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The Be³chatów lig nite de pos its are a rich ar chive al low ing palaeoenvironmental, palaeo eco logi cal and palaeoclimatic re con -
struc tions from the Neo gene and Qua ter nary pe ri ods. We de scribe the re sults of palynological stud ies (in clud ing non-pol len
palynomorphs) of eight sam ples from the lower Mio cene KRAM-P 211/214 col lec tion of plant macroremains. The re sults of
this palynological anal y sis are con sis tent with the re sults of pre vi ous stud ies of plant macroremains and sig nif i cantly en rich
our knowl edge of veg e ta tion and palaeoenvironment. Both stud ies in di cate the pres ence of a fresh wa ter body (a mod er ately
large and deep lake) sur rounded by wet land veg e ta tion (in clud ing swamp for ests with Glyptostrobus, Taxodium, Nyssa and
Osmunda) and up land mesophytic for ests. Ev er green or at least semi-ev er green for est com mu ni ties grew along the an cient
shores of the lake and on the slopes of the Me so zoic calcareus rocks sur round ing the lake. In the lake, green al gae
(Pediastrum, Tetraedron and some Botryococcus) and fresh wa ter peridinoid dinoflagellates were ma jor com po nents of the
al gal com mu nity. The same lake was the source of pre vi ously iden ti fied an i mal re mains: fresh wa ter fishes, molluscs, and
mam mals, in clud ing Megachiroptera bats. Our anal y sis shows that the cli mate was sub trop i cal and hu mid, with an es ti mated 
mean an nual tem per a ture of 16.8–17.8°C. 
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INTRODUCTION

The Be³chatów lig nite de pos its (Fig. 1) were dis cov ered in
the 1960s, and since 1980s the Be³chatów Mine has yielded a
di verse ar ray of fos sils, be ing a rich ar chive al low ing palaeo -
environmental, palaeo eco logi cal, and palaeoclimatic re con -
struc tions of cen tral Po land dur ing the Neo gene and Qua ter -
nary. More over, fos sils from this lo cal ity have con sid er ably ex -
tended our un der stand ing of past plant biodiversity (Stuchlik et
al., 1990; Worobiec and Lesiak, 1998; Wójcicki and Zasta -
wniak, 1998; Worobiec, G., 2003, 2007, 2014; Worobiec and
Szynkiewicz, 2007, 2016; Worobiec et al., 2012; Worobiec and
Worobiec, 2020), al gae (Worobiec and Worobiec, 2008), fungi
(Worobiec and Worobiec, 2017; Worobiec et al., 2020), clado -
cera (Dumont et al., 2020), in sects (Wegierek, 1995), molluscs
(Stworzewicz, 1993, 1995), fresh wa ter fishes (Jerzmañska and 
Ha³uszczak, 1986; Kovalchuk et al., 2020) and mam mals (Ko -
wal ski, 1993; Rzebik-Kowalska and Kowalski, 2001; Garapich,
2002; Kowalski and Rzebik-Kowalska, 2002). 

Most of the fos sil plants (mainly macroremains) were found
in mid-to up per Mio cene de pos its of slow-flow ing rivers with

swamps and ox bow lakes, while palaeobotanical data con cern -
ing lower Mio cene de pos its are rather lim ited (Worobiec, 1995,
2003). Plant macroremain as sem blages KRAM-P 211 and
KRAM- P 214 were col lected in 1993 and 1994, re spec tively, in
the open pit of the Be³chatów Lig nite Mine. Both macrofloras
came from grey clays over lay ing paratonstein TS-3 (vel TS-4)
and they were de pos ited in a large lake (Worobiec, 2003). The
same lake was a source of an i mal re mains of fresh wa ter fishes
(Jerzmañska and Ha³uszczak, 1986; Kovalchuk et al., 2020),
molluscs, and mam mals, in clud ing Megachiroptera bats (Ko -
walski, 1995; Kowalski and Rzebik-Kowalska, 2002). De spite
such in ter est ing palaeontological find ings, no palynological
anal y sis of these gray clays was car ried out.

This pa per pres ents the re sults of palynological anal y sis of
pol len, spore and non-pol len palynomorph (fresh wa ter al gae
and fos sil fungi) as sem blages co-oc cur ring with the Be³chatów
KRAM-P 211/214 col lec tion of plant macroremains (Worobiec,
2003). The rel a tively high tax o nomic di ver sity of the well-pre -
served sporomorph as so ci a tion al lowed re con struc tion of the
plant com mu ni ties. Re sults of the palynological stud ies add
also in for ma tion about the age of the fos sil flora. The palyno -
logical anal y sis sig nif i cantly com ple ments the data on palaeo -
flora and palaeovegetation ob tained from pre vi ous stud ies of
plant macroremains (Worobiec, 2003) and pro vides new in for -
ma tion about the palaeoclimate and palaeoenvironment of the
early Mio cene.
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GEOLOGICAL SETTING

Bełchatów Lig nite Mine is sit u ated in cen tral Po land
(51°15’46.4”N 19°18’49.2”E), south of the town of Bełchatów
(Fig. 1) in the south ern part of the Cen tral Eu ro pean Low lands.
Neo gene de pos its with lig nite seams oc cur there within tec tonic 
de pres sions of the Kleszczów Graben (Stuchlik et al., 1990).
Four lithological units: subcoal unit (PW); coal unit (W) with the
main seam (PG), seam B and seam C; clayey-coal unit (I–W)
with seam A; and the youn gest clayey-sandy unit (I–P) were
dis tin guished in the Neo gene sed i men tary suc ces sion of the
Kleszczów Graben (Czarnecki et al., 1992; Matl, 2000).

An ex po sure with fos sil leaf as sem blages KRAM-P 211 and
KRAM-P 214 (Fig. 1) was lo cated within the coal unit (W), on
the coal es carp ment no. 1, at an al ti tude of 61.3–75.0 m a.s.l.,
on the west ern slope of the Bełchatów open pit mine, be tween
the bore holes 74.5/14.5 and 74/15 NS (Worobiec, 2003). In the
lower part of the ex po sure, lac us trine lime stone oc curred
interbedded with thin lig nite in ter ca la tions, which graded into
the main coal seam. The lac us trine lime stone was over lain by
black, humic coals, so-called “cuboidal clays”, cov ered by a
layer of 2–3 cm lam i nated pyroclastic de pos its (paratonstein)
re ferred to as TS-3 (Stuchlik et al., 1990) or TS-4 (Czarnecki et
al., 1992; Wag ner, 2000). The paratonstein was over lain by up
to 1.5 m thick grey clays con tain ing leaf macroremains. Clays
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Fig. 1. Lo ca tion of the Bełchatów Lig nite Mine and the lithostratigraphic pro file of the Neo gene de pos its in the Bełchatów Mine,
mod i fied from Stuchlik et al. (1990) and Worobiec (2003) 



with plant macroremains were over lain by lig nites of the 3–9 m
xylitic-clay seam C(III). The plant as sem blages were de pos ited
in a large lake as in di cated by the pres ence of ex ten sive lac us -
trine lime stone de pos its (Worobiec, 2003). The geo log i cal set -
ting of the KRAM-P 211/214 fos sil flora in clays over lay ing
paratonstein (tuffite, vol ca nic ash), dated us ing the fis sion-track 
(FT) method at 18.1 ±1.7 Ma (Burchart et al., 1988), and the
com po si tion of the leaf as sem blage (Worobiec, 2003), sug gest
its early Mio cene age. 

