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Palynological anal y sis of the Tomis³awice opencast mine de pos its has al lowed re con struc tion of the plant com mu ni ties and
in ves ti ga tion of the evo lu tion of sed i men tary en vi ron ments at var i ous stages of lig nite-form ing marsh de vel op ment, re corded 
in the com po si tion of pol len as sem blages from de pos its of the 1st Mid-Pol ish lig nite seam (MPLS-1). Rich pol len com mu ni -
ties from an ~9 m thick sec tion has en abled study of the suc ces sion of plant com mu ni ties and of the evo lu tion of phytogenic
sed i men ta tion. The pol len suc ces sion in di cates that the as sem blages in the whole lig nite seam rep re sent the VIII
Celtipollenites verus pol len Zone. Slight dif fer ences in the com po si tion of the com mu ni ties re flect dif fer ent stages of ba sin
de vel op ment, de pend ing more on the vari able wa ter dy nam ics than on cli ma tic os cil la tions. Lig nite of the MPLS-1 de vel oped 
in a con ti nen tal re gime on al lu vial plains. Changes in the suc ces sion of plant com mu ni ties in the Tomis³awice sec tion re cord
flood ing-drain age cy cles caused by ground wa ter level os cil la tions. Peat bog ac cu mu la tion took place in river bas ins, in
which the lack of siliciclastic in ter ca la tions within the mas sive lig nite seams points to weak flu vial dy nam ics. A rise in ground -
wa ter level and/or sur face wa ter re sulted in flood ing of the marshes and the for ma tion of an ex ten sive shal low lake ba sin, as
shown by the pres ence of fresh wa ter al gae and pol len of aquatic plants. The sec tion as a whole does not re cord an in creased 
con tri bu tion of thermophilic plant taxa. The flora was gen er ally dom i nated by warm-tem per ate and thermophilic spe cies,
with out the par tic i pa tion of strongly thermophilic veg e ta tion, which in di cates that the lig nite seam in the Tomis³awice
opencast mine was formed in the gen er ally sta ble con di tions of a warm tem per ate cli mate.

Key words: palynology, lig nite seam, plant com mu ni ties, palaeobotanical re con struc tion, Neo gene, cen tral Po land.

INTRODUCTION

The palynological stud ies of the 1st Mid-Pol ish lig nite seam
(MPLS-1) in the Tomis³awice opencast mine de scribed herein
are a con tin u a tion of mul ti fac eted re search con ducted in re cent
years within the Konin lig nite-form ing sed i men tary ba sin
(Widera, 2016, 2020; Widera et al., 2017a, 2021a, b; Chomiak,
2020a; S³odkowska and Widera, 2021, Worobiec et al., 2021,
2022). Tomis³awice is one of many opencast mines in the Konin 
lig nite ba sin (cen tral Po land; Fig. 1). The ex ploited MPLS-1 ac -
cu mu lated in the later part of the Mid dle Mio cene. It rep re sents
the last sig nif i cant seam in the Mio cene lig nite-form ing cy cle
and con sti tutes a clear, ex ten sive cor re la tion level in the Pol ish
Low lands (Worobiec et al., 2021, 2022; S³odkowska and
Widera, 2021). In the vi cin ity of Konin town, the seam is fully de -
vel oped with a thick ness of up to 20 m. Ac cord ing to palyno -
logical data, dur ing the for ma tion of the MPLS-1 de pos its, the
cli mate was warm-tem per ate, with high hu mid ity, fa vor able for
the de vel op ment of ex ten sive marshes, as shown by the wide

lat eral ex tent of ths seam. The seam is dom i nated by lithotypes
of lig nite which in di cate var i ous sub-en vi ron ments rep re sent ing
dif fer ent types of marsh (Widera, 2016; Widera et al., 2021a).
De tailed data on the re search con ducted on MPLS-1 in the Pol -
ish Low lands was pub lished by S³odkowska and Widera (2021).

The gen er ally sta ble con di tions of phytogenic sed i men ta -
tion were dis turbed by brief ep i sodes when siliciclastic ma te rial
was fed to the ba sin. Be tween the com pact lig nite seams there
are sandy laminae and thin beds up to 2 cm thick sep a rat ing dif -
fer ent petrographic types of lig nite. Ep i sodes of sandy sed i men -
ta tion were re lated to ba sin dy nam ics and to rapid sub si dence
of the sed i men tary sur face (Kasiñski and S³odkowska, 2016),
and above all to ex ter nal fac tors such as fre quent floods
(Widera, 2016, 2020; Widera et al., 2017a; Chomiak, 2020a;
Chomiak et al., 2020). In creased in flux of terrigenous ma te rial is 
re lated to changes in the flu vial en vi ron ment, as wa ter level os -
cil la tions re corded in the fa cies suc ces sion from swamps to
lakes (Cho miak et al., 2020; Widera et al., 2021a).

Due to the eco nomic im por tance of the Konin lig nite de pos -
its, geo log i cal stud ies of the area be gan in the 20th cen tury
(Ciuk, 1980; Piasecki, 1999). Palynological stud ies of the lig nite
had been ear lier made (Kremp, 1949; Mamczar, 1960a, b; Ciuk
and Grabowska, 1991; Sadowska and Gi¿a, 1991). In re cent
years, there have been sev eral geo log i cal and palynological
stud ies of the lig nites in the Konin Ba sin (S³odkowska and
Paruch-Kulczycka, 2008; Kasiñski et al., 2010; Widera, 2007,
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2020; Widera et al., 2021a, b; S³odkowska and Widera, 2021;
Worobiec et al., 2021, 2022). The pres ent pa per con trib utes to
a more de tailed un der stand ing of the geo log i cal struc ture, of
the de vel op ment of plant palaeocommunities, and of fa cies
changes as so ci ated with the lig nite-form ing pro cesses. It also
fo cuses on how cli mate changes had sig nif i cant im pact on
these pro cesses.

GEOLOGICAL SETTING

The Tomis³awice lig nite opencast mine is lo cated ~25–30 km 
to the north-east of the town of Konin in cen tral Po land, and the
sec tion in ves ti gated in de tail has the fol low ing geo graphic co or di -
nates: 52°27’29.9’’N and 18°31’11.1’’E (Fig. 1). In the study area, 
the sub-Ce no zoic bed rock is com posed of Up per Cre ta ceous
marls (Dadlez et al., 2000). The only Paleo gene strata are of
early Oligocene age, con sist ing mainly of ma rine glauconitic
sands (Widera, 2021). The Neo gene en com passes two main
lithostratigraphic units. The lower KoŸmin For ma tion, de pos ited
from the early to the mid dle Mio cene, is pre dom i nantly built of
sands with coaly in ter ca la tions. The up per Poznañ For ma tion,
which is mid dle Mio cene to early Plio cene in age, is sub di vided
into two lithostratigraphic units: the Grey Clays and the Wielko -
polska Mem ber (Maciaszek et al., 2020; Fig. 2).

The lig nite seam ex am ined in this study be longs to the first
Mid-Pol ish group and is re ferred to as the first Mid-Pol ish lig nite
seam – MPLS-1 (Piwocki and Ziembiñska-Tworzyd³o, 1997;
Kasiñski and S³odkowska, 2016; Widera, 2021) or the Konin

seam (Sadowska and Gi¿a, 1991). The MPLS-1 is 6.9 m thick
on av er age (3–12 m) and spans al most the en tire Grey Clays
Mem ber in the Tomis³awice opencast mine (Widera, 2021). The 
ac cu mu la tion of this lig nite seam started dur ing the last peak of
the Mio cene Cli ma tic Op ti mum (MCO) and con tin ued as the cli -
mate started to cool (Kasiñski and S³odkowska, 2016; Bechtel
et al., 2019, 2020; Worobiec et al., 2021, 2022; S³odkowska and 
Widera, 2021), i.e., at ~15–14.3 Ma (Widera et al., 2021a, b).

The sec tion stud ied (9.2 m thick) of the MPLS-1, with the
sam pling points shown, in cludes three mac ro scopic clastic
interbeds (Fig. 2). These sandy-silty lay ers are in ter preted as
be ing typ i cal of cre vasse splays (Widera, 2016, 2020; Widera et 
al., 2017a; Chomiak, 2020a), while the clayey beds cor re spond
to de po si tion in a lake that ex isted in the mire area, i.e., in the
overbank zone of the flu vial plain of a mid-Mio cene flu vial sys -
tem (Chomiak et al., 2020; Widera et al., 2021b). The MPLS-1
at Tomis³awice mine is char ac ter ized by an av er age ash yield at 
<20 wt.% and a low av er age sul phur con tent at <1.2 wt.%
(Bechtel et al., 2019, 2020). The siliciclastic interbeds may dou -
ble the ash con tent in some parts of the MPLS-1 (Chomiak,
2020b). Based on the reflectance co ef fi cient (Ro <0.3%) and
car bon con tent (60<Cdaf<70%), the lig nite stud ied should be
clas si fied as humic and low-rank B or ortho-lig nite (Kwieciñska
and Wag ner, 2001).

