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Dispersed palynological assemblages are the main ob-
jects of research, primarily for stratigraphic and palaeo-
ecological interpretations. Palynostratigraphic studies of 
the Carboniferous in the ISB began in the 1960s, and their 
main achievements are discussed in the paper by Maćko 
and Górecka-Nowak (2024). Palynofacies studies, which 
constitute a valuable supplement to results obtained from 
palynomorph analysis, are not advanced in these rocks and 
this study is one of the first.

Carboniferous miospores, due to their widespread oc-
currence in terrestrial and marine rocks and their trans-
port mainly by water, are found in a variety of geological 
environments, which increases their research value. They 
show significant mechanical resistance during sedimenta-
tion and chemical resistance in later geological processes, 
due to the presence of sporopollenin, a chemically com-
plex biopolymer, forming part of their exine. This allows 

them to survive under unfavorable geological conditions, 
making them exceptionally durable and valuable research 
materials.

Carboniferous miospores are a valuable group of micro-
fossils, primarily used for stratigraphic purposes. In this 
application, the fact that they are found dispersed in sedi-
mentary rocks without any association with the parent plant 
is not important. However, miospores can also be used in 
palaeoecological interpretations, providing important infor-
mation about the depositional environment and its variabil-
ity over time. For such interpretations, knowledge of the bi-
ological links between miospore taxa and their parent plants 
is essential. Thanks to advances in palaeobotanical research, 
especially studies of in situ spores, these relationships are 
now known for the several genera of Carboniferous mio-
spores. This allows reconstruction of vegetation, consisting 
of parent plants, based on dispersed spore assemblages. 
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Palynological and palaeobotanical studies by U.S research-
ers allowed the determination of environmental preferenc-
es of plant groups during the Carboniferous (Phillips and 
Peppers, 1984; DiMichele and Phillips, 1985, 1994; Phillips  
et al., 1985). These are the grounds for inferring the environ-
mental conditions during the sedimentation of the studied 
rocks. Furthermore, the analysis of changes in the composi-
tion of plant communities over time can be used to interpret 
features of the Carboniferous palaeoclimate, as shown for 
North America by Phillips and Peppers (1984).

The results of palynological studies on Carboniferous 
rocks from the Intra-Sudetic Basin, including both coal and 
barren layers, provided a basis for a multidirectional inter-
pretation. The primary objective of the palynological stud-
ies of the Wałbrzych, Biały Kamień and Žacléř formations 
was the precise determination of their age (Górecka, 1969; 
Górecka-Nowak, 1988, 1995; Górecka-Nowak and Majew-
ska, 2002, 2003; Górecka-Nowak et al., 2021; Maćko and 
Górecka-Nowak, 2024). Additionally, the results of mio-
spore studies and palynofacies observations from the rocks 
of the Wałbrzych Formation were interpreted from a palae-
oenvironmental perspective (Górecka-Nowak and Majew-
ska, 2003). Also, the results of miospore studies from the 
Žacléř Formation, based on four deep boreholes located in 
the northwestern part of the Intra-Sudetic Basin, were used 
to interpret the composition of the parent plant communities. 
Changes in the composition of these communities during 
the sedimentation of the studied rocks were explained by 
probable climatic changes, involving fluctuations in humid-
ity during the late Bashkirian and Moscovian (Westphalian 
A–C; Górecka-Nowak, 1996, 2002). 

This paper presents the composition of miospore assem-
blages from the Biały Kamień Formation in terms of their 
palaeobotanical affinity and temporal changes, supplement-
ed by palynofacies observations and their palaeoecological 
significance. The miospore data used for palynostratigraph-
ical interpretation were published by Maćko and Górec-
ka-Nowak (2024), whereas the results of palynofacies ob-
servations have not been published previously.

These information derived the Biały Kamień Forma-
tion complements the knowledge on changes in the veg-
etation and palaeoenvironmental features in the IBS over  
a relatively long time interval, from the Serpukhovian to the 
Moscovian (Namurian A–Westphalian C). These changes 
were certainly caused by many factors, including local en-
vironmental conditions and probably palaeoclimatic chang-
es. The palynological data gathered from the ISB create  
a unique opportunity to reconstruct these changes in the 
Carboniferous during around 20 Ma.

GEOLOGICAL SETTING

The research area covers the northwestern part of the ISB, 
which is an extensive geological unit, located in the central 
part of the Sudetes (Fig. 1A). The ISB is filled with a suc-
cession of sedimentary rocks of the Carboniferous, Permian 
and Lower Triassic, with a significant presence of volca-
nic rocks. The rock layers dip towards the centre of this 

structure, except for in the Wałbrzych Sub-Basin (WSB), 
located in the northern part of ISB, which is filled with Car-
boniferous rocks, dipping towards its centre and surrounded 
by young Palaeozoic volcanic rocks.