MATERIALS AND METHODS

For this re search, ar chi val ma te rial from the col lec tion of the 
W. Szafer In sti tute of Bot any, Pol ish Acad emy of Sci ences was
used. The ma te rial was col lected from the Bełchatów Lig nite
Mine opencast (Fig. 1). Forty eight spec i mens of the KRAM-P
211 fos sil leaf as sem blage from clays over ly ing paratonstein
TS-3 were col lected in 1993, while 193 spec i mens of the
KRAM-P 214 leaf as sem blage were col lected in 1994. For
palynological anal y sis eight sam ples from the KRAM-P 214 col -
lec tion of plant macro remains, in clud ing four sam ples from
spec i mens (rock sam ples with leaf macroremains num bers
129, 148, 149, 158) and four sam ples from rock frag ments with -
out num bers (A–D), were taken. 

The palynological sam ples were pro cessed in the Lab o ra tory 
of the W. Szafer In sti tute of Bot any, Pol ish Acad emy of Sci -
ences, ac cord ing to the fol low ing pro ce dure: a por tion of ~1 cm3

of crushed rock was treated suc ces sively with 10% hy dro chlo ric
acid (HCl), 10% po tas sium hy drox ide (KOH), 40% hy dro flu oric
acid (HF), and sub se quently 10% hy dro chlo ric acid (HCl) (Moore 
et al., 1991; Worobiec et al., 2021). Ad di tion ally, the re sid uum
was sieved at 5 µm on a ny lon mesh. From each sam ple 3–6 mi -
cro scope slides were made, us ing glyc er ine jelly as a mount ing
me dium. In all slides pol len grains, spores of plants and non-pol -
len palynomorphs (NPPs), such as al gal re mains and fun gal re -
mains, were stud ied. In each sam ple >600 pol len grains and
spores (>5000 sporomorphs al to gether) were iden ti fied and all
co-oc cur ring non-pol len palynomorphs were counted. 

The sporomorph taxa iden ti fied were clas si fied mainly on
the ba sis of the “At las of pol len and spores of the Pol ish Neo -
gene” (Stuchlik et al., 2001, 2002, 2009, 2014). In the ma te rial
stud ied, the fol low ing palaeofloristical (and palaeoclimatic) el e -
ments were dis tin guished: “palaeotropical” (P), in clud ing: “trop i -
cal” (P1) and “sub trop i cal” (P2), “arctotertiary” (A), in clud ing:
“warm-tem per ate” (A1) and “tem per ate” (A2) as well as cos mo -
pol i tan (P/A). The mean an nual tem per a ture (MAT) es ti ma tion
in this work is based on the Co ex is tence Ap proach (CA)
method (Utescher et al., 2014). The ba sic as sump tion for the
CA method is the con cept that the near est liv ing rel a tives of fos -
sil taxa pro vide the in for ma tion nec es sary to find a cli ma tic dis -
tri bu tion in ter val, where all the plants could have lived (Co ex is -
tence In ter val). The CA uses only the pres ence or ab sence of
the taxa, with out con sid er ing their rel a tive fre quency. The near -
est liv ing rel a tives and their MAT ranges fol low The Palaeoflora
Da ta base (Utescher and Mosbrugger, 2015). For the CA
method, the au thors se lected as many taxa as was pos si ble ex -
clud ing fos sil taxa with un known bo tan i cal af fin ity, re lated to
fam i lies, aquatic taxa, etc. (Ap pen dix 1). Mi cro pho to graphs of
se lected sporomorphs and non-pol len palynomorphs (Figs. 2
and 3) were taken us ing a Nikon Eclipse E400 mi cro scope fit ted 
with a Canon A640 dig i tal cam era. 

RESULTS OF THE PALYNOLOGICAL 
STUDIES

All sam ples stud ied yielded very well-pre served sporo -
morphs (Figs. 2 and 3) suit able for de tailed palynological anal y -
sis. Pol len spec tra from the sam ples are tax o nom i cally di verse
and they are very sim i lar in com po si tion. A to tal of 118 fos sil-
 spe cies of sporomorphs (in clud ing 11 spe cies of plant spores,
25 spe cies of gym no sperm pol len, and 82 spe cies of an gio -
sperm pol len) were iden ti fied (Ta ble 1). In all sam ples, the pol -
len grains of co ni fers are slightly more nu mer ous, but the an gio -
sperms are more di verse. Among the co ni fers, bisaccate pol len
grains are most fre quent, in clud ing Pinus (mainly Pinus polle -
nites labdacus, mean 34.47% in the spore-pol len spec tra for all
sam ples), Picea (7.44%), Cathaya (4.14%), Keteleeria
(1.71%), Abies (0.31%) and Cedrus (0.04%). Non-bisaccate
pol len grains of gym no sperms are rep re sented by Cupressa -
ceae, in clud ing pol len grains with dis tinct papillae (Fig. 2F) usu -
ally re lated to Se quoia/Se quoia den dron/Metasequoia/Crypto -
meria (3.04%) and other pol len (Fig. 2E) usu ally re lated to
Taxodium/Glyptostrobus (15.43%), Sciadopitys (1.02%), and
Tsuga (0.04%).

An gio sperms are rep re sented mainly by trees and shrubs,
whereas herbs are very rare. Most com mon are pol len grains of
Quercus (in clud ing Quercopollenites – 2.20% and Quercoidites
henricii + Quercoidites microhenricii – to gether 1.73%), Engel -
har dio ideae (Momipites, 2.22%), Castaneoideae (Cupuli -
feroipolle nites ovi formis and Cupuliferoipollenites pusillus, to -
gether 2.00%), Ulmus (1.73%), Carya (1.65%), Myricaceae
(1.43%), Betula (1.41%), Acer (mainly Aceripollenites reticulatus, 
1.35%), Oleaceae (Oleoidearum pollenites, 1.33%), Tricolporo -
pollenites pseudocingulum + Tricolporo pollenites  leonensis
(1.18%), Alnus (1.00%), Fagus (0.84%), Tilioi deae/Brown -
lowioideae (Intratri poro pollenites, 0.84%), Masti xia ceae (Corna -
ceaepollis satz veyen sis, 0.82%), Fabaceae (mainly Tricolporo -
pollenites fallax and Tricolporopollenites  liblarensis, to gether
0.70%), Fraxinus (0.70%), Ilex (0.53%) and Cercidiphyllum
(0.51%). Pol len grains of Carpinus, Cyrilla ceae/Clethraceae,
Erica ceae, Nyssa (Nyssapollenites and Nyssoidites rodderen -
sis), Liquid ambar, Platanus, Platycarya, Pterocarya, Salix, Sapo -
ta ceae, Arceuthobium, Vitaceae (Parthenopollenites marco -
durensis and Vitis polleni tes tener), and Zelkova were re corded
reg u larly in quan ti ties <0.50%. In ad di tion, a few pol len grains of
Arecaceae (e.g., Dicolpopollis kockelii), Celtis, Corylo psis and
other Hamameli daceae (Tricolporopollenites stare sedlo ensis),
Lirio den dron, Meliaceae, Symplocos, as well as mem bers of the
fos sil-gen era Edmundipollis, Fususpollenites and Subtriporo -
pollenites are pres ent. Among herbs Cypera ceae (in clud ing Cy -
pera ceae pollis piriformis, to gether 1.18%), Potamogeton (Pota -
mo getona cidites ovalis, 0.43%), and Sparga nia ceae/Typha ceae 
(0.12%) are most fre quent.