On top of the MPLS-1 (» the top of the Grey Clays Mem ber)
rests the Wielkopolska Mem ber, which is late mid dle Mio cene
to early Plio cene in age. It is pre dom i nantly com posed of
overbank muds with palaeosoil ho ri zons (>95 vol.%), as well as
chan nel-fill sands and muds (<5 vol.%). These fine-grained de -
pos its rep re sent a late Neo gene flu vial sys tem, i.e., anasto -
mosing (e.g., Widera et al., 2017b, 2019) or tran si tional anasto -
mosing-to-me an der ing (Zieliñski and Widera, 2020; Kêdzior et
al., 2021). The Neo gene suc ces sion is capped by glaciogenic
Qua ter nary de pos its such as gla cial tills, grav els, sands and
muds.

MATERIAL AND METHODS

Thirty-five sam ples from the wall of the Tomis³awice open -
cast mine were ana lysed paly no logi cal ly. Sam ples were col -
lected from a 9 m sec tion in the wall of the open pit at ~25 cm in -
ter vals. Var i ous lig nite lithotypes char ac ter ized by dif fer ent
struc tu res and tex tures oc cur in the sec tion ana lysed (Fig. 2).
Mas sive detritic lig nite (DLm, sam ples 1–4) is pres ent in the
basal part of the wall, fol lowed by mas sive, frac tured xylodetritic
lig nite [XDLm (fr), sam ples 5–14], detroxylitic lig nite (XDLm,
sam ples 15–18), mas sive xyldetritic lig nite (XDLm, sam ples
19–23), mas sive detritic lig nite (DLm, sam ples 24–29) and, in
the up per most part, hor i zon tally lam i nated xylodetritic lig nite
(XDLh, sam ples 30–35). Sam ples for palynological re search
were taken from all lig nite lithotypes. Be tween the lig nite lay ers
at 56.6 and 58.0 m a.s.l. there were two 2 cm thick beds of very
fine sands, which were not sam pled for palynological anal y sis.

The lig nite sam ples ana lysed were pro cessed in the lab o ra -
tory us ing stan dard palynological mac er a tion meth ods (Fegri
and Iversen, 1978). HCl was used to elim i nate car bon ates, then 
KOH was ap plied to re move humic com pounds. The or ganic
and min eral frac tions were sep a rated by den sity sep a ra tion us -
ing ZnCl2 with a den sity of 2.21 g/cm3. Fi nally, cel lu lose was re -
moved by acetolysis ac cord ing to Erdtman (1954). From the
mac er ates ob tained us ing this pro ce dure, mi cro scope prep a ra -
tions with di men sions of 20 x 20 mm were made, and ana lysed
un der the ARISTOPLAN bi o log i cal mi cro scope at 400x and
640x mag ni fi ca tions. The en tire palynological mat ter – palyno -
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morphs (sporomorphs) and phytoclasts (frag ments of wood,
cuticule) – was ana lysed in the mi cro scopic slides. The abun -
dance and pres er va tion of sporomorphs within the sec tion were 
sat is fac tory with only a few sam ples show ing slight de ple tion of
the as sem blage. Pol len spores and grains were de ter mined us -
ing mor pho log i cal sys tem at ics re lated, wher ever pos si ble, to
the bo tan i cal af fin ity of the taxa (Stuchlik et al., 2001, 2002,
2009, 2014). A to tal of 122 spore and pol len grains and phyto -

plankton taxa, with 14 taxa of spores, 13 taxa of gym no sperms,
89 taxa of an gio sperms and 6 taxa of phytoplankton were de ter -
mined (Ap pen dix 1). The pres ence of phytoclasts was also re -
corded. The con tri bu tion con tent of the more im por tant sporo -
morphs is shown in the pol len di a gram (Fig. 3). The Neo gene
pol len-spore zones were cor re lated with the palynological
scheme for Po land (Piwocki and Ziembiñska-Tworzyd³o, 1997). 
The fos sil pol len taxa dis tin guished in the Tomis³awice open -
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-cast lig nite mine were com pared to their re spec tive con tem po -
rary, bo tan i cal taxa (Ap pen dix 2). The fol low ing palaeo floral 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) taxa (Planderova et al., 1993; Ziembiñska-Tworzyd³o et
al., 1994; Stuchlik et al., 2001, 2002, 2009, 2014). 

RESULTS

Sam ples ana lysed in the >9 m thick lig nite sec tion in the
Tomis³awice opencast mine rep re sent the same palyno strati -
graphic in ter val char ac ter is tic of the first mid-Pol ish lig nite seam 
(MPLS-1), cor re lated with the VIII Celtipollenites verus Zone
(mid dle Mio cene-Langhian; Piwocki and Ziembiñska- Two rzyd³o,
1997; S³odkowska, 1998; Ziembiñska-Tworzyd³o, 1998). Rich pol -
len com mu ni ties al low to fol low the suc ces sion of plant com mu ni -
ties and the de vel op ment of phytogenic sed i men ta tion in de tail
(Ap pen di ces 1 and 2). 

Dif fer ences in the com po si tion and per cent age of pol len
taxa in the sam ples in di cate dif fer ent stages in the de vel op ment 
of the sed i men tary ba sin, re lated mainly to slight changes in the 
ground wa ter ta ble. Wa ter dy nam ics had a smaller im pact be -
cause ma jor breaks caused by in creased flow and in flux of min -
eral ma te rial were not ob served in the phytogenic suc ces sion.
As in di cated by anal y sis of the pol len di a gram (Fig. 3), the com -
po si tion of the pol len as sem blages was less in flu enced by
changes in the am bi ent tem per a ture than by changes in hu mid -
ity. The pol len came from peat-form ing hab i tats and from for -
ests cov er ing the area out side the mire. Com mu ni ties of wa ter
plants, moss and rush veg e ta tion, swamp for est and, to a lesser 
ex tent, shrub bog, are im por tant for peat for ma tion. They gen -
er ally rep re sent azonal veg e ta tion, re act ing weakly to ther mal
changes. Due to the sim i lar sed i men tary con di tions of the peat
de pos its, the peat-form ing com mu ni ties re corded in the en tire
sec tion had a sim i lar flo ral com po si tion due to the sim i lar sed i -
men tary con di tions. In the mixed mesophilous for ests grow ing
on the mar gins of the sed i men tary ba sin, the con tent of thermo -
philic el e ments in di cat ing cli mate change was con stant in the
sec tion ana lysed, thus in di cat ing a sta ble cli mate.

In the en tire Tomis³awice sec tion (Fig. 3), spores of bryo -
phytes and ferns were dom i nated by a large con tri bu tion (rea -
ch ing up to 30% in some sam ples) of spores of peat mosses
(Sphagnaceae), with the ex tinct spe cies Distanco raesporis
anco ris, D. germanicus, Stereisporites (Distancoraes poris)
reuther ber gensis, Stereisporites sp., S. cyclus, S. involutus, S.
macroides, S. mi nor, S. stereoides and S. validus. There were
only few spe cies of ferns from the Polypodiaceae and Osmun -
daceae fam i lies. Pol len grains of gym no sperms were rep re sented
by the pol len of up land for est trees: Pinuspollenites up to 28.4%,
Sciadopityspollenites up to 21.3%, and Sequoiapollenites up to
12.1%. Among co nif er ous trees, pol len of trees from swamp for -
ests, i.e. Inaperturopollenites dubius, reached 8.5% and I. conce -
dipites had a lower con tri bu tion of up to 2.7%. The pol len as sem -
blage of an gio sperms was char ac ter ized by high fre quency and
tax o nomic di ver sity, with abun dant pol len of: Nyssapollenites up to 
35.6%, Tricolporopollenites pseudocingulum up to 22.1%, Erici -
pites in to tal up to 20.9%, Quercopollenites granulatus up to
19.5%, Q. rubroides up to 16.8%, Ilex in to tal up to 7.6%. Pol len of
the thermophilous fos sil spe cies oc curred reg u larly, but in small
amounts, not ex ceed ing 1.5%: Araliaceoipollenites (4 spe cies)
and Cornaceaepollenites satzveyensis, Cupuliferoipollenites
pusillus, C. oviformis, Cyrilla ceaepollenites brühliosis, Edmun -
dipollis edmundi, Platycary apollenites sp., Quercoidites henrici,

Quercoidites microhenrici, Reevesiapollis triangulus, Tricolporo -
pollenites dolium, T. fallax, T. liblarensis, T. mangiferoides, T.
staresedloensis and T. theaco ides. Thermophilous taxa did not
reach larger con cen tra tions in any sam ple from the ex po sure. The
max i mum val ues were achie ved by T. dolium, at 10.8% in one
sam ple. The share of pol len of thermophilous plants from the
mixed mesophilous for est did not change in the sub se quent in ter -
vals of the sec tion. In the Tomis³a wice sec tion, no sig nal in di cat ing
greater cli mate changes was re corded.