This article discusses the results of palynological stud-
ies of three lithostratigraphic units in the Upper Missis-
sippian and Pennsylvanian: the Wałbrzych, Biały Kamień 
and Žacléř formations, the ages of which are well-known, 
due to palynostratigraphic research. The thickness of each 
of these formations is several hundred metres, and two of 
them, namely the Wałbrzych and Žacléř formations, con-
tain coal seams that were of industrial importance and were 
exploited in the deep coal mines of the Lower Silesian Coal 
Basin. The Biały Kamień Formation, which separates the 
other two formations, is composed of coarse-grained clastic 
rocks, dominated by conglomerates, and contains negligible 
amounts of coal (Fig. 2).

MATERIAL AND METHODS

Samples for palynological analysis of rocks from the 
Wałbrzych and Biały Kamień formations were collect-
ed from surface outcrops within the WSB (Fig. 1B).  
The whole profiles of both formations were sampled, and 
the samples comprised mudstones, claystones, coaly shales 
and coal. In the case of the Žacléř Formation, palynologi-
cal data applied in this paper were obtained from the deep 
borehole Grzędy IG-1, located approximately 8 km west 
of Wałbrzych (Górecka-Nowak, 1988, 1995; Fig. 1B). This 
borehole provides the most nearly complete profile among 
the four profiles used for palaeoclimatic reconstructions by 
Górecka-Nowak (1996, 2002).

Palynological samples were processed, using standard 
procedures, as described by Bercovici and Vellekoop (2017) 
and Riding (2021). Palynofacies analysis of samples from 
the Biały Kamień Formation was conducted on non-ox-
idized palynologic material, whereas miospore analyses 
were carried out on slides, prepared from oxidized samples.

During the palynofacies analysis, three categories of 
palynological components were identified and counted: 
amorphous organic matter (AOM), palynoclasts and paly-
nomorphs. Among the palynoclasts, the zoo- and various 
phytoclasts were distinguished and classified according to 
their shape, structure and size (Dybkjær, 1991; Tyson, 1995; 
Mendonça Filho et al., 2011).

Slides from the Biały Kamień Formation were examined 
under transmitted light, using a Nikon Alphaphot-2 YS2 bi-
ological microscope. Palynofacies observations under UV 
radiation were conducted, using Zeiss Axioscope 5 fluo-
rescence microscopes. Objectives of 20x and 40x magnifi-
cation were used for transmitted light and 10x and 20x for 
UV. Photographs were taken with a DLT-Cam camera and 
particle measurements were carried out, using the ImageJ 
software.
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Fig. 1.	 Location maps. A. Simplified geological map of the Intra-Sudetic Basin (ISB). B. Fragment of the geological map, showing the 
Wałbrzych Sub-Basin (WSB) and the location of the Grzędy IG-1 borehole (based on Sawicki, 1967).
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Fig. 2.	 Lithostratigraphy of the Carboniferous deposits in the Intra-Sudetic Basin, correlated with palynostratigraphy and chronostratig-
raphy. X – profile analyzed in this research.

MIOSPORE ASSEMBLAGES  
AS INDICATORS OF VEGETATION  

AND PALAEOENVIRONMENT
The progress of palaeobotanical research, mainly studies 

on in situ miospores, revealed the biological relationships 
between miospores, which are usually found dispersed in 
rocks and the parent plants that produced them. This infor-
mation is particularly valuable, as it allows us to estimate 
the composition of vegetation that grew near the site of 
sediment deposition, on the basis of the composition of the 
miospore assemblages.

Botanical affinity of Carboniferous miospores

Thanks to the intensive research of spores in situ, most 
of the biological connections between Carboniferous mio-
spores and their parent plants are already known. The infor-
mation on these topics has been collected in several articles, 
including Balme (1995), Bek (2021) and Bek et al. (2021). 
On this basis, the taxonomic affiliations of miospore gen-
era, identified in the rocks of the Biały Kamień Formation 
(Bashkirian) of the ISB, are summarized (Tab. 1). The iden-
tified miospore assemblage is dominated by spores, while 
pollen grains are scarce. These miospores were produced 
by the major groups of Carboniferous flora, including ly-
copsids, sphenopsids and ferns. Lycopsids are divided, on 
the basis of morphology and spore production, into arbo-
rescent and sub-arborescent/herbaceous plants (Phillips and 
Peppers, 1984; Balme, 1995). The most abundant group was 
the arborescent lycopsids. Genus Lepidodendron produced 
spores of Lycospora, the most common and widespread 
Carboniferous miospore, especially in Pennsylvanian strata 

(Thomas, 2021). Another important miospore genus, Cras-
sispora, was produced by Sigillaria, also belonging to arbo-
rescent lycopsids (Bek and Opluštil, 2021). Sub-arborescent 
lycopsids are represented by genera, such as Densosporites, 
Cristatisporites and Endosporites, while herbaceous lycop-
sids are represented by Anapiculatisporites, Cingulizonates, 
Cirratriradites and Radiizonates. These spores have been 
found in situ in various sporangiate structures, mainly in Se-
laginella and Omphalophloios (Chaloner, 1954; Bharadwaj 
and Venkatachala, 1968). 