Spores of bryophytes and pteri do phytes are scarce and
they are rep re sented mainly by ferns, in clud ing Osmunda
(Baculati sporites, 0.25%), fos sil-gen era Laevigatosporites
(0.33%), Leiotriletes (0.08%), and Triplanosporites, fos sil-spe -
cies Radialisporis radiatus as well as Sphag num (Stereispo -
rites) and Lycopodium (Retitriletes frankfurtensis). Non-pol len
palynomorphs are rep re sented mainly by fresh wa ter al gae, in -
clud ing Pediastrum boryanum (mean 16.25% in the whole
palynological spec tra for all sam ples), peridinioid dino -
flagellate cysts (1.23%), Tetraedron min i mum, and Botryo -
coccus braunii. Re mains of fresh wa ter Zygnemataceae al gae
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Fig. 2. Spores and pol len grains from the KRAM-P 214 col lec tion

A – Stereisporites sp. (Sphag num); B – Retitriletes sp. (Lycopodium); C – Leiotriletes sp. (Lygodiaceae); D – Baculatisporites primarius
(Osmunda); E – Inaperturopollenites concedipites (Cupressaceae); F – Sequoiapollenites rugulus (Cupressaceae); G – Sciadopityspolle -
nites miniverrucatus (Sciadopitys); H – Sciadopityspollenites verticillatiformis (Sciadopitys); I – Cathayapollis sp. (Cathaya); J – Piceapollis
praemarianus (Picea); K – Liriodendroipollis verrucatus (Lirio den dron); L, M – Arecipites longicolpatus (Amaryllidaceae, Araceae, Areca -
ceae), same spec i men, var i ous foci; N – Alnipollenites verus (Alnus); O – Trivestibulopollenites betuloides (Betula); P – Carpinipites
carpinoides (Carpinus); Q – Zelkovaepollenites potoniei (Zelkova); R – Ulmipollenites stillatus (Ulmus); S – Platycaryapollenites miocaenicus
(Platycarya); T – Momipites qui etus (Engelhardioideae); U – Caryapollenites sim plex (Carya); V – Polyatriopollenites stellatus (Pterocarya);
W – Myricipites pseudorurensis (Myrica); X – Periporopollenites sp. (Liquid ambar); Y – Tricolporopollenites pseudocingulum (Fagaceae?,
Styracaceae?); Z, Z1 – Platanipollis ipelensis (Platanus), same spec i men, var i ous foci; Z2 – Spinulaepollis arceuthobioides (Arceuthobium);
Z3, Z4 – Ilexpollenites margaritatus (Ilex), same spec i men, var i ous foci; Z5, Z6 – Meliaceoidites angustiporatus (Meliaceae), same spec i -
men, var i ous foci; scale bar in A is 10 µm and re fers to all pho to graphs; bo tan i cal af fin ity in brack ets
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Fig. 3. Pol len grains and non-pol len palynomorphs from the KRAM-P 214 col lec tion

A, B – Nyssapollenites contortus (Nyssa), same spec i men, var i ous foci; C, D – Aceripollenites sp. (Acer), same spec i men, var i ous foci; E –
Quercopollenites rubroides (Quercus); F – Quercopollenites sp. (Quercus); G, H – Cercidiphyllites minimireticulatus (Cercidiphyllum); I, J –
Fraxinipollis oblatus (Fraxinus), same spec i men, var i ous foci; K, L – Sapotaceoidaepollenites sp. (Sapotaceae), same spec i men, var i ous
foci; M–O – Tetracolporopollenites cf. sapotoides (Sapotaceae?), same spec i men, var i ous foci; P – Parthenopollenites marcodurensis
(Vitaceae); Q – Cyperaceaepollis neogenicus (Cyperaceae); R – Cupuliferoipollenites oviformis (Castaneoideae); S – Potamogetonacidites
paluster (Potamogeton); T–V – peridinioid dinoflagellate cyst (Dinophyceae), same spec i men, var i ous foci; U, V – phase con trast; W –
Pediastrum boryanum, phase con trast; X – Pediastrum boryanum, phase con trast; Y – sporocarp of epi phyl lous fun gus; scale bar in A is
10 µm and re fers to all pho to graphs; bo tan i cal af fin ity in brack ets
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T a  b l e  1

Re sults of palynological anal y sis (num ber of palynomorphs and their av er age per cent ages) of sam ples from the KRAM-P 214 col lec tion
of plant macroremains. Tax on omy, bo tan i cal af fin ity and palaeofloristical el e ments of pol len and spores ac cord ing to Stuchlik et al.

(2001, 2002, 2009, 2014)

Fos sil taxa Bo tan i cal af fin ity El e ment
Sam ple Mean

[%]A B C D 129 148 149 158

SPORES OF BRYOPHYTES AND PTERIDOPHYTES:

Baculatisporites ma jor (Raatz) Krutzsch 
+ Baculatisporites primarius (Wolff) Thomp son et
Pflug + Baculatisporites sp.

Osmundaceae: Osmunda P/A 4 1 2 1 1 1 2 1 0.25

Laevigatosporites sp. Polypodiaceae,
Davalliaceae, and other ferns P/A 1 3 5 2 4  2  0.33

Leiotriletes sp. Lygodiaceae and other ferns P 1 1   1   1 0.08

Radialisporis radiatus (Krutzsch) 
Jansonius et Hills Lygodiaceae, Parkeriaceae P  1  1   1  0.06

Retitriletes frankfurtensis Krutzsch 
+ Retitriletes sp. Lycopodiaceae: Lycopodium A   2     1 0.06

Stereisporites sp. Sphagnaceae: Sphag num P/A  1 1    1  0.06

Triplanosporites sp. un known P   1      0.02

Verrucatosporites sp.
Davalliaceae,

Polypodiaceae,
and other ferns

P/A   1      0.02

POLLEN GRAINS OF GYMNOSPERMS:

Abiespollenites sp. Pinaceae: Abies A 1 1 1 1 1 3 6 2 0.31

Cathayapollis potoniei (Sivak)
Ziembińska-Tworzydło + Cathayapollis pulaensis
(Nagy) Ziembińska-Tworzydło + Cathayapollis 
wilsonii (Sivak) Ziembińska-Tworzydło 
+ Cathayapollis sp.

Pinaceae: Cathaya A1 26 30 36 42 22 15 11 29 4.14

Cedripites sp. Pinaceae: Cedrus A1    1    1 0.04

Cupressacites sp. Cupressaceae A1 2 5 1  4 1 2  0.29

Inaperturopollenites concedipites (Wodehouse)
Krutzsch + I. dubius (Potonié et Venitz) Thomson
et Pflug + Cupressacites bockwitzensis Krutzsch

Cupressaceae: Taxodium,
Glyptostrobus P2/A1 133 108 109 41 115 149 94 37 15.43

Keteleeriapollenites dubius (Khlonova)
Słodkowska Pinaceae: Keteleeria A1 8 10 8 18 5 8 13 17 1.71

Piceapollis praemarianus Krutzsch 
+ P. sacculiferoides Krutzsch + Piceapollis sp. Pinaceae: Picea A 25 32 43 61 41 45 54 78 7.44

Pinuspollenites labdacus (Potonié) Raatz
 + Pinuspollenites sp. Pinaceae: Pinus A 210 225 161 251 221 163 202 323 34.47

Sciadopityspollenites miniverrucatus
Kohlman-Adamska + Sciadopityspollenites 
serratus (Potonié et Venitz) Raatz et Potonié
 + Sciadopityspollenites verticillatiformis (Zauer)
Krutzsch + Sciadopityspollenites sp.

Sciadopityaceae: Sciadopitys A1 8 10 6 4 8 9 4 3 1.02

Sequoiapollenites rotundus Krutzsch
 + Sequoiapollenites rugulus Krutzsch
 + Sequoiapollenites sculpturius Krutzsch
+ Sequoiapollenites sp.