When an a lysing the con tri bu tion of in di vid ual taxa in sub se -
quent parts of the sec tion, at ten tion should be drawn to the
com po si tion of sporomorph com mu ni ties, their fre quency and
share of phytoclasts. All these el e ments in di cate the chang ing
dom i nant plant com mu ni ties in the Tomis³awice opencast sec -
tion.

The old est pol len com mu nity ob served in sam ples 1–11
(Figs. 3 and 4) was de scribed from mas sive detritic lig nite
(DLm) and in the lower part of the xylodetritic frac tured lig nite
[XDLm (fr)]. This is dom i nated by swamp for est com po nents
with abun dant Nyssapollenites. Pol len of shrub bogs – Ericipites
ericius, E. callidus, E. roboreus, Cyrillaceaepollenites and Ilex -
pollenites have a large con tri bu tion. Pol len of mesophilous for ests
with Tricolporopollenites pseudocingulum, Faguspollenites and
Quercoidites henrici is con stant but not very nu mer ous. The re -
main ing com po nents of the com mu nity are pol len of a Pinus -
pollenites co nif er ous for est.

The higher part of the sec tion (sam ples 12–25) con tains a
fairly uni form pol len com mu nity and is com posed of sev eral
lithotypes of lig nite: xylodetritic frac tured [XDLm (fr)], detroxylitic 
mas sive (DXLm), xylodetritic (XDLm) and mas sive detritic
(DLm). An im por tant role is played by the as sem blage of shrubs 
with the dom i nant pol len of Ericipites ericius, E. callidus and E.
roboreus. Nu mer ous spores of Stereisporites and Distanco raes -
poris spores were seen. Nyssapollenites pol len is the dom i nant el -
e ment in the swamp for est but is less nu mer ous than in the older
as sem blage ex cept for sam ples 13 and 20. Alnipollenites verus,
Inaperturopollenites concedipites and I. dubius pol len have a small 
con tri bu tion in this still im por tant com mu nity. In the com mu nity
char ac ter is tic of mesophilous for est there oc curs Tricolpo -
ropollenites pseudocingulum and T. dolium pol len, ob served in the 
lower part (sam ples 13–15). The thermophilous taxa that ap -
peared in this part in clude Araliaceoipollenites euphorii,
Cupuliferoipollenites oviformis and C. pusillus. Pol len of Querco -
pollenites sp., Q. asper and Faguspollenites was also pres ent in
the mesophilous for est com mu nity. The con tent of pol len ri par ian
for est trees with Fraxinipollis was no tice able. At the bound ary of
lig nite lithotypes be tween sam ples 14 and 15, as well as be tween
24 and 25, there oc curred 2 cm thick laminae of very fine-grained
sand; their pres ence (as breaks in peat sed i men ta tion) did not
cause any sig nif i cant changes in the pol len re cord. 

The youn gest part of the pol len suc ces sion oc curs in mas -
sive detritic (DLm) and xylodetritic lig nite with a hor i zon tal struc -
ture (XDLh, sam ples 26–35); this clearly dif fers from the two
older as sem blages. The im por tance of swamp for est and shrub
thicket com mu ni ties de creased. The trees of mesophilous for -
ests with Quercopollenites granulatus, Q. ruburoides and Fagus -
pollenites had the larg est con tri bu tion. Dur ing the for ma tion of
xylodetritic lig nite, phytogenic sed i men ta tion ceased, which re -
sulted in the sep a ra tion (be tween sam ples 31 and 32) of this lig nite 
lithotype by a 15 cm thick layer of grey clay. This ep i sode is re -
flected in the com po si tion of the palynomorph suc ces sion in sam -
ple 32 (from the lower part of the up per xylodetritic lig nite with a
hor i zon tal struc ture). In this as sem blage there oc curred the wa ter
plants Potamogetonacidites, Sparganiaceaepollenites, Sporotra -
poidites and Nelumbopollenites, as well as zy go spores from the
green al gae Zygnemataceae fam ily, in clud ing Spi ro gy ra (ex tinct
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spe cies Ovoidites elongatus, O. grandis, O. ligneolus and O.
spriggii), while some spec i mens most prob a bly re lated to des mid
zy go spores (Planctonites stellarius) played the main role. In ad di -
tion, sin gle spec i mens of Sigmopollis pseudosetarius and
Pediastrum boryanum, as well as some leaf-spines of plants with
sub merged leaves, have been ob served. At the same time, no
pol len at trib uted to shrubs and swamp for ests was re corded.
Above this sam ple, the pol len spec trum (sam ples 33–35) was
sim i lar to that of sam ple 32 oc cur ring be low, with the pol len of
mesophilous for est trees with Quercopollenites granulatus, Q.
ruburoides and Faguspollenites of great est im por tance. The sig -
nif i cance of the swamp for est com mu nity with Nyssapollenites
and Alnipollenites verus, as well as shrub thick ets and the con tri -
bu tion of Stereisporites spores, in creased at that time.

INTERPRETATION AND DISCUSSION

The re sults ob tained al low us to re con struct the de vel op -
ment and suc ces sion of plant com mu ni ties dur ing the ac cu mu -
la tion of the >9 m thick lig nite seam. Dur ing the for ma tion of this
seam, the tem per a ture and hu mid ity lev els were fa vour able for
the ac cu mu la tion of a huge mass of plant mat ter. Anal y sis of
the changes in the com po si tion of pol len as sem blages shows

that the key fac tor in the trans for ma tion of the dom i nant plant
com mu ni ties was changes in the soil mois ture, man i fested by
fluc tu a tions of the ground wa ter level.

In the old est part of the sec tion (sam ples 1–11), taxa in dic a -
tive of swamp for est and shrub bog thick ets dom i nate, with
slight dif fer ences in pol len spec tra be tween in di vid ual sam ples
caused by hu mid ity fluc tu a tions, as re corded by the de ple tion of 
pol len as sem blages in some sam ples (sam ples 10 and 11) and
de crease in the share of mesophilous for est com po nents, when 
a large role in the com po si tion of palynological mat ter was
played by abun dant phytoclasts. The most nu mer ous com po -
nents of these com mu ni ties were Nyssa and Ericaceae. The
ground wa ter level was high enough for the peat-form ing plant
com mu ni ties to per sist for a rel a tively long time.

The mire was grad u ally drained and the mesophilous for est
en croached upon it (sam ples 13–15), as re corded by an in -
creased con tri bu tion of mesophilous for est pol len – i.e. the ex -
tinct spe cies Tricolporopollenites pseudocingulum and T.
dolium, as well as the pres ence of pol len taxa of plants with
higher ther mal re quire ments from the Castaneoideae subfamily 
and Araliaceae fam ily. How ever, the dom i nant role in this as -
sem blage was still played by pol len of shrub bog thick ets and a
slightly smaller role by the swamp for est. 

Higher in the sec tion, the con tri bu tion of pol len of meso -
philous for est de creases (sam ples 16–22), the soil mois ture in -
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Fig. 4. The com po nents of the plant as sem blages and the dom i nant plant com mu ni ties,
with palaeoenvironmental re con struc tion, in the Tomis³awice opencast lig nite mine

Ex pla na tion as in Fig ure 2



creases and the peat-form ing com mu ni ties of the swamp for est
and pol len of shrub bog dom i nate again. Rep re sen ta tives of the 
Sphagnaceae have a sig nif i cant con tri bu tion. To wards the top
of the sec tion (sam ples 23 and 25), pol len spec tra be come
poorer and phytoclasts clearly dom i nate. A brief ep i sode of
drain age and in creased im por tance of the mesophilous for est
com mu nity (sam ple 24) is re corded by high abun dance and
spe cies di ver sity.