Among the sphenopsids, two subgroups are distin-
guished: the tree-like Calamites and shrubby to scrambling, 
now-extinct, Sphenophyllales (Taylor et al., 2009). The 
most typical sphenopsid miospore is Calamospora found 
in situ in sporangia of Calamostachys and Palaeostachya 
and other related genera (Balme, 1995). Sphenophyllales 
produced spores, such as Vestispora and partly Dictyo-
triletes as well as Laevigatosporites (Bek and Libertín, 
2010). Ferns were a taxonomically diverse and structurally 
complex group of plants, including columnar trees from the 
Marattialean group and small ground cover plants, belong-
ing to Zygopteridalean, Botryopteridalean and Schizea-
ceous forms. The miospores of ferns were represented by 
various genera, mainly those possessing the trilete marks, 
for example, Granulatisporites, Leiotriletes, Cyclogranis-
porites and Punctatisporites. However, the smallest mono-
lete spores belong to the Marattialean ferns, where also 
Schulzospora and Wilsonites belong. The larger monolete 
spores were produced by the sphenophylls. In the Carbonif-
erous vegetation, gymnosperms formed an important group. 
Cordaitaleans could reach several metres in height and pos-
sessed a relatively shallow root system that extended almost 
horizontally from the trunk. In the miospore assemblage, 
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cordaitaleans were represented exclusively by the genus 
Florinites, which has been found in situ within cordaitalean 
cones (Cardiocarpus; Balme, 1995). Other miospore genera 
of gymnosperms, mainly conifers, were Potonieisporites, 
Pityosporites and Illinites (Balme, 1995).

On the basis of palynological data, particularly the fre-
quency of specific miospore genera and their known bi-
ological affiliations, an attempt was made to estimate the 
vegetation that once grew near the site of deposition of the 
studied rocks. Unfortunately, this reconstruction is compli-
cated by several biological factors. One major challenge is 
that some miospore genera have not yet been definitively 
linked to specific parent plants. This necessitates desig-
nating a group of taxa with unknown botanical affiliation  
(Tab. 1), although their low frequency typically means they 
have little impact on the overall interpretation. Another dif-
ficulty stems from the ambiguous results of in situ spore 
studies. There are cases, where reproductive organs contain 
morphologically diverse miospores assigned to different 
taxa, or where a single miospore genus has been associat-
ed with reproductive structures of different plants (Taylor 
et al., 2009; Tab. 1). Currently, such cases are considered 
rare, and it is hoped that future research will clarify these 
uncertainties. A more significant issue, potentially affecting 
reconstruction outcomes, is the variation in miospore pro-
ductivity among different plant groups. Due to the limited 
understanding of this aspect, it has been omitted from fur-
ther analysis, even though its impact may be substantial, un-
like the two previously mentioned factors, which are likely 
to be of minor importance. 

Possibility of environmental and palaeoclimatic recon-
struction, based on miospore assemblages

In spite of all of the limitations mentioned above, the anal-
ysis of miospore data remains a key tool in reconstructing 
Carboniferous land ecosystems. Due to miospore resistance 
and their widespread occurrence, they continue to be an im-
portant source of information on Carboniferous palaeoen-
vironments. In the case of miospore assemblages derived 
from coal, these spores can be considered autochthonous or 
nearly autochthonous (Smith, 1961; Smith and Butterworth, 
1967). They were undoubtedly produced by plants, inhab-
iting the mires, in which the accumulation of phytogenic 
material took place, ultimately giving rise to coal seams. In 
contrast, the miospores found in fine-grained clastic rocks, 
such as mudstones or siltstones, were probably subject to 
fluvial transport over distances that are difficult to estimate. 
Additionally, as a complicating factor, there was air trans-
port of pollen grains with air sacs, although they were rare. 
Consequently, assemblages from these lithologies are re-
garded as allochthonous. However, their composition still 
reflects the character of plant communities in the vicinity 
of the depositional site. It can be assumed that the source 
area of these miospores corresponds to the boundaries of the 
sedimentary basin. 

Identifying the botanical affinity of miospores is essen-
tial for reconstructing environments. The palaeoenviron-
mental analysis is based on the known ecological prefer-
ences of specific plant groups, which have been established 
through studies of miospore assemblages and anatomically 

Plant groups Spores

Lycopsids
Arborescent Crassispora, Lycospora

Sub-arborescent /Herbaceous Cristatisporites, Densosporites, Endosporites, Anapiculatisporites,  
Cingulizonates, Cirratriradites, Radiizonates

Sphenopsids
Calamitaceae Calamospora

Sphenophyllales Dictyotriletes (muricatus), Punctatisporites (obesus),
Reticulatasporites, Vestispora

Ferns

Marattiales Verrucosisporites, Cyclogranisporite,  Punctatisporites

Zygopteridales Convolutispora, Verrucosisporites, Apiculatasporites, Punctatisporites,
Cyclogranisporites

Botryopteridales Verrucosisporites, Convolutispora, Microreticulatisporites, Raistrickia,  
Lophotriletes,  Granulatisporites, Cyclogranisporites

Gleicheniales Triquitrites, Leiotriletes

Gymnosperms Cordaitales Florinites

Unknown 
origin

Acanthotriletes, Ahrensisporites, Anaplanisporites, Bellispores, Converrucosisporites, Dictyotriletes, Foveosporites, 
Grumosisporites, Knoxisporites, Kuhlensisporites, Lophozonotriletes, Mooreisporites, Murospora, Planisporites,
Pustulatisporites, Savitrisporites, Simozonotriletes, Stenozonotriletes

Table. 1. 