Cupressaceae: Se quoia, 
Se quoia den dron,

Metasequoia, Cryptomeria
A1 19 12 21 8 28 33 28 6 3.04

Zonalapollenites sp. Pinaceae: Tsuga A1     1  1  0.04

POLLEN GRAINS OF ANGIOSPERMS:

Aceripollenites reticulatus Nagy +Aceripollenites 
striatus (Pflug) Thiele-Pfeif fer + Aceripollenites sp. Sapindaceae: Acer A1 9 8 8 3 9 14 15 3 1.35

Alnipollenites metaplasmus (Potonié) Potonié 
+ Alnipollenites verus Potonié Betulaceae: Alnus P2/A 4 3 18 4 3 10 6 3 1.00

Arecipites longicolpatus Krutzsch + Arecipites sp. Amaryllidaceae, Araceae,
Arecaceae, Butomaceae P/A 1  2      0.06

Caprifoliipites sp. Adoxaceae: Sambucus, 
Vi bur num P/A1    1     0.02

Carpinipites carpinoides (Pflug) Nagy Betulaceae: Carpinus P2/A1 1 1 1 1  1   0.10

Caryapollenites sim plex (Potonié) Raatz Juglandaceae: Carya A1 15 6 11 3 13 11 19 6 1.65

Celtipollenites sp. Ulmaceae: Celtis P/A1 1    3  2  0.12

Cercidiphyllites minimireticulatus (Trevisan)
Ziembińska-Tworzydło

Cercidiphyllaceae:
Cercidiphyllum A1 3 4 8 1 1 4 4 1 0.51

Chenopodipollis sp. Amaranthaceae (incl.
Chenopodiaceae) P/A   1      0.02

Cornaceaepollis satzveyensis (Pflug)
Ziembińska-Tworzydło Mastixiaceae P1 6 5 8 2 6 5 5 5 0.82

Corylopsispollenites microreticulatus E.Worobiec Hamamelidaceae: Corylopsis A1 1 2  1     0.08

Cupuliferoipollenites oviformis (Potonié) Potonié Fagaceae: Castaneoideae P2/A1 3 2 3 13 7 11 22 18 1.55

Cupuliferoipollenites pusillus (Potonié) Potonié Fagaceae: Castaneoideae P2/A1  1 4 8 3 2 3 2 0.45

Cyperaceaepollis neogenicus Krutzsch 
+ Cyperaceaepollis piriformis Thiele-Pfeif fer Cyperaceae P/A 5 6 6 3 11 15 11 3 1.18
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Tab. 1 cont. 

Fos sil taxa Bo tan i cal af fin ity El e ment
Sam ple Mean

[%]A B C D 129 148 149 158

Cyrillaceaepollenites brühlensis (Thomson) Durska
+ Cyrillaceaepollenites exactus (Potonié) Potonié
+ Cyrillaceaepollenites megaexactus (Potonié)
Potonié

Cyrillaceae, Clethraceae P 2 2 4 5 1 3   0.33

Dicolpopollis kockelii Pflanzl Arecaceae: Calamoideae P 1        0.02

Edmundipollis edmundi (Potonié) Konzalová,
Słodkowska et Ziembińska-Tworzydło 
+ Edmundipollis sp.

Cornaceae, Mastixiaceae,
Araliaceae

P1,
P/A1  1 2 2     0.10

Ericipites callidus (Potonié) Krutzsch 
+ Ericipites sp. Ericaceae P/A 1 2 2 3  1 1  0.19

Faguspollenites bockwitzensis (Wal ter et Zetter)
Kohlman-Adamska et Ziembińska-Tworzydło 
+ Faguspollenites sp.

Fagaceae: Fagus A 3 7 5 3 8 7 8 2 0.84

Fraxinipollis oblatus Słodkowska Oleaceae: Fraxinus A 2 4 2 1 7 10 7 3 0.70

Fususpollenites sp. Fagaceae (incl.
Colombobalanus) P1  1   1    0.04

Graminidites sp. Poaceae: Pooideae P/A  1       0.02

Ilexpollenites iliacus (Potonié) Thiergart
+ Ilexpollenites  margaritatus (Potonié) Thiergart 
+ Ilexpollenites  propinquus (Potonié) Potonié

Aquifoliaceae: Ilex P/A1,
P2 2 7 5 3 4 4 1 1 0.53

Intratriporopollenites instructus (Potonié) Thomson
et Pflug + Intratriporopollenites sp.

Malvaceae:
Brownlowioideae, Tilioideae P/A1 9 7 10 6 6 3 1 1 0.84

Juglanspollenites sp. Juglandaceae: Juglans P2/A1     1    0.02

Liriodendroipollis verrucatus Krutzsch Magnoliaceae: Lirio den dron P2/A1    1     0.02

Meliaceoidites angustiporatus Durska Meliaceae P 1     1   0.04

Momipites qui etus (Potonié) Nichols + Momipites
punctatus (Potonié) Nagy

Juglandaceae:
Engelhardioideae P, P2 11 7 17 15 11 23 20 9 2.22

Myricipites pseudorurensis (Pflug) Grabowska 
et Ważyńska + Myricipites sp. Myricaceae P2/A 11 9 14 15 6 8 6 4 1.43

Nyssapollenites contortus (Pflug et Thomson) Nagy 
+ Nyssapollenites sp. + Nyssoidites rodderensis
Thiergart

Nyssaceae: Nyssa P2/A1 5 2 3 2 1 2 1 2 0.35

Oleoidearumpollenites microreticulatus (Pflug 
et Thomson) Ziembińska-Tworzydło 
+ Oleoidearumpollenites reticulatus Nagy 

Oleaceae P2/A1 5 4 12 11 5 13 13 5 1.33

Parthenopollenites marcodurensis 
(Pflug et Thomson) Tra verse Vitaceae P/A1 1  1  1 1 1  0.10

Periporopollenites stigmosus (Potonié) 
Pflug et Thomson Altingiaceae: Liquid ambar A1 3  3 3 1 1 3 2 0.31

Platanipollis ipelensis (Pacltová) Grabowska Platanaceae: Platanus P/A1 2 2 3 4 1 3 2 1 0.35

Platycaryapollenites miocaenicus Nagy
 + Platycaryapollenites sp. Juglandaceae: Platycarya P2/A1 3 1 3 2 1 4 3 1 0.35

Polyatriopollenites stellatus (Potonié) Pflug Juglandaceae: Pterocarya A1 2 1 2 1  1 1 1 0.17

Potamogetonacidites paluster (Manten) Mohr Potamogetonaceae:
Potamogeton P/A 1 3 2 1 3 6 4 2 0.43

Quercoidites henricii (Potonié) Potonié, Thomson 
et Thiergart + Q. microhenricii (Potonié) Potonié,
Thomson et Thiergart

Fagaceae: Quercoideae P2/A1 11 12 20 5 12 13 11 4 1.73

Quercopollenites rubroides Kohlman-Adamska 
et Ziembińska-Tworzydło + Quercopollenites sp. Fagaceae: Quercus P2/A1 16 22 7 7 16 17 19 8 2.20

Salixipollenites sp. Salicaceae: Salix A 1 1 3 2 1  1 1 0.19

Sapotaceoidaepollenites obscurus (Pflug et 
Thomp son) Nagy + Sapotaceoidaepollenites sp.
 + Tetracolporopollenites cf. sapotoides 
Pflug et Thomson

Sapotaceae P 2 1 2   1 1  0.14

Sparganiaceaepollenites sp. Sparganiaceae, Typhaceae P/A 2  2 1 1    0.12

Spinulaepollis arceuthobioides Krutzsch Santalaceae: Arceuthobium P2/A1 3 1 2 3 7 2 1 1 0.39