In the basal part of the next seg ment of the sec tion (sam ple
26), the ground wa ter level was again higher and the peat bog
com mu nity with Sphagnaceae peat moss was once more dom i -
nant. Sta ble con di tions pre vailed above (sam ples 27–31), fa -
vour ing the de vel op ment of mixed mesophilous for ests with
rep re sen ta tives of the Fagaceae fam ily, the Fagoidae and
Quercioidae subfamilies, and co nif er ous for ests with Pinus,
Sciadopitys and Se quoia. A brief ep i sode re lated to the de vel -
op ment of open lake sed i men ta tion was re corded (sam ple 32)
by the pres ence of pol len of aquatic plants (microremains of fil -
a men tous green al gae from the Zygnemataceae fam ily and the
ex tinct spe cies Sigmopollis pseudosetarius), which in di cate the
pres ence of fresh wa ter con di tions: shal low, stag nant or slowly
flow ing, and prob a bly eutrophic wa ters (van Geel and Grenfell,
1996; Worobiec and Szulc, 2010; Worobiec, 2010, 2011, 2014
and lit er a ture cited therein). The pres ence of the plank tonic al -
gae Pediastrum, as well as pol len grains of aquatic plants, such
as Ne lum bo and Trapa, in di cate that ex tended pe riod(s) of
stand ing wa ter oc curred. More over, the pres ence of leaf-spines 
of plants with sub merged leaves also points to the oc cur rence
of sub merged (en tirely un der wa ter) aquatic plants, such as the
Alismataceae, Hydrocharitaceae or Ceratophyllum.

The top most part of the sec tion is ter mi nated by a meso -
philous for est with Quercoidae and Fagoidae (sam ples 33–35),
which still play an im por tant role in this com mu nity. The in -
crease in hu mid ity and en croach ment of a swamp for est with
Taxodiaceae, Nyssa, Alnus, as well as a sig nif i cant con tri bu tion 
of mosses from the Sphagnaceae in di cate  the next stage of
mire for ma tion. 

Re con struc tion of the his tory of veg e ta tion de vel op ment
and its suc ces sion re corded in lig nite of the Tomis³awice open -
cast mine in di cates mire evo lu tion (Fig. 4). In the lower part of
the seam, within detritic and xylodetritic lig nite, an ep i sode of
flood ing of the peat ac cu mu la tion area and the dom i nance of
the Nyssa swamp for est can be ob served. With slight fluc tu a -
tions in wa ter level and slight drain age, shrubs of Ericaceae and 
Ilex en tered the area. The cli mate was sta ble, warm and tem -
per ate. Later, the mire fur ther dried, its lat eral range de creased, 
and the mar gin of the mesophilous for est with traces of
thermophilous veg e ta tion en croached more closely. The area
of the for mer peat bog was once again flooded, but to a lesser
ex tent than pre vi ously. The pres ence of a swamp for est with
shrub plants pre dom i nance and the Ericaceae ap pear ing was
clear. Rep re sen ta tives of Sphag num were quite abun dant in
the peat, in di cat ing the de vel op ment of a raised mire with out
ground wa ter sup ply; this was an ep i sode of fur ther cli max
drain age of the peat bog. A ri par ian for est en tered the mire and
a mesophilous for est was lo cated in close vi cin ity, with trees
char ac ter is tic of a warm tem per ate cli mate; at this stage fur ther
dry ing of the area took place. Peat sed i men ta tion was in ter -
rupted by the ap pear ance of an ex ten sive open lake ba sin, as -
so ci ated with clay de po si tion. The pres ence of aquatic veg e ta -
tion and fresh wa ter al gae re lated with this event is re corded in
xylodetritic lig nite oc cur ring above the clays. Swamp for est veg -
e ta tion was not re corded in this com mu nity while co ni fer pol len
from a far dis tance reached the lake. Lig nite-form ing sed i men -
ta tion in the Tomis³awice opencast mine ter mi nated with a com -
mu nity dom i nated by a swamp for est with a large con tri bu tion of 

Sphag num. This shows that the lake wa ters were shal lower,
and a swamp for est re-en tered the flooded area and then de vel -
oped to the mesophilic mixed for est at the top.

COMPARISON OF THE TOMIS£AWICE
PALYNOFLORA WITH RESULTS FROM PREVIOUS

STUDIES IN THE KONIN LIGNITE BASIN 

The palynological anal y ses of the Tomis³awice sec tion may
be com pared with ear lier stud ies in the Konin re gion, such as
the model palynological sec tion from Gos³awice in which, based 
on a pol len anal y sis of a 5 m thick sec tion from the 1st Mid-Pol -
ish Seam, Mamczar (1960b) de scribed mid dle Mio cene strata.
She dis tin guished three phases of veg e ta tion de vel op ment. At
the base of the seam there is a rich com mu nity of swamp for est
veg e ta tion with Nyssa and Ericaceae, and with the con tri bu tion
of pol len of mesophilous for ests with Tricolporopollenites
pseudocingulum and Edmundipollis. In the mid dle part of the
pro file her ba ceous and swamp plants had a mark edly higher
con tri bu tion, thermophilous plants were not as com mon, while
trees of co nif er ous for ests with Sciadopitys gained sig nif i cance. 
In the up per most part of the seam, she ob served a mo saic ar -
range ment of plant com mu ni ties, in which trees of mixed for -
ests, swamps and shrubs grew in sim i lar num bers. Such inter -
pen etrat ing com mu ni ties char ac ter ize a flu vial set ting with rap -
idly chang ing wa ter lev els. Some sim i lar i ties can be seen with
the cen tral part of the Tomis³awice sec tion (sam ples 13–25).

Ziembiñska-Tworzyd³o (in: Kasiñski et al., 2010) de scribed
a 10 m thick lig nite sec tion from the JóŸwin I open-pit, in which,
on the ba sis of a very rich pol len com mu nity, she re con structed
plant com mu ni ties from highly wa ter-sat u rated to dry up land
for ests and de scribed their nat u ral eco log i cal suc ces sion. The
most im por tant were the swamp for est com mu nity with Taxo -
diaceae-Cupressaceae, Nyssa, and Ericaceae and Cyrillaceae
shrubs. Cer tain anal o gies can be ob served in the basal sam -
ples of the Tomis³awice opencast sec tion (sam ples 1–11) in the
sec tion rep re sent ing swamp for ests and shrub bogs.

A dif fer ent re cord was noted in the JóŸwin IIB sec tion
(S³odkowska and Widera, 2021) in an area of peat ac cu mu la -
tion with var i ous plant com mu ni ties as so ci ated with high soil
mois ture. The pres ence of veg e ta tion sur round ing the lig nite-
 form ing marshes was also clearly vis i ble. In this fairly uni form
as sem blage of microflora, a clear cyclicity was ob served, with
the nat u ral suc ces sion of plant com mu ni ties re peated three
times. At the be gin ning of each cy cle, in the depositional zone of 
the peat-form ing ba sin, there was a high pro por tion of pol len
from mixed mesophilous for est plants grow ing in dry and mod -
er ately moist ar eas lo cated far from the mire. Var ied for ests with 
de cid u ous trees as well as ev er green for ests oc curred, among
which fam i lies and gen era with high ther mal re quire ments had a 
sig nif i cant con tri bu tion. The veg e ta tion of these for ests reg is -
ters cli mate change, mainly tem per a ture fluc tu a tions.

Changes in the con tri bu tion of thermophilous com po nents
were not reg is tered in the Tomis³awice sec tion, where the share 
of these el e ments was small and con stant. Dur ing the ex is tence 
of this peat-form ing ba sin, cli mate os cil la tions were in sig nif i -
cant. Tak ing into ac count the dis tance of this sec tion from the
opencast mines of JóŸwin IIB, this is jus ti fied by the flu vial re -
gime, as the peat bogs in the JóŸwin IIB (P¹tnów IV) area de vel -
oped in a zone with me an der ing river en vi ron ments, while at
Tomis³awice peat ac cu mu la tion took place in a zone of anasto -
mosing or me an der ing river set tings (Widera et al., 2021a).