Botanical affinities of miospore genera identified from the Biały Kamień Formation  
(compiled after Balme, 1995; Bek, 2021; Bek et al., 2021).
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preserved plant remains in carbonate concretions from coal 
seams (so-called coal balls) from the Euramerican province 
(Phillips and Peppers, 1984). The data, used by Phillips and 
Peppers, originated from paralic coal basins of North Amer-
ica. Their climate change model corresponds well with  
the data from the ISB, partly because sedimentation during 
the Serpukhovian and Bashkirian stages also occurred near 
a marine shoreline, as indicated by recent findings (Górecka- 
Nowak et al., 2025).

The distribution of major floristic groups shows that 
during the Bashkirian and Moscovian lycopsids occupied 
peat-forming wetlands and partly other wetland habitats, 
where they coexisted with sphenopsids. This latter group 
commonly appeared in various environments, where arbo-
rescent lycopsids and tree ferns also grew. Lowland regions 
were dominated by ferns, with a gradually increasing con-
tribution of tree ferns throughout the Moscovian. Ferns also 
occurred in upland areas, where over time, they were re-
placed by cordaitaleans. For a relatively short period, in the 
late Bashkirian to early Moscovian, cordaitaleans became 
a quantitatively significant component of the vegetation in 
both uplands and lowlands and appeared also in peat-form-
ing wetlands. After this period, the distribution of floristic 
groups returned to that of the early Bashkirian assemblages, 
with the only notable difference being an increased pres-
ence of tree ferns among the fern communities during the 
Moscovian. At the transition between the Moscovian and 
Kasimovian, significant shifts in the distribution of floristic 
groups across different biotopes occurred. Lycopsids ceased 
to dominate peatlands and were replaced by ferns, predom-
inantly tree ferns. At the same time, lycopsids increasingly 
colonized other wetlands, where they displaced sphenopsids 
and became dominant. Lowlands continued to be dominat-
ed by ferns, with a considerable contribution of arborescent 
forms. Ferns were also present in higher parts, although 
uplands were increasingly populated by cordaitaleans and 
conifers. This vegetation is characteristic of the early Kasi-
movian. In the late Kasimovian, conifers and cordaitaleans 
partially expanded into lowlands, while seed ferns domi-
nated wetlands, including peatlands. The floral preferences 
during the Gzhelian were similar to those at the beginning 
of the Kasimovian, with the main difference being the lim-
ited presence of cordaitaleans and conifers in lowland areas 
(Phillips and Peppers, 1984).

The analysis of floristic composition over time, combined 
with known environmental preferences and their variability, 
allows for interpretation of the causes behind these changes. 
The most likely cause was the variability of climatic param-
eters during the Pennsylvanian in the Euramerican province, 
which was characterized by a tropical climate, subject to pe-
riodic fluctuations. These fluctuations have been interpreted 
as changes in humidity levels, distinguished by Phillips and 
Peppers (1984), DiMichele and Phillips (2009), DiMichele 
et al., (2010) and DiMichele (2014). 

Five climatic phases have been identified, two of which 
represent relatively dry intervals. The Early Pennsylvanian 
(Bashkirian) climate was moderately humid. This was fol-
lowed by the first dry phase in the late Bashkirian to middle 
Moscovian. At the end of the Moscovian, the humidity rap-
idly increased, reaching a peak that was much more humid 

than at the onset of the Bashkirian. A rapid drying occurred 
in the early Late Pennsylvanian (Kasimovian), leading to 
an extended arid period known as the second dry phase. 
This drying was more pronounced than the earlier event and  
lasted throughout the Kasimovian, concluding with a re-
turn to a more humid climate in the Gzhelian (Phillips and  
Peppers, 1984).

The procedure applied in this study involved estimating 
the composition of parent floras, based on the identified mi-
ospore assemblages and known biological affinities. Using 
the inferred proportional composition of these communities, 
a detailed analysis of environmental conditions and their 
temporal variability was carried out. This interpretation was 
further supported by palynofacies observations, which ena-
bled a more refined reconstruction of past ecosystems and 
their dynamics.

Record of the parent floras in the miospore assemblages 
from the Biały Kamień Formation

Samples for palynological studies of rocks of the Biały 
Kamień Formation were collected from the surface expo-
sures within the WSB (Fig. 1B). They were taken from mud-
stones, siltstones and coal layers, occurring as intercalations 
within conglomerates and coarse-grained sandstones, ex-
posed along the disused railway line between the former  
Biały Kamień station towards the south to the boundary 
with the Žacléř Formation (Fig. 1B). 