Subtriporopollenites sp. Juglandaceae? P 1  2 1   1  0.10

Symplocoipollenites vestibulum (Potonié) Potonié Symplocaceae: Symplocos P      1   0.02

Tricolporopollenites dolium (Potonié) Pflug 
et Thomson Fagaceae? un -

known 1  1      0.04

Tricolporopollenites cf. euryoides
Kohlman-Adamska et Ziembińska-Tworzydło Pentaphylacaceae: Eurya P  2 3    1  0.12

Tricolporopollenites fallax (Potonié) Krutzsch 
+ Tricolporopollenites  liblarensis (Thomson)
Hochuli + Tricolporopollenites quisqualis 
(Potonié) Krutzsch

Fabaceae P/A 1 4 4 9 4 3 8 3 0.70

Tricolporopollenites leonensis Kohlman-Adamska 
et Ziembińska-Tworzydło + Tricolporopollenites 
pseudocingulum (Potonié) Thomson et Pflug 

Fagaceae?, Styracaceae? P/A1 10 8 7 4 5 10 8 8 1.18

Tricolporopollenites staresedloensis Krutzsch
 et Pacltová Hamamelidaceae P2 1        0.02



are ab sent. Fun gal re mains are scarce. In ad di tion, in most
sam ples leaf-spines of Ceratophyllum/Hydrocharitaceae type
were en coun tered. The palynological anal y sis re vealed nu -
mer ous euhedral and framboidal py rite (up to 25 mm in di am e -
ter), noted in all sam ples.

The com po si tion of the palynoflora shows a high abun -
dance of “warm-tem per ate” and “palaeotropical/warm-tem per -
ate” palaeofloristical el e ments (Ta ble 1 and Fig. 4). “Palaeo -
tropical” el e ments are rep re sented by spores of Leiotriletes sp.,
Radialisporis radiatus, and Triplanosporites sp. as well as pol -
len grains of Cornaceaepollis satzveyensis, Cyrillaceaepolle -
nites brühlensis, Cyrillaceaepolle nites exactus, Cyrilla -
ceaepolle nites  C. megaexactus, Dicolpopollis kockelii, Edmun -
di pollis edmundi, Fususpollenites sp., Ilexpolle nites marga -
ritatus, Meliaceoidites sp., Momipites qui etus, Momipites
punctatus, Sapotaceoidaepollenites obscurus, Sapotaceo -
idaepolle nites sp., Subtriporopollenites sp., Symplocoipolle -
nites vestibulum, Tricolporopollenites staresedloensis and pro -
b a bly Tricolporo pollenites euryoides (Ta ble 1). 

DISCUSSION

PLANT COMMUNITIES AND PALAEOENVIRONMENT BASED 
ON THE RESULTS OF THE PALYNOLOGICAL ANALYSIS 

AND THE KRAM-P 211/214 MACROFLORA

Twenty-eight fos sil-spe cies from the gen era Glyptostrobus,
Pinus, Taxodium, Tetraclinis, Acer, Alnus, Carya, “Castanea”,

Daphnogene, Dicotylophyllum, Laurophyllum, Liquid ambar,
My rica, Nyssa, Populus, Quercus, Smi lax, Stratiotes, Symplo -
ciphyllum, Ulmus and Osmunda were iden ti fied among the
plant macroremains from the Bełchatów KRAM-P 211/214 col -
lec tion (Worobiec, 2003). The re sults of the palynological anal y -
sis are con sis tent with the re sults of stud ies of plant macro -
remains and most of the macroremain gen era are also rep re -
sented by pol len and spores (Ta ble 1), ex cept for Populus and
Lauraceae pro duc ing pol len grains that do not pre serve in fos sil 
state. As in the case of the up per Mio cene as sem blages from
Bełchatów (Worobiec and Worobiec, 2016), the main dif fer ence 
is in the tax o nomic rich ness be tween mi cro- and macro flora.
The fos sil as sem blage was formed in lake de pos its and thus,
among macroremains, plants from the vi cin ity of the lake dom i -
nate, whereas among sporomorphs many taxa from pla ces lo -
cated far ther from the lake are pres ent (Fer gu son et al., 1998).
There fore, the re sults of pol len anal y sis con sid er ably en rich our
knowl edge about the veg e ta tion and palaeo environ ment. 

The re sults of both stud ies in di cate the pres ence of a fresh -
wa ter body (lake), sur rounded by wet land veg e ta tion (in clud ing
swamp for ests) and up land mesophytic for ests, at the time of
sed i men ta tion. In the wa ter body, green al gae (Chlorophyta),
such as Pediastrum, Tetraedron, and some Botryococcus col o -
nies, as well as fresh wa ter peridinioid dinoflagellates were ma -
jor com po nents of the al gal com mu nity. Among the al gae
Pediastrum boryanum is the most fre quent. Pediastrum al gae
are com mon phytoplankton of lakes and ponds and there fore
are of sig nif i cance in palaeoenvironmental re con struc tion
(Zamaloa and Tell, 2005; Worobiec, E., 2011, 2014). Fos sil
Pediastrum in pol len slides has been widely used as a bi o log i cal 
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Tab. 1 cont. 

Fos sil taxa Bo tan i cal af fin ity El e ment
Sam ple Mean

[%]A B C D 129 148 149 158

Tricolporopollenites villensis (Thomson) Thomson
et Pflug Fagaceae? un -

known   1  2  1  0.08

Trivestibulopollenites betuloides Pflug Betulaceae: Betula A 7 5 9 20 11 12 5 3 1.41

Ulmipollenites stillatus Nagy + Ulmipollenites
undulatus Wolff Ulmaceae: Ulmus A 14 9 15 9 17 10 11 3 1.73

Vitispollenites tener Thiele-Pfeif fer Vitaceae: Vitis P2/A1 1  1   1 1 1 0.10

Zelkovaepollenites potoniei Nagy
 + Zelkovaepollenites sp. Ulmaceae: Zelkova A1   4 3 4 2 1 1 0.29

Other pol len grains un known un -
known 5 9 3 5 7 8 4 5 0.90

SUM 628 613 644 618 653 671 654 612 100.00

SELECTED NON-POLLEN PALYNOMORPHS AND PALYNOCLASTS:

Botryococcus braunii Kützing Dictyosphaeriaceae:
Botryococcus braunii X   2 4 1   2 0.14

Pediastrum boryanum (Turp.) Menegh. 
+ Pediastrum sp. Chlorophyta: Pediastrum X 72 49 229 76 83 274 198 39 16.25

Tetraedron min i mum (A. Braun) Hansgirg
Chlorophyta:

Chlorococcaceae:
Tetraedron

X   5 6     0.17

Peridinioid dinoflagellate cysts Dinophyceae X 1  3   26 46 1 1.23

Leaf-spines
Hydrocharitaceae,
Ceratophyllaceae:

Ceratophyllum
X 1  1 1  2 1  0.09

Spores of fungi Fungi X 5 3 8 4 6 8 13 9 0.89

Sporo carps and conidia of fungi (incl.
Phragmothyrites) Fungi X 0 0 1 0 0 1 1  0.05

TOTAL SUM 707 665 893 709 743 982 913 663 100

Palaeofloristical el e ments: A – “arctotertiary” (A1 – “warm-tem per ate”, A2 – “tem per ate”); P – “palaeotropical” (P1 – “trop i cal”, P2 – “sub trop i cal”);     
P/A – cos mo pol i tan; X – un de ter mined



in di ca tor for fresh wa ter en vi ron ments (open wa ter sur face) and
a tem per ate or warm cli mate (Jankovská and Komárek, 2000).
The ex tant Pediastrum boryanum gen er ally oc curs in meso -
trophic to eutrophic wa ters. These al gae typ i cally are plank tonic
or gan isms, drift ing and float ing in ponds, marshes, pools and
lakes (Komárek and Jankovská, 2001). Sim i larly, Tetraedron is a 
cos mo pol i tan plank tonic alga oc cur ring in fresh wa ters. Botryo -
coccus is one of the most com mon palyno morphs of coccal al -
gae in la goonal and lac us trine sed i ments. Gen er ally, these al gae 
live in fresh wa ter bogs, tem po rary pools, ponds and lakes as well 
as in brack ish hab i tats (Bat ten and Grenfell, 1996).