The 3 m-thick palynological suc ces sion from the wall of the
Adamów opencast mine shows lit tle vari abil ity both in terms of
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changes in the con tri bu tion of thermophilous el e ments and in
fluc tu a tions of the hy dro log i cal con di tions (Worobiec et al.,
2021). Rep re sen ta tives of the Ericaceae, Cyrillaceae and
Clethra ceae fam i lies, as well as Ilex and Myrica, dom i nate the
en tire sec tion. Based on their pres ence, these shrub com mu ni -
ties were com pared with the pres ent-day pocosin wet land eco -
sys tems which oc cur in the south east ern coastal plain of the
USA (Worobiec et al., 2021). Se quoia pol len also had a rel a -
tively large con tri bu tion, reach ing the high est val ues in the up -
per part of the sec tion. Pol len of thermophilous plants and el e -
ments of a mesophilous for est, Tricolporopollenites pseudo -
cingulum, Quercoidites henrici, and Edmundipollis, was of lit tle
im por tance. Sim i lar i ties can be ob served when com par ing the
Adamów sec tion with the Tomis³awice sec tion. Com po nents of
shrub thick ets with Ericaceae, Ilex and Cyrillaceae, and of the
Nyssa swamp for est, are also quite nu mer ous. How ever, the
con tri bu tion of rep re sen ta tives of the Taxodiaceae fam ily in the
Tomis³awice opencast mine is low. More prom i nent in this sec -
tion is the pres ence of pol len from thermophilous taxa: Tricolpo -
ropollenites pseudocingulum, T. dolium, Quercoidites henrici,
Q. microhenrici, Cupuliferoipollenites oviformis, C. pusillus,
Araliaceae and Edmundipollis. Tak ing into ac count that the
sec tion ana lysed is thicker, the Adamów sec tion can be com -
pared with the lower part of the Tomis³awice sec tion, which was
dom i nated by peat-form ing phytocoenoses com posed of rep re -
sen ta tives of swamp for ests and shrub bogs.

In the Konin area, palynological stud ies of the 1st Mid-Pol ish
lig nite seam were per formed on four bore holes in the P¹tnów IV
field (Sadowska and Gi¿a, 1991). The au thors fo cused on de ter -
min ing the age of the seam and char ac ter iz ing the pre vail ing
veg e ta tion. Dif fer ences in the con tri bu tion of par tic u lar pol len
gen era and fam i lies were re lated to dif fer ent stages of the plant
com mu nity suc ces sion. The most im por tant were trees of
swamp for ests with Taxodiaceae, Cupressaceae and Nyssa. At
the time of the lig nite seam for ma tion, the an cient river val leys
rep re sented wet ar eas that were pe ri od i cally flooded and then
drained, on which shrubs with Cyrillaceae, Ericaceae, and Rosa -
ceae pre dom i nated. Some sim i lar i ties with the Tomis³awice sec -
tion can be ob served, es pe cially in its mid dle part, cor re spond ing 
to the dom i nance of shrub com mu ni ties.

Anal y sis of the palynological sites in the Konin area shows
that dif fer ent stages of the plant com mu ni ties’ suc ces sion were
re corded in pol len di a grams, in di cat ing their vari abil ity and mo -
saic char ac ter. Changes in the com po si tion of plant com mu ni ties 
de pended on chang ing wa ter con di tions, with out any palyno -
stratigraphic sig nif i cance, and an at tempt to or ga nize them chro -
no log i cally is not easy. The larg est num ber of thermophilous
plants was de scribed from the lower part of the Gos³awice sec -
tion, in the P¹tnów sec tions and in the JóŸwin IIB sec tion. The
JóŸwin I and Adamów sec tions show some sim i lar i ties, in di cat ing 
the pres ence of ex ten sive wetlands cov ered by swamp for ests
and shrub bogs. Anal y sis and com par i son of these sites show
that the Tomis³awice sec tion rep re sents the de clin ing ep i sode of
lig nite-form ing de po si tion in the Konin Ba sin, in which mod er -
ately warm-cli mate veg e ta tion had the pre vail ing con tri bu tion,
with a neg li gi ble share of highly heat-lov ing plants. Fre quent wa -
ter-level fluc tu a tions in the sub strate re sulted in a vari able con tri -

bu tion of plant com mu ni ties that pre vailed dur ing the ac cu mu la -
tion of the 1st Mid-Pol ish lig nite seam, that formed syn chro nously 
across ex ten sive river val leys.

CONCLUSIONS

The thick lig nite seam de scribed from the Tomis³awice
opencast mine was formed un der fairly sta ble warm tem per ate
cli mate con di tions. Through the en tire sec tion, the pol len com -
mu ni ties do not re cord an in creased con tri bu tion of plant taxa
with high ther mal re quire ments. The flora was dom i nated by
warm tem per ate and thermophilous spe cies, with out the par tic i -
pa tion of highly heat-lov ing veg e ta tion.

The palynological spec tra do not re cord sig nif i cant cli mate
changes and the ob served dif fer ences in the com po si tion of the
com mu ni ties in di cate fluc tu a tions in the ground wa ter level due
to changes in the base level caused by eustatic os cil la tions.
This caused the wa ter level to fluc tu ate and re sulted in flood -
ing-dry ing cy cles. The rea son for fre quent changes in the suc -
ces sion of plant com mu ni ties in the Tomis³awice sec tion were
fre quent wa ter level os cil la tions in the sub strate.

Cer tain pat terns can be ob served in the suc ces sion of plant
com mu ni ties. Swamp for ests with lit tle drain age trans formed
into shrub bogs, which means that the marsh for est plants were
re placed by peat bog veg e ta tion with Cyrillaceae, Ericaceae,
Ilex and Sphag num. At that time, the mar gin of the mesophilous
for est ap proached the mire, with a dis tinct con tri bu tion of trees of
warm tem per ate cli mate: Quercus, Fagus, Betula, Pinus and
Sciadopitys. This type of plant com mu nity trans for ma tion can be
ob served through out the Tomis³awice sec tion.

Based on the pres ence of fresh wa ter al gae and pol len
grains of aquatic plants in the de pos its, an ep i sode of sed i men -
ta tion in an open, shal low lake was doc u mented. This phe nom -
e non may be as so ci ated with a sig nif i cant rise in the ground- or
sur face wa ters level and a stage of swamp flood ing, which re -
sulted in the for ma tion of an ex ten sive lake.

The peat ac cu mu la tion vis i ble in the Tomis³owice opencast
mine ac cu mu lated in bas ins as so ci ated with flu vial fa cies char -
ac ter ized by mod est wa ter flow, as in di cated by the lack of ev i -
dent lev els of min eral interbeds within the dense lig nite seams.

The mire suc ces sion and evo lu tion was most in flu enced by
chang ing wa ter con di tions, i.e. mul ti ple fluc tu a tions in the
groun d wa ter level in a dy namic river val ley en vi ron ment.

Our re search in di cates that the com po si tion of the pol len
spec trum is not in flu enced by the lithological type of lig nite,
which in di cates that the lig nite lithotype is shaped by post-
 depositional trans for ma tions of the or ganic lig nite-form ing mat -
ter, and the palynomorphs con tained in it are a per ma nent el e -
ment.

Ac knowl edge ments. The pres ent study is a con tri bu tion to 
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APPENDIX 1  
Percentage distribution of the palynomorphs and phytoclasts from the Tomosławice opencast lignite mine 
 

Taxa 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

Spores                                                                       

Baculatisporites   1.2   0.4   0.8 0.2                         1.1       0.3   0.7                   
Baculatisporites 
primarius                           0.7     1.5 1.3                                   
Distancoraesporis 
ancoris                              0.6             0.4 3.6                         
Distancoraesporis 
germanicus 2           1.0 0.3 0.9 3.6                                                   

Laevigatosporites haardti 1.2 3.5 3.3 2.1 0.5 0.6 0.8 0.6 0.6 0.3   1.0 4.2       0.5 2.5 1.3   1.1     0.3 1.5 0.7 1.0 1.5 2.2 1.6 3.0   0.6 1.0 2.4 

Retitriletes                   0.6                                                   

Stereisporites                   5.2 2.9     7.3 7.2 6.9                                       

Stereisporites cyclus           0.2       2.6         1.1                   1.5                     

Stereisporites involutus   12.4     3.6 1.5   1.1     5.9   8.3 4.0   5.7   3.8   7.4 1.9 1.3 1.5 8.9 3.8 2.1 1.0 1.8 1.1           1.1 

Stereisporites macroides                 0.9 3.9                                                   

Stereisporites minor   4.3     1.4 0.4 0.4     1.9   0.3   2.7 2.8 3.4   3.1 3.9 6.3 3.0 2.5   17.1       0.7   1.1 0.8     0.5 0.6 

Stereisporites stereoides 3.2 14.0   0.8 5.9 1.1     1.4     1.2     3.3     1.9     0.7 1.7                 0.8     0.7 0.9 

Stereisporites validus                   2.6                                                   

Toroisporis                                                             0.4         

fungal spores + +   + + + + + +       +   + +   +   +       + + +     + + + +     + 

fungal hyphae     +             +               +   +                               

                                                                        

Gymnosperms                                                                       

Abiespollenites   1.2 0.7 1.7 0.7 3.8 1.7 3.4 6.9     2.8     2.8       3.2   1.5 0.4   2.2     0.7 1.1     0.4 1.1 1.1     