All analyzed samples contained miospores, representing 
lycopsids, sphenopsids and ferns, although their relative 
abundances varied (Fig. 3). In the case of outcrop A′, from 
which two samples were analyzed, a similar composition of 
the miospore assemblage was observed, but lycopsid mio-
spores were more abundant, which made up an average of 
50% of the total miospore assemblage. 

Fern miospores were also a significant component, rang-
ing from 16% to 19%, while sphenopsid miospores account-
ed for up to 14%. In sample A′2, cordaitalean pollen grains 
were recorded, but their contribution did not exceed 1%, 
indicating only an accessory presence. In outcrop A, from 
which three samples were studied, lycopsid miospores 
were predominant, comprising an average of 42% of the 
total miospore assemblage. These samples also contained 
sphenopsid miospores, ranging from 14% to 37% and fern 
miospores, which accounted for 13% to 30%. No cordaital-
ean pollen grains were recorded there. Comparison of the 
miospore assemblages from three samples at outcrop B 
with those from previous sites shows that lycopsid and 
sphenopsid miospores still were abundant groups. Lycop-
sid miospores comprised 25% to 49% of the assemblages, 
while sphenopsid miospores ranged from 19% to 31%. Fern 
miospores accounted for 15% to 19%, indicating a signifi-
cant but not predominant presence. Cordaitalean miospores 
were present in sample B2, but again did not exceed 1%, 
suggesting a marginal role of these plants in the local vege-
tation. Two samples from outcrop C revealed miospore as-
semblages, indicating a floral composition similar to that of 
other sites. Lycopsid miospores predominated, constituting 
approximately 45% of the total miospore content, followed 
by sphenopsids (averaging 17%) and ferns (around 21%).  
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No cordaitalean miospores were observed. Miospore as-
semblages from outcrop D1, based on three samples, showed 
compositional diversity. Lycopsid miospores were predom-
inant, comprising up to 48% of the assemblage. Sphenopsid 
miospores were also present, averaging 19%, while fern mi-
ospores accounted for approximately 12%. No cordaitalean 
pollen was detected. In outcrop D2, lycopsid miospores were 
again predominant (47% of the total), while sphenopsid mi-
ospores accounted for 19% and fern miospores contributed 
approximately 16%. In the samples from this outcrop, mi-
ospores of unknown botanical affinity accounted for 13%. 
Cordaitalean pollen grains were absent. Outcrop J was al-
so dominated by lycopsid miospores, averaging 44%. Fern 
miospores reached up to 18%, while sphenopsid miospores 
did not exceed 16%. In sample J1, cordaitalean pollen grains 
were recorded but remained below 1%. In the samples from 

outcrop I, the most abundant miospores were produced by 
lycopsid (up to 46%) and sphenopsid (up to 44%). Fern 
miospores did not exceed 16%. Cordaitalean pollen grains 
were found only in sample I1, represented by a few grains. 
The miospore assemblage in sample L was dominated by 
fern and lycopsid miospores, each accounting for over 30% 
of the total. In contrast, assemblages from site M differed 
noticeably, with high proportions of sphenopsid and lycop-
sid miospores (36% each), while fern miospores comprised 
only 10%. Cordaitalean pollen grains were not recorded in 
any of the samples from site M.

Palynostratigraphic analysis of these rocks indicated that 
they belong to two miospore zones: Crassispora kosankei 
– Grumosisporites varioreticulatus (KV) and Raistrickia  
fulva – Reticulatisporites reticulatus (FR), correspond-
ing to the Bashkirian or interval from the upper part of the 

Fig. 3.	 Proportions of individual plant groups in the studied samples. * – taxa with a very minor contribution are grouped under  
“Others”; the grouping reflects botanical relationships, as presented in Table 1.



236 A. MAĆKO & A. GÓRECKA-NOWAK

Namurian A to the Namurian C (Owens et al., 2004). Ac-
cording to the British subdivision, this interval covers the 
upper part of the Alportian, Kinderscoutian, Marsdenian 
and Yeadonian (Maćko and Górecka-Nowak, 2024)

Results of the palynofacies analysis of the Biały Kamień 
Formation and their palaeoecological significance

Palynofacies observations made for rocks of the Biały 
Kamień Formation from the WSB revealed that the paly-
nological material in all examined samples was dominated 
by phytoclasts among which abundant miospores occurred, 
consisting of up to 10% of the material. The amorphous or-
ganic matter (AOM) was recorded in small amounts and 
zooclasts were absent. The phytoclasts were mostly opaque, 
less frequently transparent. Brown phytoclasts were wood 
fragments with a rectangular outline or had corroded out-
lines (Fig. 4).

Fluorescent cuticles were also observed, although in lim-
ited numbers. The use of fluorescence enabled a more pre-
cise assessment of the amount of amorphous organic matter 
(AOM), revealing that its rare and small clusters consisted 
of aggregates of fluorescent and non-fluorescent palyno-
clasts and palynomorphs with only minimal amounts of true 
AOM. The composition of the individual components of 
the palynological material indicates that the studied rocks 
of the Biały Kamień Formation belong to a single palyno-
facies type (Fig. 5), corresponding to a fluvial environment, 
according to Tyson’s (1995) APP diagram. These results 
correlate well with the sedimentological characteristics of 

the Biały Kamień Formation rocks, which were deposited in  
a complex fluvial system (Kurowski, 1998). 