Fresh wa ter dinoflagellates can also be valu able in de ter -
min ing wa ter con di tions (Herrmann, 2010; Worobiec et al.,
2013). The sparse pres ence of Botryococcus al gae and the si -
mul ta neous abun dance of fresh wa ter dinoflagellates pre sum -
ably in di cate a depositional en vi ron ment of al ka line wa ter con -
di tions (Herrmann, 2010). These al ka line con di tions fa cil i tated
pres er va tion of mol lusc shells as well as bones and teeth of
fishes and mam mals. Al ka line wa ters are also in di cated by the
pres ence of lac us trine lime stone de pos its (Worobiec, 2003).
The abun dance of py rite in the de pos its stud ied sug gests that
or ganic mat ter deg ra da tion most prob a bly oc curred un der pre -
dom i nantly an aer o bic con di tions (Casagrande, 1987). All this
in di cates that sed i men ta tion took place in a fairly large and
rather deep lake, that was the hab i tat of var i ous fishes, in clud -
ing cy pri nids (Tinca sp.) and esocids (Esox sibiricus and Esox
sp.) (Kovalchuk et al., 2020).

The float ing and rooted macrophytes in cluded Potamo -
geton and Stratiotes. Nu mer ous fos sil seeds of Stratiotes
kaltennordheimensis were found in the KRAM-P 211/214 flora
(Worobiec, 2003). The pres ence of leaf-spines of plants with
sub merged leaves also points to the oc cur rence of such
aquatic plants as Hydrocharitaceae or Ceratophyllum, com -
monly found in fresh wa ters. Along the mar gin of the lake Typha
and/or Sparganium, as well as mem bers of the Cyperaceae
fam ily grew. Glyptostrobus, Taxodium, Nyssa, Osmunda and
pre sum ably Alnus were com po nents of swamp for ests that may 
have over grown the shore line with a high ground wa ter level. In
the KRAM-P 211/214 flora Glyptostrobus europeus, Taxodium
du bium, Nyssa ornithobroma and Osmunda parschlugiana
were noted (Worobiec, 2003). Acer, Alnus, Carya, Fraxinus,
Ulmus as well as Celtis, Liquid ambar, Pterocarya, Salix, Zelko -
va and Vitaceae may have grown in wet ar eas sur round ing the

lake. Fos sil leaves of mem bers of the above-noted gen era (in -
clud ing Acer integrilobum, Acer tricuspidatum, Acer sp. div., cf.
Carya serrifolia, Liquid ambar sp. and Ulmus sp.) plus Populus
sp. were found in the macroflora. Lianas were rep re sented by
Smi lax sagittifera (Worobiec, 2003). Mem bers of the fam i lies
Cyrillaceae, Clethraceae, Ericaceae, Myricaceae (in clud ing
Myrica lignitum) and pos si bly Ilex may be com po nents of both
swamp for ests and shrub bogs.

Quercus (also ev er green oaks pro duc ing pol len of the fos -
sil-spe cies Quercoidites henricii and Quercoidites micro -
henricii), Engel hardio ideae, Castaneoideae, Betula, Oleaceae,
Fagus, Tilioi deae and/or Brownlowioideae, Mastixiaceae,
Faba ceae, Ilex, Cercidiphyllum, var i ous co ni fers as well as
Corylopsis and other Hamamelidaceae, Alnus, Lirio den dron,
Meliaceae, Sym plo cos, Carpinus, Platanus, Platycarya, Sapo -
taceae, as well as some Arecaceae and plants pro duc ing pol len 
of the fos sil-spe cies Tricolporopollenites pseudocingulum, Tri -
col poro pollenites leonensis, and fos sil-gen era Edmundipollis,
Fususpollenites and Subtripo ropollenites were prob a bly com -
po nents of meso phytic for ests lo cated on el e vated places,
prob a bly away from the lake. Alnus julianiformis, Quercus rhe -
nana, Quercus sp. sect. Cerris vel sect. Dentata and Tetraclinis
salicornioides were found among the macroremains (Worobiec, 
2003). Some thermophilous taxa (such as mem bers of the fam -
i lies Are caceae, Mastixiaceae, Meliaceae, Sapotaceae, plus
Sym plocos) grew in these plant com mu ni ties. The KRAM-P
211/214 flora is also dis tin guished by a high pro por tion of
thermophilous ev er green taxa, in clud ing the rep re sen ta tives of
the Lauraceae fam ily, such as Daphno gene polymorpha and
Laurophyllum pseudoprinceps (Woro biec, 2003).

Var i ous spe cies of the Acer, Betula, Celtis, Fagus, Fraxi -
nus, Quercus, Ulmus and other gen era could grow both in wet -
land and mesophytic plant com mu ni ties (Worobiec and Woro -
biec, 2016). Sim i larly, “Castanea” kubinyii, a spe cies dom i nat -
ing this fos sil macroflora in terms of the num ber of spec i mens
(118 spec i mens), may have grown in wet land for est or in
mesophytic for est (Worobiec, 2003). Some pol len grains of
Pinaceae (Pinus, Picea, Abies, and Tsuga) pos si bly come from
plant com mu ni ties grow ing on el e vated ter rains, far ther from
the wa ter body. The most com mon bisaccate pol len grains
(Pinus and Picea) come from trees pro duc ing pol len in large
quan ti ties that are well equipped for long-dis tance dis persal
(Szczepanek et al., 2017). There fore they are most prob a bly
over-rep re sented in the palynoflora stud ied. Nev er the less,
some pol len grains of Pinaceae and Sciadopitys could have
orig i nated from trees grow ing as an ad mix ture in both mixed
mesophytic or wet land for ests close to the wa ter body (Mos -
brugger et al., 1994). For ex am ple, in the KRAM-P 211/214
flora two com pletely pre served fos sil cones of Pinus hampeana
as well as sev eral nee dle frag ments and seed wings of Pinus
sp. div. were found (Worobiec, 2003). The par a sitic Arceutho -
bium lived on co ni fers (prob a bly Pinus) (cf. Ohngemach and
Straka, 1982). 

PALAEOCLIMATE

The macro- and microflora stud ied from the KRAM-P
211/214 col lec tion are dom i nated by “palaeotropical/warm-tem -
per ate” taxa and con tain thermophilous el e ments, such as fos -
sil leaf taxa of co ni fers (Glyptostrobus and Tetraclinis) and an -
gio sperms (Daphnogene, Laurophyllum, and Smi lax) or pol len
grains of Arecaceae, Mastixiaceae, Meliaceae and Sapota -
ceae. For ex am ple, in the palynoflora, sporomorphs of “palaeo -
tropical” el e ments (P + P1 + P2) com prise 4.6% and “palaeo -
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P1 + P2 + P   4.6% 

P2/A + A1   17.1%

A   12.7%

P/A   3.3%

P2/A1 + P/A1   26.8%

unknown  1.0%

Pinus  34.5%

Fig. 4. Di a gram show ing pro por tions of sporomorphs 
of par tic u lar palaeofloristical el e ments in the sam ples 

from the KRAM-P 214 col lec tion

P1 – “trop i cal”, P2 – “sub trop i cal”, P – gen er ally “palaeotropical”, A1
– “warm-tem per ate”, A – gen er ally “arctotertiary”, P/A – cos mo pol i -
tan; el e ments ac cord ing to Stuchlik et al. (2001, 2002, 2009, 2014)



tropical/warm-tem per ate” el e ments (P2/A1 + P/A1) make up
26.8% (Fig. 4). The com po si tion of both leaf and spore-pol len
flo ras in di cate that at the time of sed i men ta tion the cli mate was
sub trop i cal and hu mid, com pa ra ble to the Cfa cli mate type
(warm tem per ate, fully hu mid with hot sum mer) in the Köppen-
 Gei ger cli mate clas si fi ca tion (Kottek et al., 2006). The es ti -
mated mean an nual tem per a ture (MAT) was 16.8–17.8°C (Ap -
pen dix 1). 