Cathayapollis               0.2   0.3                                                   
Cunninghamiaepollenites 
janinae                       0.5     0.6 2.3 1.0                                     
Cupressacites 
bockwitzensis 2 3.5   3.3 0.9 1.7 1.0 1.6 3.5 1.6   0.8     2.2 6.9   2.5                     0.3             
Inaperturopollenites 
concedipites 2.4 2.7   1.7 1.1 1.1 1.0 0.5 3.8     1.2     0.6             0.4             1.4       0.8     
Inaperturopollenites 
dubius 2.4 8.5 7.3   6.1 6.4 1.5 0.8 6.9 3.6   1.5   2.7 3.3 3.4 2.0 3.1   2.1 0.7 0.8   4.1     0.7 0.7 1.9 0.8 2.3 1.1     0.6 

Pinuspollenites 13.6 12.0 19.3 25.7 18.1 20.0 24.0 13.4 15.3 17.2 32.4 15.0 50.0 21.3 12.8 32.2 13.2 20.6 27.3 18.9 10.9 9.2 18.6 14.9 21.2 28.4 8.2 17.3 18.8 16.2 14.3 7.9 13.9 16.2 14.9 

Sciadopityspollenites 1.2     0.8 1.4 1.9 3.3 6.7 5.2 4.9   3.5   2.0 3.9 2.3 15.6 21.3   6.3 10.5 5.4 5.7 7.6 3.0 5.7 2.1   1.6 4.1 2.6 7.2 3.0 1.4 1.3 

Sequoiapollenites  8.4 4.3 1.3   3.2 9.3 5.8 4.4 12.1 2.9   1.3   3.3 2.8   1.0 1.9 6.5 16.8 2.2 1.3 1.0 4.8 1.5   0.7 2.6 4.3 1.9 2.3 15.2 7.5 0.7 1.5 

Zonalapollenites gracilis           0.6   0.2 0.6     0.8                 0.4 0.4             0.5         0.7   
Zonalapollenites 
igniculus             0.6         0.2                                               
Zonalapollenites 
maximus           0.4                                                           
Zonalapollenites 
spinosus           0.4   0.5                                                       

                                                                        

Angiosperms                                                                       

Aceripollenites                   0.3                                 0.3 0.4 0.5         0.7   
Aceripollenites 
microrugulatus                                     1.3                                 
Aceripollenites 
reticulatus                                   0.6               0.7                   

Alnipollenites verus 4   16.0 3.3 1.4   1.3 1.1 2.0 1.0 2.9 0.7   3.3 2.2 4.6 0.5   7.8 3.2 1.9 4.2   2.9     1.4 1.8   1.6 1.5 1.4 2.2 1.2 1.9 
Araliaceoipollenites 
angki                                   0.6                                   
Araliaceoipollenites 
euphorii                           0.7       0.6 0.6   3.0 1.7 2.1 0.3                 0.3     
Araliaceoipollenites 
jadvigae   0.4   0.4                                                               

Araliaceoipollenites                       0.3                                               



reticuoides 

Arecipites                                                                     0.2 

Arecipites butomoides  0.4                                                                     

Caprifoliipites       0.4     0.2                                             0.5   1.1   1.7 1.1 
Caprifoliipites 
andreanszkyi                   0.3   0.3                                               

Carpinipites  2.4   4.0 4.6 4.3   0.6 1.2       5.0     0.6   0.5 2.5   1.1       1.0 1.5   1.7 1.1 0.5 0.5       0.7 1.3 

Caryapollenites simplex   1.2   0.4 0.2   0.2 1.9       0.8             0.6         0.3       0.4   1.1 0.4 4.7   0.2   
Celtipollenites 
bobrowskae       0.4         0.3 0.3 2.9 0.5   0.7   3.4     0.6   0.4         0.7       0.3 1.1       0.2 
Cornaceaepollis 
satzveyensis                                         1.5         1.4     0.8       0.8     

Corylopsispollenites       0.4                     0.6             0.4 1.0                         
Cupuliferoipollenites 
oviformis     0.7   0.5         0.6                             0.8     1.5               
Cupuliferoipollenites 
pusillus         0.5 0.2 0.2 0.5                   0.6 0.6     0.4     1.5 0.7 0.3     0.8 0.8 0.4     0.6 
Cyrillaceaepollenites 
brühlensis           0.4           0.8                         1.5 1.4 2.1 0.4       1.1 1.1 1.2 1.7 
Cyrillaceaepollenites 
exactus   0.4           0.2           0.7 1.1 1.1   1.3 1.9   1.9 0.4 2.1     2.1 1.4   1.1         0.7 1.1 
Cyrillaceaepollenites 
megaexactus         1.1   1.0             4.0 3.9   0.5   1.3     1.7 1.5 1.0   3.5 4.1 1.1 2.2 5.8 3.8 2.9 3.6 6.7 3.7 

Diospyrospollenites                                                     0.3                 

Edmundipollis                              0.6                                         

Edmundipollis edmundi                                                         0.3             

Edmundipollis vitiosus     0.7                                                                 

Ericipites callidus                                                                   0.7 1.7 

Ericipites ericius 6.8 1.6 3.3   5.2 3.6 4.6 3.1 4.6 6.8 14.7 6.3 12.5 14.7 10.6 4.6 11.2 3.8 18.2 12.6 13.9 17.9 27.3 16.5 20.5 9.2 20.6 16.9 7.6 10.4 10.9 15.5 15.0 21.9 16.2 

Ericipites roboreus                             2.2       1.9 3.2 1.1   0.5 0.3     0.3 0.4 0.5 0.5 1.5   2.2 0.7 2.4 

Eucommiapollis                                             0.5       0.3   0.5 0.3 1.1     0.5   

Eucommiapollis minor                       0.8                                               

Faguspollenites 11.2 4.3   11.6 3.4 5.9 19.6 17.5 12.7 12.9 2.9 19.6   3.3 3.9 6.9     2.6   1.1   0.5 0.3 0.8 2.1 3.1 4.8 5.4 7.4 2.6 2.9 5.8 3.1 5.8 

Fraxinipollis           0.2                 0.6                                         

Fraxinipollis oblatus             0.8 0.3           0.7 0.6   1.5 2.5     0.4 0.4             1.1       0.3     
Fraxinipollis 
sinuosimuratus          0.2                       4.4       0.4             0.4 0.5     0.4   3.1 0.6 

Graminidites     2.0                 0.3           1.3                                   

Ilexpollenites iliacus           0.2 0.4         0.7   1.3 1.1 1.1             0.5       0.3 1.1 1.4 1.4 1.9 7.6 6.4 6.2 6.5 
Ilexpollenites 
margaritatus 2.4 1.6 2.7   0.7 0.2   0.6 0.6 2.9   0.7   2.0 2.2     1.9 3.2   1.9         0.7 1.7 1.1 1.1 2.2 2.3     1.9 2.2 

Ilexpollenites propinquus   0.8 0.7   0.9   0.4 0.5       1.0   2.7 1.7   1.0 2.5 1.9   0.7 0.8 0.5 0.6   2.1   1.1 1.6 2.7   1.8 1.4 2.9 2.8 
Intratricoropollenites 
instructus               0.2 0.3               0.5         0.8         0.7           0.3     

Iteapollis angustiporatus             0.2                                                   0.3   0.4 

Juglanspollenites               0.5             1.7                                         

cf. Manikinipollis                                                                    0.23753   

Momipites punctatus               0.3 0.3                           1.0         0.7               

Myricipites bituitus       1.2 0.2     0.5             1.1           0.7   1.0 0.3       1.1 1.1         0.7 1.1 

Nelumbopollenites       1.2                                                               

Nyssapollenites 9.2 1.2 18.7 1.2 4.5 5.1 3.3 3.6 5.8 6.5 8.8 1.5 8.3   7.8 2.3 27.8 6.9 9.1 8.4 7.9 10.8 18.6 8.6 35.6 27.7 26.8 25.0 22.8 24.5 27.1 11.6 16.3 13.8 7.1 

Oleoidearumpollenites 0.4   0.7                 0.3 4.2                 0.8   1.0 0.8   1.4 0.4       2.9   0.5   
Oleoidearumpollenites 
microreticulatus                     2.9                                                 
Parthenopollenites 
marcodurensis             0.2                                                         
Periporopollenites 
orientaliformis             0.2         1.5                                               
Periporopollenites 
stigmosus  2 0.4   2.1 0.2 0.4 0.4 0.8 0.6                           0.5       0.3   0.5 0.8     0.3 0.2   

Platanipollis ipelensis             0.2 0.2 0.3                                                     



Platycaryapollenites                                         0.4                             

Polyatriopollenites 1.2 1.6   0.4 0.5 0.2 4.2 3.6 0.6 0.3   0.8   1.3     1.0             0.3   2.1 1.0 0.7 0.3     0.4     0.2 