THE COMPOSITION OF VEGETATION 
BASED ON MIOSPORE ASSEMBLAGES 

FROM THE SERPUKHOVIAN  
TO THE MOSCOVIAN OF THE ISB

Serpukhovian and early Bashkirian (Namurian A)

The Serpukhovian (Namurian A) palynological data de-
rived from the Wałbrzych Formation, outcropping in the 
WSB. Samples of mudstones, claystones and coal, probably 
seam number 678, were studied (Górecka-Nowak and Ma-
jewska, 2002; Górecka-Nowak et al., 2021). This formation 
was included in two miospore zones: Mooreisporites trigal-
lerus – Rotaspora knoxi (TK) and Lycospora subtriquetra 
– Kraeuselisporites ornatus (SO) according to Owens et al. 
(2004). The results of the palaeoenvironmental interpreta-
tion, based on miospore assemblages and palynofacies data, 
are presented in the paper by Górecka-Nowak and Majews-
ka (2003). In this paper, the authors cited these data to anal-
yse the composition of vegetation recorded in them, as well 
as its variability over time (Fig. 6). 

Samples from the TK and SO zones show a diversified 
composition of miospore assemblages, reflecting com-
plex interactions between environmental and climatic fac-
tors. The average content of lycopsids in the vegetation is 
relatively low and is barely a little over 30%. The more 
abundant group were arborescent lycopsids, mainly lepi-
dodendrids, but also Sigillaria, constituting about 25% of 
the flora, suggesting that these plants formed a notable, yet 
variable, component of the vegetation, most likely respond-
ing to both local habitat changes and broader climatic shifts.  
The remaining lycopsids, sub-arborescent and/or herba-
ceous, were present in small numbers. Sphenopsids were  
a stable and quantitatively important part of the vegetation, 
occurring in an amount of about 20%. Ferns occur consis- 
tently and their cumulative abundance averages 26%, in-
cluding about 5% from seed ferns. This composition sug-
gests the presence of varied ecological niches and indicates 
that ferns were a major component of the regional flora, res- 
ponding to both depositional setting and climate variabi- 
lity. A significant part of the vegetation, about 15%, has an 
undefined botanical affiliation. The fluctuating abundance 
of different floristic groups supports the interpretation of  
a dynamic environment, influenced by both sedimentary 
and climatic drivers.

Palynofacies observations by Górecka-Nowak and Ma-
jewska (2003) demonstrated that palynological material 
from the TK and SO zones is composed predominantly of 
phytoclasts and miospores with occasional zooclasts (show-
ing spongy textures and spines) and no amorphous organic 
matter. This composition supports deposition in a fluvially 
dominated setting. Importantly, the analysis of coal seam 
678 reveals a sedimentary succession from crevasse splay 
deposits, through floodplain environments to peatland, tran-
sitioning from a mixed to rheotrophic mire as the water 
table rose. These findings highlight a clear environmental 

Fig. 4.	 General view of palynofacies. A. View under transmit-
ted light. B. View under UV fluorescence light (10x, λ = 380 nm). 
The palynofacies is dominated by translucent and opaque phyto-
clasts with single palynomorphs or fragments of them and only 
a small amount of amorphous organic matter (AOM). Sample A2 
from exposure A in the Biały Kamień Formation profile along the 
abandoned railway line at Wałbrzych (Fig. 1B).
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Fig. 6.	 Distribution of plant groups within the chronostratigraphic framework and corresponding miospore zones. 

Fig. 5.	 Positions of the analyzed samples from the Biały Kamień Formation on Tyson’s APP triangle (Tyson, 1995).
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succession, but when interpreted alongside palynological 
changes, they also reveal that the evolution of floral assem-
blages was shaped by both local hydrological processes and 
broader climatic trends. The observed variability in vegeta-
tion thus results from the superposition of depositional setting 
dynamics and climatic fluctuations, underscoring the need to 
interpret miospore data in the context of both factors.

Bashkirian (latest Namurian A, Namurian B  
and Namurian C)

The majority of the Bashkirian palynological data, de-
rived from the Biały Kamień Formation, belonged to two 
miospore zones: Crassispora kosankei – Grumosisporites 
varioreticulatus (KV; samples from sites I, L, M described 
above) and Raistrickia fulva – Reticulatisporites reticulatus 
(FR; samples from sites A’, A, B, C, D1, D2, J), distinguished 
by Maćko and Górecka-Nowak (2024). The combined mi-
ospore assemblage from the KV and FR zones shows a 
relatively stable composition, with only minor differences 
between the two. Arborescent lycopsid spores are the pre-
dominant group, with an average abundance of 38%, indi-
cating their leading role in local vegetation throughout the 
deposition of both zones. Herbaceous and/or sub-arbores-
cent lycopsid spores are rare, averaging around 3%. Sphe-
nopsid spores are also common, accounting for 27% on 
average, suggesting their consistent presence in the palae-
ovegetation. Fern spores represent 20% of the assemblage 
and were an important component of the plant communi-
ties. Gymnosperm spores are nearly absent with a combined 
average of less than 1%. Miospores of unknown botanical 
affinity make up approximately 11% of the assemblage. This 
relatively uniform composition suggests that the structure of 
the vegetation remained broadly stable over time with on-
ly gradual shifts in dominance between major plant groups. 
The minor increase in fern and herbaceous lycopsid spores 
in the younger FR zone may reflect a subtle change in en-
vironmental conditions, possibly linked to a transition to-
wards slightly drier habitats.