On a cu ti cle of fos sil leaf of Daphnogene polymorpha
(Laura ceae) from the KRAM-P 214 as sem blage nu mer ous
sporodochia of the epi phyl lous anamorphic fun gus Neomyco -
lepto discus pertusus (Dilcher) G. Worobiec (ear lier known as
Callimothallus pertusus Dilcher) were found (Worobiec, 2003;
Worobiec et al., 2020: pl. 1, figs. 4–7). Be sides Neomyco -
leptodiscus pertusus, an other epi phyl lous fun gus, from the
Phragmothyrites ge nus, was found. These phylloplane in hab it -
ants are con sid ered as a good proxy for past cli mate as ex tant
rel a tives of these taxa show the high est abun dance and tax o -
nomic di ver sity in warm and hu mid sub trop i cal and trop i cal re -
gions (Worobiec and Worobiec, 2017). The thermophillous
Neomycoleptodiscus pertusus cor rob o rates the warm (sub trop -
i cal) and prob a bly hu mid cli ma tic con di tions of the early Mio -
cene of Bełchatów (Worobiec et al., 2020).

Be sides plant and fun gal re mains, in the lower Mio cene de -
pos its of the Bełchatów Mine, nu mer ous an i mal fos sils in clud -
ing molluscs, fish skel e tons, and mam mal bones and teeth
(mam ma lian ho ri zon “Bełchatów C”, biozone MN 4) were
found. In the lac us trine lime stone ho ri zon, ly ing be low the leaf
as sem blage KRAM-P 211/214, nu mer ous aquatic and ter res -
trial molluscs were found. Among them, with re spect to palaeo -
ec ol ogy, shells of the ter res trial snail Pomatias bisulcatum
Zieten (Stworzewicz, 1995) are of spe cific in ter est. Mod ern rep -
re sen ta tives of the ge nus Pomatias (fam ily Pomatiasidae) usu -
ally live in warmer parts of Eu rope (es pe cially in the Med i ter ra -
nean Ba sin), Tur key, Cau ca sus and the Ca nary Is lands (Stwo -
rzewicz, 1993; Sümegi et al., 2018). The mod ern xerothermo -
philic spe cies Pomatias elegans oc curs from West ern Eu rope
to Tur key and North Af rica, usu ally in woods, shrublands, rock
rub ble, mar i time grass lands, but also along rivers and lake
sides (Kerney et al., 1979; Crispino and Esu, 1995; AnimalBase 
Pro ject Group, 2021). Like all mod ern Pomatiasidae, Pomatias
elegans is re stricted to cal car e ous soils (Rumsey, 1972) and
the north ern limit of its oc cur rence is con nected with the 2°C
Jan u ary iso therm (AnimalBase Pro ject Group, 2021). Con sid -
er ing this, it can be as sumed that the fos sil Pomatias bisulca -
tum from the Bełchatów Mine in di cates the pres ence of Me so -
zoic cal car e ous rock slopes sur round ing the an cient lake and
cor rob o rates the mild cli ma tic con di tions of the cold est sea son
in the Bełchatów re gion in the early Mio cene. This is in line with
the re sults of re search on mam ma lian re mains found in the
lower Mio cene mam ma lian ho ri zon ”Bełchatów C“, in di cat ing a
sub trop i cal cli mate (Kowalski and Rzebik-Kowalska, 2002). 

In de pos its with the leaf as sem blage KRAM-P 211/214, the
re mains of a fos sil fruit-eat ing bat (Rzebik-Kowalska and Ko -
walski, 2001) and skel e tons of fresh wa ter fishes (Jerzmańska
and Hałuszczak, 1986; Kovalchuk et al., 2020) were found. The 
fos sil bat, found within de pos its con tain ing the lower Mio cene
plant macroremains from Bełchatów, rep re sents the palaeo -
tropical fam ily Pteropodidae (Megachiroptera) and pre sum ably
is re lated to the re cent spe cies Rousettus aegyptiacus
(Rzebik- Kowalska and Kowalski, 2001). This is the only mem -
ber of the Pteropodidae fam ily that has a large part of its dis tri -
bu tion in the Palaearctic re gion (along the sea coasts of the
Med i ter ra nean, from Egypt to Leb a non, and the Mid dle East,
from SW Tur key and Cy prus up to Pa ki stan and In dia; Benda et 
al., 2011) and the only mem ber of Megachiroptera found in Eu -

rope (is land of Kastellorizo, Dodecanese, Greece; Strachinis et
al., 2018). The pres ence of this rep re sen ta tive of the Ptero -
podidae in the lower Mio cene of Bełchatów (the world’s north -
ern most fos sil site of Megachiroptera) in di cates a warm, sub -
trop i cal cli mate and the pres ence of for est (ar bo real) veg e ta -
tion, as Rousettus aegyptiacus com pletely de pends on the
avail abil ity of fresh parts of plants (mainly fruits, also leaves and
pol len are eaten) dur ing the en tire year (Korine et al., 1996;
Rzebik-Kowalska and Kowalski, 2001). To gether with the re -
mains of the Pteropodidae bat, skel e tons of the fresh wa ter fish
Esox sibiricus Sytchevskaya were found (Kovalchuk et al.,
2020). This spe cies of fos sil pike is con sid ered thermophilic
(Kovalchuk et al., 2020). From the above data it can be con -
cluded that the early Mio cene veg e ta tion re flected in the
KRAM-P 211/214 plant as sem blage of the Bełchatów Mine de -
vel oped in a sub trop i cal and hu mid cli mate with mild win ters.
Ev er green or at least semi-ev er green for est com mu ni ties grew
along the an cient shores of the lake and on the slopes of the
Me so zoic calcareus rocks sur round ing the lake. 

The re sults of palaeo eco logi cal stud ies of the lower Mio -
cene plant as so ci a tion from Bełchatów are con sis tent with the
data on the veg e ta tion of the early Mio cene of Cen tral Eu rope.
In the later Burdigalian, tem per a ture in creased and the suc -
ceed ing warm time span per sisted through the ear lier part of the 
Serravallian and cor re sponds to the Mid-Mio cene Cli ma tic Op ti -
mum (MMCO, ~17–15 My), that is glob ally ob served (Zachos et 
al., 2001; Mosbrugger et al., 2005). A sim i lar trend is also ob -
served in cen tral and north west ern Eu rope (Bruch et al., 2007;
Utescher et al., 2021). In north west Ger many, from the lat est
Burdigalian to the Serravallian, a MAT of 18.3°C was ob tained
from microfloras when av er ag ing means ob tained from all sam -
ples (Utescher et al., 2012). This value is close to the macro -
flora-based tem per a ture ranges (17.8–19.6°C) from Ger many
(Utescher et al., 2012). De pos its of this warm phase, with a
near-sub trop i cal cli mate, are also known from the Pol ish Low -
lands, par tic u larly from its west ern part (Piwocki and
Ziembińska -Tworzydło, 1997). 