Potamogetonacidites       2.5                                                               

Quercoidites henrici   0.8 0.7 1.2     2.7 1.2   1.3   4.3   4.0 3.9   2.4         1.3   0.3 0.8 0.7 1.4 2.2 3.8       0.8   3.9 
Quercoidites 
microhenrici   0.4     0.2   0.6                   1.0                                     

Quercopollenites     6.0               14.7 6.8   3.3     5.4                       0.5 1.6 4.9     2.4   

Quercopollenites asper                               2.3   3.1   3.2 2.6   2.1 1.6                   1.7   
Quercopollenites 
granulatus 8.4 2.3 3.3 5.0 14.3 19.5   8.0 8.1 4.9                                                   
Quercopollenites 
rubroides 13.2 8.1   15.8 16.8 11.9 9.4 10.1   5.8                         1.0                         

Reevesiapollis triangulus               0.2           0.7                                           

Rutacearumpollenites         0.2                             1.1                               

Salixipollenites     1.3 1.7 0.5 0.2 1.0 1.4 0.9         0.7   2.3   1.3                     0.8 0.5       0.5   

Sapotaceoidaepollenites     0.7                                                                 

Sparganiaceaepollenites       0.4                                                               
Spinulaepollis 
arceuthobioides           0.4 0.2     0.3       0.7       1.3 1.3 1.1               0.4   0.8 0.4 2.2   0.7 2.8 
Sporotrapoidites 
illingensis       0.4                                                               
Sterculiapollis 
reticuloides                 0.3                                                     

Symplocoipollenites                                                                    0.2   
Symplocoipollenites  
vestibulum   1.2                       0.7                                           
Symplocoipollenites 
rarobaculatus             0.2                                                         
Tricolporopollenites 
dolium   3.1     0.2 0.2 0.4 0.8             1.1 3.4         4.1 10.8 2.1   0.8 0.7 1.7 1.8 1.4 2.7 1.1   1.7     
Tricolporopollenites 
fallax                                 1.0                                 0.5 0.4 
Tricolporopollenites 
indeterminatus               0.2                                                       
Tricolporopollenites 
liblarensis                                                                   0.5 1.5 
Tricolporopollenites 
mangiferoides                                                                     0.4 
Tricolporopollenites 
pseudocingulum   2.3     0.5   2.7 4.1 0.6     7.3   5.3 5.0 3.4 4.9 3.1 1.3 5.3 21.7 22.1 6.7 2.9   5.0 11.7 7.0 5.7 5.5 9.4 9.0 13.3 1.2 6.1 
Tricolporopollenites 
quisqualis                                                       1.1               
Tricolporopollenites 
scutulensis                   1.0                                                   
Tricolporopollenites 
staresedloensis                                                               0.4       
Tricolporopollenites 
theacoides                   0.3                                     3.5 0.5           
Tricolporopollenites 
villensis                       0.2                           0.7       0.3 1.1 0.4 1.1 0.2 0.2 

Corylopollis coryloides       0.8           0.3                           0.3 1.5   0.3                 
Trivestibulopollenites 
betuloides 1.2   5.3 3.3   0.4 1.3 1.1 2.3 2.9   0.7 8.3 4.7 2.2   1.0 1.9 3.2 2.1 1.5 1.7     0.8 0.7 1.4 1.5 1.6 0.8   1.1   0.5 1.1 

Tubulifloridites       0.4                                                               

Ulmipollenites undulosus 0.8 1.2 1.3 5.4 0.5 0.2 1.9 3.1 1.7     8.6 4.2 0.7 1.7 1.1 1.0 2.5           1.3 0.8   0.7   0.5 0.3 0.8     1.2 1.1 

Vitipites         0.2 0.2         8.8                                       0.8         

                                                                        

Phytoplankton                                                                       

Ovoidites elongatus       ++                                                               

Ovoidites grandis       +                                                               

Ovoidites ligneolus       +++                                                               

Ovoidites spiriggii       +                                                               

Pediastrum boryanum       ++                                                               

Planctonites stellarius       +++                                                               

                                                                      



 Phytoclasts                                                                       

brown wood debris +++ ++ +++ +++ ++ +++ ++ ++ +++ +++ ++ ++ +++ +++ +++ +++ +++ ++ ++ ++ ++ ++ ++ ++ +++ +++ +++ +++ ++ ++ ++ ++ ++ ++ ++ 

black wood debris +++ ++ ++   ++ +++ ++ ++ ++ ++ ++ + +   ++       + ++   + + + +++ + + ++ +++ + + + ++ ++ ++ 

cuticule ++ ++ +++ +++ ++ ++           ++ +++ +++ ++ ++ +++ ++ ++ ++ ++ ++ +++ +++ +++ ++ ++ ++ + ++ ++ +++ ++ + ++ 



APPENDIX 2 

Fossil spores and pollen taxa recorded in the deposits from Tomisławice and their botanical affinity and palaeobotanical  
affiliation according to Stuchlik et al. (2001, 2002, 2009, 2014) 

 

Fossil taxa  Botanical affinity Palaeofloristic 
element 

Spores     
Baculatisporites sp. Osmundaceae: Osmunda P/A 
Baculatisporites primarius (Wolf) Pflug & Thomson Osmundaceae: Osmunda P/A 
Distancoraesporis ancoris (Krutzsch & Sontag) Srivastava Sphagnaceae P/A 
Distancoraesporis germanicus (Krutzsch) Srivastava Sphagnaceae P/A 
Laevigatosporites haardti (Potonie& Venitz) Thomson & Pflug Polypodiaceae, Davaliaceae P/A 
Retitriletessp. Lycopodiaceae: Lycopodium P/A 
Stereisporites sp. Sphagnaceae: Sphagnum P/A 
Stereisporites cyclus Krutzsch Sphagnaceae: Sphagnum P/A 
Stereisporites involutus (Doktorowicz-Hrebnicka) Krutzsch Sphagnaceae: Sphagnum P/A 
Stereisporites macroides Krutzsch Sphagnaceae: Sphagnum P/A 
Stereisporites minor (Raatz) Krutzsch Sphagnaceae: Sphagnum P/A 
Stereisporites stereoides (Potonie& Venitz) Thomson & Pflug Sphagnaceae: Sphagnum P/A 
Stereisporites validus (Doktorowicz-Hrebnicka) Grabowska Sphagnaceae: Sphagnum P/A 
Toroisporis sp. Cyatheaceae? Dipteridaceae? Pteridaceae? Lygodiaceae P 
      
Gymnosperms     
Abiespollenites sp. Pinaceae: Abies A 
Cathayapollis sp. Pinaceae: Cathaya A1 
Cunninghamiaepollenites janinae Stuchlik & Konzalová Cupressaceae: Cunninghamia A1 
Cupressacites bockwitzensis Krtutzsch Cupressaceae: Cupressus arizonica A1 
Inaperturopollenites concedipites (Wodehouse) Krutzsch Cupressaceae: Taxodium, Glyptostrobus P2/A1 
Inaperturopollenites dubius (Potonie& Venitz) Thomson & Pflug Cupressaceae: Taxodium, Glyptostrobus P2/A1 
Pinuspollenites sp. Pinaceae: Pinus sylvestris type A 
Sciadopityspollenites sp. Sciadopityaceae: Sciadopitys A1 

Sequoiapollenites sp. 
Cupressaceae: Sequoia, Sequoiadendron, Metasequoia, 
Cryptomretia A1 

Zonalapollenites gracilis Krutzsch Pinaceae: Tsuga canadensis A 
Zonalapollenites igniculus (Potonié) Thomson & Pflug Pinaceae: Tsuga A 



Zonalapollenites maximus Krutzsch Pinaceae: Tsuga A 
Zonalapollenites spinosus (Doktorowicz-Hrebnicka)Ziembińska-Tworzydło Pinaceae: Tsuga forresti A 
      