Late Bashkirian (Westphalian A)

The late Bashkirian (Westphalian A) palynologic data 
were obtained from the borehole section of Grzędy IG-1, 
where two miospore zones of this age were distinguished 
(Górecka-Nowak, 1995). The Cirratriradites saturni – Triq-
uitrites sinani (SS) miospore zone was recorded in rocks re-
ferable to the Biały Kamień Formation at the depth interval 
1,705.5–1,719.8 m, and miospore zone Radiizonates aliger-
ens (RA) was distinguished in the lower part of the profile 
of the Žacléř Formation at depth interval 1,290.0–1,672.3 m.

The late Bashkirian rocks exhibited a higher abundance 
of the lepidodendrids in the original plant communities, 
although the genus Sigillaria occurred sporadically and in 
low quantities. Together, arborescent lycopsids constitute 
an average of 40% of the vegetation of this zone and this 
is significantly more, compared to older communities. The 
amount of lycopsids was enlarged by sub-arborescent and/
or herbaceous lycopsids, which occurred by a dozen per-
cent. The sphenopsids form a constant but minor component 

of the flora with an average contribution of only 5%. The 
seed ferns are an important component, and its content 
reaches 27% and other groups of ferns account for about 
10% of the community. Cordaites and conifers are very rare, 
and plants of unknown affinity constitute approximately 7% 
of the vegetation.

Moscovian (Westphalian B and Westphalian C)

The Moscovian palynologic data were obtained from the 
Grzędy IG-1 borehole section, where two miospore zones: 
Microreticulatisporites nobilis – Florinites junior (NJ) and 
Torispora securis – Torispora laevigata (SL) were docu-
mented at depths of 1,088.8–1,232.4 m and 803.1–1,063.0 m 
respectively.

The Moscovian communities of parent plants does not 
show a clear dominance of any single floristic group. The 
content of arborescent lycopsids is really low. They are 
mainly lepidodendrids, the amount of which does not ex-
ceed 30% and herbaceous and/or sub-arborescent lycopsids 
co-occur with them, reaching a content of approximately 
10%, just like the sphenopsids. The most abundant group 
of plants were seed ferns, in content exceeding 30% and the 
amount of other groups of ferns was about a dozen percent. 
Cordaites and conifers occur in low amounts but are stable 
components of the vegetation, where only a couple of per-
cent are plants of unknown affinity.

DISCUSSION

The analysis of the composition of parent vegetation, re-
constructed from the miospore assemblages from the Biały 
Kamień Formation, taking account their ecological prefer-
ences and supplemented with literature-based data from the 
Wałbrzych and Žacléř formations, enabled the investigation 
of temporal changes in vegetation over a relatively long time 
interval, from the Serpukhovian to the Moscovian. These 
changes may be compared with the palaeoclimatic model, 
proposed by Phillips and Peppers (1984), which attributes 
floristic shifts in the Pennsylvanian to humidity fluctuations 
within a persistently tropical climate. Wetter intervals pro-
moted the expansion of lycopsids and sphenopsids, whereas 
drier phases contributed to their decline and were accom-
panied by an increased presence of ferns and cordaitaleans. 
The vegetation changes in ISB can thus be interpreted in the 
context of palaeoclimatic trends. Although the Phillips and 
Peppers (1984) model was designed for the Bashkirian and 
younger intervals, the present authors have extended this 
approach to include the Serpukhovian communities, based 
on miospore data from the Wałbrzych Formation. This al-
lows for a broader temporal framework for palaeoclimatic 
interpretation in the ISB. 

In the diverse floras of the Serpukhovian and early Bash-
kirian, the relatively low lycopsid abundance and moder-
ate presence of sphenopsids suggest lower humidity. The 
proportion of lycopsids during this interval is comparable 
to that observed in the Moscovian, a period identified by 
Phillips and Peppers (1984) as the First Dry Interval, imply-
ing that similarly dry climatic conditions prevailed in the 
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Serpukhovian of the ISB. The Bashkirian shows a trend to-
ward increasing lycopsid and sphenopsid abundance. This 
trend, continuing through most of the Bashkirian, can be 
interpreted as evidence of gradually increasing humidity 
(Phillips and Peppers, 1984). These conditions reflect a hu-
mid setting with episodic hydrological changes, promoting 
mire development. The peak of this humid phase occurred 
in the late Bashkirian, when lycopsids reached their maxi-
mum abundance and largely displaced sphenopsids in wet 
habitats. At the same time, ferns (especially seed ferns) be-
came increasingly significant, driven by both ecological and 
evolutionary factors. From the Bashkirian onward, gymno-
sperms are consistently present in the floras, and their abun-
dance steadily increases over time. The observed floristic 
shifts suggest that the late Bashkirian marked a phase of 
maximum humidity, which corresponds to the wet interval, 
defined by Phillips and Peppers (1984) in that time.

