
Geo log i cal Quar terly, 2024, 68, 32 
DOI: http://dx.doi.org/10.7306/gq.1760

New palynostratigraphic data from the Namurian Bia³y Kamieñ For ma tion 
in the north ern part of the Intra-Sudetic Ba sin (SW Po land)

Adrianna MAÆKO1, * and Anna GÓRECKA-NOWAK2 

1 Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute, Lower Silesian Branch of Henryk Teisseyre in Wroc³aw,
Jaworowa 19, 53-122 Wroc³aw, Po land; ORCID: 0000-0002-2693-4114 

2 Uni ver sity of Wroc³aw, In sti tute of Geo log i cal Sci ences, Cybulskiego 30, 50-205 Wroc³aw, Po land; ORCID:
0000-0002-1731-7261

Maæko, A., Górecka-Nowak, A., 2024. New miospore data from the Namurian Bia³y Kamieñ For ma tion in the north ern part of
the Intra-Sudetic Ba sin (SW Po land). Geo log i cal Quar terly, 2024, 32; http://doi.org/10.7306/gq.1760 

As so ci ate Ed i tor: MichaÓ Zatoñ

Palynostratigraphic stud ies of the Car bon if er ous strata of the Bia³y Kamieñ For ma tion, out crop ping in the north ern part of the 
Intra-Sudetic Ba sin, are re ported. This for ma tion had been ear lier as signed to the Up per Namurian and Lower Westphalian A 
on the ba sis of macrofloral and palynological data (Gothan and Gropp, 1933; Górecka, 1969) but these re sults needed
check ing against the mod ern in ter na tional miospore zonation. We de scribed many tax o nom i cally di verse miospore as sem -
blages from these rocks, which al lowed to in clude them into two miospore zones, of Crassispora kosankei–Grumosisporites
varioreticulatus (KV) and Raistrickia fulva–Reticulatisporites reticulatus (FR). These zones are cor re lated with part of the in -
ter val from the up per part of the Namurian A up to the Namurian C. The miospore zone Cirratriradites saturni–Triquitrites
sinani (SS), iden ti fied by Górecka-Nowak (1987, 1995) from the Grzêdy IG 1 bore hole, ex tends the age range of the Bia³y
Kamieñ For ma tion from Upper Namurian A to Lower Westphalian A. The doc u men ta tion of these zones to gether with pre vi -
ous re sults of palynostratigraphic stud ies of the un der ly ing Wa³brzych For ma tion cor rob o rates the re cord of miospore zones
of the Serpukhovian and Bashkirian in the Intra-Sudetic Car bon if er ous and sug gests that there is no strati graphic gap be -
tween the Wa³brzych and the Bia³y Kamieñ for ma tions.
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INTRODUCTION

The palynological stud ies we de scribe were un der taken in
re sponse to the need to com ple ment the geo log i cal ex plo ra tion
of the Bia³y Kamieñ For ma tion in the Intra-Sudetic Ba sin with
the re sults of mod ern biostratigraphic stud ies. This geo log i cal
unit rep re sents the most com plete pro file of the Car bon if er ous
rocks in the en tire Sudetes, con sti tut ing a re cord of the geo log i -
cal pro cesses tak ing place at that time. It com prises thick
siliciclastic rocks, in some places coal-bear ing, mostly of ter res -
trial or i gin, within which a num ber of in for mal lithostratigraphic
units have been dis tin guished.

These rocks have been pre vi ously stud ied, but with in suf fi -
cient biostratigraphic doc u men ta tion (Bossowski et al., 1995).
Ini tial strati graphic stud ies were based on ob ser va tions of litho -

lo gical changes and thick ness as well as on poorly pre served
macrofossils (Bossowski et al., 1995). How ever, palynostrati -
graphy turned out to be the most pre cise biostratigraphic tool for 
the Intra-Sudetic Car bon if er ous, for rocks of both ter res trial and
ma rine or i gin.

Stud ies us ing this method in the Intra-Sudetic Ba sin be gan
in the 1960s and have so far con cerned rocks of two coal-bear -
ing for ma tions – the Wa³brzych and the Žacler for ma tions,
dated by Krawczyñska-Grocholska (1966), Górecka-Nowak
(1995), Górecka-Nowak and Ma je wska (2002, 2003) and
Górecka - Nowak et al. (2021). The Glinik and Ludwikowice for -
ma tions, com posed mainly of red dish-brown and var ie gated
rocks, have mostly poor palynological doc u men ta tion. This co -
mes mainly from grey-col oured mudstones and claystones in
the up per part of the Ludwikowice For ma tion. The con clu sions
from palynostratigraphic stud ies con ducted by Górecka (1981)
and Jerzykiewicz (1987) are dif fer ent and the palynostratigrahy
of the Carboniferous/Permian bound ary in Sudetes is still the
sub ject of dis cus sion.

The re main ing parts of the Intra-Sudetic Car bon if er ous pro -
file do not have mod ern palynological doc u men ta tion and there -
fore lack pre cise dat ing. These are: the Mis sis sip pian Stare
Bogaczowice and Lubomin for ma tions as well as the Bia³y
Kamieñ For ma tion be long ing to the Penn syl va nian. The rocks
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of the lat ter for ma tion were palynological stud ied in the 1960s,
but not to mod ern stan dards. A turn ing point in Car bon if er ous
palynostratigraphy was in tro duc tion of a miospore zonation, ini -
tially for western Eu rope (Clay ton et al., 1977), that later, slightly 
re vised, was ex tended to central Eu rope (Owens et al., 2004). It 
re mains the stan dard, and re sults of prior palyno stratigraphic
re search, such as from the Bia³y Kamieñ For ma tion, are dif fi cult 
to re in ter pret and usu ally need re peat ing. 