Angiosperms     
Aceripollenites sp. Sapindaceae: Acer A 
Aceripollenites microrugulatus Thiele-Pfeiffer Sapindaceae, Hippocastanoidae: Acer A 
Aceripollenites reticulatus Nagy Sapindaceae, Hippocastanoidae: Acer A 
Alnipollenites verus (Potonié) Potonié Betulaceae: Alnus P2/A 
Araliaceoipollenites angki (Gruas-Cavagnetto) Słodkowska Araliaceae: Scheffleropsis angkae P2 
Araliaceoipollenites euphorii (Potonié) Potonié Araliaceae: Acantopanax spinosus, Aralia cordata P/A1 
Araliaceoipollenites jadvigae Słodkowska Araliaceae: Aralia elata, A.spinosa P2/A1 
Araliaceoipollenites reticuloides Thiele-Pfeiffer Araliaceae: Hedera helix A1 
Arecipites sp. Amaryllidacae, Araceae, Arecaceae, Butomaceae P/A1 
Arecipites butomoides Krutzsch Araceae, Arecaceae, Butomabeae P/A 
Caprifoliipites sp. Adoxaceae: Sambucus, Viburnum P2/A1 
Caprifoliipites andreanszkyi Nagy Adoxaceae: Viburnum rhytidophyllum P2/A 
Carpinipites sp.  Betulaceae: Carpinus P2/A1 
Caryapollenites simplex (Potonié) Raatz Juglandaceae: Carya P/A1 
Celtipollenites bobrowskae Kohlman-Adamska & Ziembińska-Tworzydło Ulmaceae: Celtis P/A1 
Cornaceaepollis satzveyensis (Pflug) Ziembińska-Tworzydło Mastixiaceae: Mastixia P 
Corylopsispollenitessp. Hammamelidaceae: Corylopsis A1 
Cupuliferoipollenites oviformis (Potonié) Potonié Fagaceae: Castanea, Castanopsis, Lithocarpus P2/A1 
Cupuliferoipollenites pusillus (Potonié) Potonié Fagaceae: Castanea, Castanopsis, Lithocarpus P2/A1 
Cyrillaceaepollenites brühlensis (Thomson) Durska Cyrillaceae, Clethraceae P 
Cyrillaceaepollenites exactus (Potonié) Potonié Cyrillaceae, Clethraceae: Cyrilla, Purdiaea, Cliftonia, Clethra P 
Cyrillaceaepollenites megaexactus (Potonié) Potonié Cyrillaceae, Clethraceae: Cyrilla, Purdiaea, Cliftonia, Clethra P 
Diospyrospollenites sp. Ebenaceae: Diospyros lotus, D. kaki P 
Edmundipollis sp. Mastixiaceae, Cornaceae, Araliaceae P/A 
Edmundipollis edmundii (Potonié) Słodkowska & Ziembińska-Tworzydło Cornaceae, Mastxiaceae: Diplopanax P1 
Edmundipollis grossularius (Potonié) Słodkowska & Ziembińska-Tworzydło Araliaceae: Aralia, Panax P/A 
Edmundipollis vitiosus (Mamczar) Słodkowska & Ziembińska-Tworzydło Araliaceae: Aralia, Panax P/A1 
Ericipites callidus (Potonié) Krutzsch Ericaceae: Calluna, Vaccinium A 
Ericipites ericius (Potonié) Potonié Ericaceae: Calluna, Daboecia, Vaccinium A 
Ericipites roboreus (Potonié) Krutzsch Ericaceae: Rhododendron, Andromeda A 
Eucommiapollis sp. Eucommiaceae: Eucommia A1 
Eucommiapollis minor Menke Eucommiaceae: Eucommia A1 
Faguspollenites sp. Fagaceae: Fagus A 
Fraxinipollis sp. Oleaceae: Fraxinus P/A 



Fraxinipollis oblatus Słodkowska Oleaceae: Fraxinus americana A 
Fraxinipollis sinuosimuratus (Trevisan) Słodkowska Oleaceae: Fraxinus A 
Graminidites sp. Poaceae P/A 
Ilexpollenites iliacus (Potonié) Potonié  Aquifoliaceae: Ilex aquifolium, I. macrocarpa P/A1 
Ilexpollenites margaritatus (Potonié) Raatz Aquifoliaceae: Ilex asptella P2 
Ilexpollenites propinquus (Potonié) Potonié Aquifoliaceae: Ilex P/A1 
Intratriporopollenites instructus (Potonié) Thgomson & Pflug Malvaceae: Tilioidae: Tilia P/A 
Iteapollis angustiporatus (Schneider) Ziembińska-Tworzydło Iteaceae: Itea P 
JuglanspollIs sp. Juglandaceae: Juglans A1 
Manikinipollis sp. Asclepiadaceae, Periplocoidae P/A1 
Momipites punctatus (Potonié) Nagy Juglancaceae: Engelhardia, Alfaroa, Oeromunnea P2 
Myricipites bituitus (Potonié) Nagy Myricaceae: Myrica gale, M. javanica P2/A1 
Nyssapollenites sp. Nyssaceae: Nyssa P/A1 
Oleoidearumpollenites sp. Oleaceae: Olea P2/A1 
Oleoidearumpollenites microreticulatus (Thomson & Pflug) Ziembińska-Tworzydło Oleaceae: Olea P2/A1 
Parthenopollenites marcodurensis (Pflug & Thomson) Traverse  Vitaceae: Parthenocissus, Ampelopsis, Cayratia, Leea P/A1 
Periporopollenites orientalifomis (Nagy) Kohlman-Adamska & Ziembińska-
Tworzydło Altangiaceae: Liquidambar A1 
Periporopollenites stigmosus (Potonié) Thomson & Pflug Altangiaceae: Altingia, Liquidambar orientalis A1 
Platanipollis ipelensis (Pacltová) Grabowska Platanaceae: Platanus P/A1 
Platycaryapollenites sp. Juglandaceae: Platycarya P2/A1 
Polyatriopollenites sp. Juglandaceae: Pterocarya A1 
Potamogetonacidites sp. Potamogetonaceae, Potamogeton P/A 
Quercoidites henrici (Potonié) Potonié, Thomson & Thiergart Fagaceae: Quercus P2/A1 
Quercoidites microhenrici (Potonié) Potonié, Thomson & Thiergart Fagaceae: Quercus P2/A1 
Quercopollenites sp. Fagaceae: Quercus P2/A1 
Quercopollenites asper (Thomson & Pflug) Kohlman-Adamska & Ziembińska-
Tworzydło Fagaceae: Quercus A1 
Quercopollenites granulatus Nagy Fagaceae: Quercus A1 
Quercopollenites rubroides  Kohlman-Adamska & Ziembińska-Tworzydło Fagaceae: Quercus A1 
Reevesiapollis triangulus (Mamczar) Krutzsch Malvaceae, Helicteroidae: Reevesia P 
Rutacearumpollenites sp. Rutaceae: Ptelea P/A1 
Salixipollenites sp. Salicaceae: Salix A 
Sapotaceoidaepollenites sp. Sapotaceae P 
Sparganiaceaepollenites sp. Sparganiaceae, Typhaceae P/A 
Spinulaepollis arceuthobioides Krutzsch Santalaceae: Areuthobium P 
Sporotrapoidites illingensis Klaus Lythraceae: Trapa A1 
Sterculiapollis reticuloides Stuchlik Malvaceae, Sterculiaceae: Sterculia, Melochia P 
Symplocoipollenites sp. Symplocaceae: Symplocos P 



Symplocoipollenites vestibulum (Potonié) Potonié  Symplocaceae: Symplocos alata, S. crategioides P 
Symolocoipollenites rarobaculatus (Thiele-Pfeiffer) Ashraf & Mosbrugger Symplocaceae: Symplocos lenormandiana P 
Tricolporopollenites dolium (Potonié) Thomson & Pflug Fagaceae? ? 
Tricolporopollenites fallax (Potonié) Krutsch Fabaceae: Anagyris, Dalea, Taverniera P/A 
Tricolporopollenites indeterminatus (Romanowicz) Ziembińska-Tworzydło Hamamelidaceae: Parrotia persica, Distylium P2 
Tricolporopollenites liblarensis (Thomson & Pflug) Hochuli Fabaceae: Anagyris, Dalea, Taverniera P/A 
Tricolporopollenites mangiferoides Słodkowska Anacardiaceae: Mangifera indica P1 
Tricolporopollenites pseudocingulum (Potonié) Thomson & Pflug  Fagaceae, Styracaceae P/A1 
Tricolporopollenites quisqualis (Potonié) Krutzsch  Fabaceae P/A 
Tricolporopollenites scutelensis Kohlman-Adamska & Ziembińska-Tworzydło Theaceae, Theeae P 
Tricolporopollenites staresedloensis Krutzsch & Pacltová Hammamelidaceae: Parrotia, Distylium P2 
Tricolporopollenites theacoides(Roche & Schuler) Kohlman-Adamska & 
Ziembińska-Tworzydło Theaceae, Theeae P 
Tricolporopollenites villensis (Thomson) Thomson Fagaceae? ? 
Triporopollenites coryloides Pflug Betulaceae: Corylus A 
Trivestibulopollenites betuloides Pflug Betulaceae: Betula A 
Tubulifloridites sp. Asteraceae A 
Ulmipollenites undulosus Wolff Ulmaceae: Ulmus A2 
Vitipites sp. Vitaceae: Vitis P2/A1 

 