Following this peak, the vegetation composition shifted, 
and in the Moscovian, lycopsid abundance declined sub-
stantially. This reflects a transformation of the ecosystems, 
with a reduction in mire taxa and increasing importance 
of plants adapted to variable water regimes, mainly ferns 
(~50% of the flora), sphenopsids, and low-abundance gym-
nosperms. These trends suggest a gradual lowering of the 
water table and a transition to drier conditions. Although 
cordaitaleans remained rare, the floristic changes indicate in-
creasing aridity, consistent with the onset of the First Dry In-
terval. During the Moscovian, the decline in both arborescent 
and herbaceous lycopsids continued, along with an increasing 
dominance of ferns, indicating progressive drying of the envi-
ronment and development of the dry interval. These floristic 
dynamics closely align with the Phillips and Peppers (1984) 
model, supporting the cyclic nature of Carboniferous palaeo-
environmental changes and demonstrating that global climate 
fluctuations are reflected in the vegetation history of the ISB. 
The compositional similarity between the Serpukhovian and 
Moscovian assemblages is of particular interest, especially in 
terms of lycopsid abundance. This supports the interpretation 
of a similarly low-humidity climate in both intervals. 

In addition, the floristic data from the Serpukhovian and 
Bashkirian in the ISB provide insight into the longstand-
ing debate over the so-called “floristic leap”. This concept, 
widely discussed in older German and Polish palaeobo-
tanical and stratigraphic literature after Gothan and Gropp 
(1933), refers to a hypothesized abrupt shift in vegetation 
composition at the early - late Namurian boundary, attribut-
ed to climatic change or a stratigraphic gap. To evaluate 
this hypothesis, the present authors analyzed both miospore 
records and the composition of parent vegetation commu-
nities. If a “floristic leap” had indeed occurred, it should 
be evident in the miospore record. However, all analyzed as-
semblages from the Wałbrzych and Biały Kamień formations 
consistently include the same floristic groups, though repre-
sented in different relative abundances. The observed compo-
sitional changes are progressive and continuous rather than 
sudden, challenging the notion of a discrete floristic turnover 
during the deposition of these lithostratigraphic units. 

Although the data are strong, their interpretation should 
still take into account differences in how well the materi-
al is documented and some simplified methods, used in the 

analysis. Górecka (1969) reached similar conclusions, find-
ing no signs of a sudden change in vegetation within the 
Biały Kamień Formation. Instead, she observed a steady 
and gradual transformation. More recent palynostratigraph-
ic studies of the Wałbrzych and Biały Kamień formations 
(Górecka-Nowak et al., 2021; Maćko and Górecka-Nowak, 
2024) confirm that there is no stratigraphic gap in the Na-
murian deposits. This supports the view that vegetation 
changed gradually over time and challenges the idea of a 
rapid, large-scale “floristic leap”. Similar observations ap-
ply to the Upper Silesian Coal Basin (USCB), where abrupt 
disappearances of macrofloral taxa at the transition from 
paralic to limnic facies were locally observed. These chang-
es were interpreted as a “floral leap” and evidence for a dep-
ositional hiatus (Kotas, 1995). However, as in the ISB, the 
miospore records from the USCB (Oliwkiewicz-Miklasińs-
ka, 2001) do not support the hypothesis of a sudden floristic 
turnover or stratigraphic gap.

CONCLUSIONS

Vegetation changes in the ISB from the Serpukhovian to 
the Moscovian were closely correlated with humidity fluc-
tuations within a persistently tropical climate. They may be 
correlated with the model of palaeoclimatic changes of Phil-
lips and Peppers (1984), which covers the interval from the 
Bashkirian to Moscovian. The composition of vegetation in 
the Serpukhovian corresponds closely to that recorded in the 
Moscovian. In both of these communities, the main feature 
is low lycopsid abundance, indicating relatively dry palae-
oclimatic conditions. In contrast, the Bashkirian records a 
gradual increase in lycopsids and sphenopsids, peaking in 
the late Bashkirian during the maximum humidity phase. 
This was followed in the Moscovian by a marked decline 
in lycopsids and a shift toward fern dominance, reflecting a 
transition to a drier climate, associated with the First Dry In-
terval distinguished by Phillips and Peppers (1984). Neither 
analysis of the composition of miospore assemblages nor 
parent plant communities confirm any sharp change in veg-
etation in the Sepukhovian and early Bashkhirian that could 
correspond to a “floristic leap”. Recent palynostratigraphic 
studies also contradict the opinion on the stratigraphic gap, 
with which the “floristic leap” was supposed to be connect-
ed. Results of studies by the present authors confirm the 
cyclic nature of Carboniferous palaeoclimate changes, their 
global range and their distinct manifestation in the vegeta-
tion history of the ISB.
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