For com par i son, in the late Serravalian or Tortonian (lat est
mid dle Mio cene and late Mio cene) leaf as sem blages from the
Bełchatów Lig nite Mine (KRAM-P 218 and KRAM-P 225)
yielded a MAT range es ti mated at 13.5–16.5°C (Worobiec and
Szynkiewicz, 2016; Worobiec and Worobiec, 2019). Thermo -
phillous plant macroremain taxa (such as Daphnogene,
Laurophyllum, and Tetraclinis) in the Bełchatów de pos its from
this pe riod mostly dis ap peared. The pres ent-day cli mate of the
Łódź and Piotrków Trybunalski area, ad ja cent to the Bełchatów
lig nite de posit, is char ac ter ized as “warm and tem per ate” (Cfb)
and the mean an nual tem per a ture av er ages 9.0–9.1°C (Cli -
mate-Data, 2021).

CONCLUSIONS

In the palynological anal y sis of eight sam ples from the lower 
Mio cene Bełchatów KRAM-P 211/214 col lec tion of plant
macro remains 118 fos sil-spe cies of sporomorphs (in clud ing 11
spe cies of plant spores, 25 spe cies of gym no sperm pol len, and
82 spe cies of an gio sperm pol len) were iden ti fied. Non-pol len
palynomorphs (NPP) are rep re sented mainly by fresh wa ter al -
gae and some fun gal palynomorphs (spores and sporo carps).
The palynological (spore-pol len and NPP) anal y sis in di cates
the pres ence of a mod er ately large and deep lake. Green al gae
(Pediastrum, Tetraedron and some Botryococcus) and fresh -
wa ter peridinoid dinoflagellates were ma jor com po nents of the
al gal com mu nity. Potamogeton, Stratiotes and pos si bly Hydro -
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charitaceae or Ceratophyllum were among the macrophytes.
Along the mar gin of the lake Typha and/or Sparganium as well
as mem bers of the Cyperaceae fam ily grew.

The pres ence of lac us trine lime stone de pos its and the com -
po si tion of the al gal as so ci a tion in di cate a de po si tion en vi ron -
ment in al ka line wa ter con di tions. The abun dance of py rite in
the de pos its stud ied sug gests that or ganic mat ter deg ra da tion
most prob a bly oc curred un der pre dom i nantly an aer o bic con di -
tions. Those con di tions fa voured the pres er va tion of fau nal re -
mains (bones, teeth). The same lake was the source of pre vi -
ously iden ti fied fresh wa ter fishes, molluscs, and mam mals, in -
clud ing a Megachiroptera bat. 

The lake was sur rounded by wet land veg e ta tion (in clud ing
swamp for ests with Glyptostrobus, Taxodium, Nyssa and
Osmunda) and up land mesophytic for ests, with a sig nif i cant
share of thermophilous plants (Glyptostrobus, Tetraclinis,
Daphnogene, Laurophyllum, Smi lax as well as mem bers of the
Arecaceae, Mastixiaceae, Meliaceae and Sapotaceae fam i -
lies). Ev er green or at least semi-ev er green for est com mu ni ties

grew along the an cient shores of the lake and on the slopes of
the calcareus rocks sur round ing the lake.

The re sults of the palynological anal y sis and pre vi ous stud -
ies of plant macroremains in di cate that the cli mate was sub trop -
i cal and hu mid. Sim i lar con clu sions about the cli mate can be
drawn from the pre vi ously found epi phyl lous anamorphic fun -
gus Neomycoleptodiscus pertusus, the fos sil pike Esox
sibiricus, the ter res trial snail Pomatias bisulcatum and the
Megachiroptera bat. The mean an nual tem per a ture (MAT), es -
ti mated from plant taxa, based on the Co ex is tence Ap proach
(CA) method, was 16.8–17.8°C.
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APPENDIX 1

The mean an nual tem per a ture (MAT) re con struc tion for the KRAM-P 214 flora, based
on the Co ex is tence Ap proach (CA) method (Utescher et al., 2014). The near est liv ing

rel a tives and their MAT ranges fol low The Palaeoflora Da ta base 
(Utescher and Mosbrugger, 2015)

Fos sil taxa Near est Liv ing Rel a tives MAT range
[oC]

Cathayapollis spp. Cathaya  13.4–18.0 

Keteleeriapollenites dubius Keteleeria 12.8–23.2

Piceapollis sp. Picea –8.9–21.7

Aceripollenites spp. Acer –1.1–24.0

Alnipollenites spp. Alnus –13.3–27.4 

Carpinipites carpinoides Carpinus  0.0–25.8 

Caryapollenites sim plex Carya  4.4–26.6

Celtipollenites sp. Celtis  2.5–25.8 

Cercidiphyllites minimireticulatus Cercidiphyllum 2.2–17.8

Cornaceaepollis satzveyensis Mastixia  15.7–27.8 

Corylopsispollenites microreticulatus Corylopsis  9.1–25.5

Cyrillaceaepollenites spp.
Cyrilla  13.6–23.9

Clethra  7.4–27.7

Edmundipollis edmundi Diplopanax 16.8–22.2

Faguspollenites spp. Fagus  4.4–23.1 

Fraxinipollis spp. Fraxinus  0.0–24.0 

Ilexpollenites spp. Ilex –0.4–27.7

Nyssapollenites sp. Nyssa  4.4–23.9

Nyssoidites rodderensis Nyssa  4.4–23.9

Periporopollenites stigmosus Liquid ambar  11.5–25.5

Platanipollis ipelensis Platanus 6.6–27.4

Platycaryapollenites sp. Platycarya 6.9–23.1

Polyatriopollenites stellatus Pterocarya  3.9–24.2

Quercoidites henricii Quercus (ev er green)  8.7–22.1 

Quercopollenites spp. Quercus (de cid u ous) –1.4–27.0 

Salixipollenites sp. Salix –17.0–27.7

Spinulaepollis arceuthobioides Arceuthobium –5.5–27.7 

Symplocoipollenites spp. Symplocos  4.5–27.7 

Trivestibulopollenites betuloides Betula –15.0–25.8

Ulmipollenites spp. Ulmus –4.9–26.6

Vitispollenites tener Vitis  0.0–27.4 

Zelkovaepollenites sp. Zelkova  6.2–21.9 

Osmunda parschlugiana* Osmunda regalis 6.2–25.8

Glyptostrobus europeus* Glyptostrobus lineatus  9.1–25.0

Taxodium dubium* Taxodium sp.  13.3–25.0

Tetraclinis salicornoides* Tetraclinis articulata 15.6–19.9

Acer tricuspidatum* Acer Sectio Rubra  3.4–23.9

Acer sp.* Acer –1.1–24.0

Alnus julianiformis* Alnus trabeculosa, 
Alnus ja pon ica 6.2–22.1

Liquid ambar sp.* Liquid ambar  11.5–25.5

Myrica lignitum* Myrica –8.9–28.1

Nyssa ornithobroma* Nyssa sinensis 15.3–23.9

Populus sp.* Populus –16–21.3

Quercus rhenana* Quercus imbricaria, 
Quercus laurifolia 3.3–25.0

Pterocarya paradisiaca* Pterocarya fraxinifolia 8.1–18.1

Ulmus sp.* Ulmus –4.9–26.6

* – macroremains; co ex is tence in ter val: 16.8–17.8°C; bor der ing taxa: 16.8–22.2°C –

Edmundipollis edmundi; 2.2–17.8°C – Cercidiphyllites minimireticulatus; no out li ers


