOHTPONbOBAHOTO OPOreHiYHMU NPo-
Llecamu, XxapaKTepu3yBaBCs KaTeHapHO AudepeHLialielo Ha POCIMHHI YrpynoBaHHA 03epHUX y36epex, AenbToBO-3annaBHUX
JONVH i CXWNIB PiUKOBNX AONTUH CXUMIOBMX MICLLEEBOCTEl i3 36inblweHnM BUAOBUM 6araTCTBOM POC/MH SIK NPOSB EKOTOHHOTO edek-
Ty Ta NOSIBOIO HOBUX €KOMOTIUHUX Hill Yy pe3ynbTaTi NepekpuTTa Hiw. YacoBi iHTepBanu MakpodnopuCTUUHNX 30H CKOPEbOoBaHi
3 eTanamu po3BUTKY POCAMHHOTO NMOKPUBY, IKi PO3Pi3HAOTHCA NPOrPecUBHUMU a6o perpecBHUMU (hiTOLEHOTUYHUMM 3MiHAMU Ta
(iTOLLEHOreHETUUHUMI 3MiHAMU POCAMHHMX YIPYNOBaHb, CPUUYMHEHUMM (DAKTOPaMK eKOCUCTEMHOTO PiBHS. AHani3 Mi3HbOMEH-
CUNbBAHCbKOIO POC/TIMHHOTO MOKPUBY B KOXHOMY Y4acOBOMY iHTepBasi M'ATU MakpohnopucTUUHMUX 30H [oHeubkoro 6acenHy Ta
MiBHIYHOro KaBKa3sy CBiguNTD, WO Pi3Hi NAHAWAMTHI Ta eKONOTiUHi YMOBU B Pi3HMX TEKTOHO-CeAMMEHTALiNHMX 6aceiiHax BU3Haua-
NN Pi3Hi TUNY audepeHLjiaLii pOCIMHHOTO MOKPWBY, AUHAMIKY €KOJTOTIUHMX Hill | Pi3HOMAHITHI (hiTOLEeHOTUYHI npouecu. AnHaMiKa
€KONMOTiYHNX Hill i hiTOLEHOTMUHI NpoLecH POCANHHUX YrPYNnoBaHb B yMOBAX Pi3HUX TUNiB AndepeHLjiaLii pOCIMHHOFO NMOKPUBY
KOHTpONoBanu (GnopUCTUUYHNIA CKNaf YrpynoBaHb, Lo BiA06paXaeTbcs y cTpaTurpacdiuHnX giana3oHax KNOUOBUX i XapaKTepHUX
TaKCOHiB MaKpOhNOPUCTUYHMX 30H.
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