A new phase of palynostratigraphic stud ies of the Bia³y
Kamieñ For ma tion has been car ried out at the De part ment of
Stra tig ra phy of the In sti tute of Geo log i cal Sci ences (Uni ver -
sity of Wroc³aw). The re sults of this re search and its in ter pre -
ta tion are in cluded in the doc toral the sis of the first of the
co-au thors (Maæko, 2023), the sec ond co-au thor be ing the
the sis su per vi sor.

GEOLOGICAL SETTING

The Intra-Sudetic Ba sin is lo cated on the north ern pe riph ery 
of the Bo he mian Mas sif and most of its area lies in Po land, with
only the south west ern wing in  the Czech Re pub lic (Fig. 1). The
ba sin is ~70 km long and ~35 km wide with mainly fault bound -
aries and an axis in the NW–SE di rec tion.

A suc ces sion of Car bon if er ous sed i men tary and vol ca nic
rocks, whose thick ness is es ti mated at 12,000 metres, oc curs
in the Intra-Sudetic Ba sin (Nemec et al., 1982; Bossowski et al., 
1995). It is dom i nated by coarse-grained clastic ter res trial rocks 
as so ci ated with clastic rocks of ma rine or i gin and vol ca nic
rocks.

These rocks rep re sent the Mis sis sip pian and Penn syl va -
nian and plac ing con straints on their strati graphic level de pends 
on fos sils. The thick Mis sis sip pian strata con tain nu mer ous ma -
rine fos sils in the higher part of the pro file, i.e. in the Szczawno
For ma tion, which was re garded as Up per Visean on this ba sis
(¯akowa, 1958, 1963). Rocks ly ing be low, also sev eral thou -
sand metres thick, do not con tain macrofossils, and were as -
signed to the Tournaisian and Visean, though older than Up per
Visean (Teisseyre, 1958, 1961, 1975; ̄ akowa, 1963; Nemec et 
al., 1982; Bossowski et al., 1995). The re sults of later palyno -
logical stud ies al lowed strati graphic re vi sion of the Mis sis sip -
pian suc ces sion in this ba sin. Palynostratigraphic stud ies of the
old est Car bon if er ous rocks showed that the on set of the sed i -
men ta tion was not ear lier than the Mid dle Visean (Turnau et al., 
2002). Górecka-Nowak et al. (2021) paly no logi cal ly dated rocks 
of ma rine or i gin in the up per part of the Szczawno For ma tion,
pre vi ously con sid ered as Up per Visean, which turned out to
rep re sent the low est Serpukhovian. The Penn syl va nian rocks
in the Intra-Sudetic Ba sin com prise thick suc ces sions of clastic
rocks, usu ally grey, lo cally with in ter ca la tions and seams of bi -
tu mi nous coal. Its up per part con sists of red dish-brown
siliciclastic rocks.

THE BIA£Y KAMIEÑ FORMATION
IN THE WA£BRZYCH BASIN

The Bia³y Kamieñ For ma tion is one of the Penn syl va nian
Intra-Sudetic for ma tions oc cur ring be tween two coal-bear ing
lithostratigraphic units: the Wa³brzych and the Žacler for ma -
tions. The Bia³y Kamieñ For ma tion is a suc ces sion of clastic
rocks of var ied li thol ogy, dom i nated by me dium- and coarse-
 grained orthoconglomerates, which con sti tute over half of this

unit. Lithic sand stones and sublithic arenites ex ceed 40% of its
con tent and are ac com pa nied by fine-grained rocks with thin
coal in ter ca la tions (Kurowski, 1998). This for ma tion ex tends
across the north ern part of the ba sin, from the vi cin ity of
G³uszyca in the east, through Jedlina Zdrój, Wa³brzych, Ka -
mienna Góra (Ptaszków, Jaczków, Borówno), to the vi cin ity of
Szczepanów in the west. The thick ness of the for ma tion var ies
from 100 m in the north ern and west ern parts to nearly 400 m in
the south east ern part. Kurowski (1998) dis tin guished two litho -
facies within it. A coarse-grained lithofacies cor re sponds to
chan nel sed i ments. A sec ond lithofacies is rep re sented by
mudstones and coaly shales and cor re sponds to sed i ments ac -
cu mu lat ing on a floodplain. There are two thin coal beds in the
suc ces sion, cor re spond ing to seams num ber 549 and 550 in
the min ing no men cla ture, but hav ing no in dus trial sig nif i cance
(Fig. 2).

PREVIOUS WORK ON BIOSTRATIGRAPHY
OF THE BIA£Y KAMIEÑ FORMATION

Pre vi ous biostratigraphic stud ies were not able to clearly
con strain the age of the Bia³y Kamieñ For ma tion. Macrofloral
stud ies by Gothan and Gropp (1933) in di cated that these rocks
be long to the Up per Namurian and Lower Westphalian A.
Palynological stud ies car ried out in the 1960s, be fore the Car -
bon if er ous miospore zonation scheme for West ern Eu rope was
es tab lished (Clay ton et al., 1977), placed this for ma tion in the
in ter val from the Up per Namurian B to the Lower Westphalian A 
(Górecka, 1969). Rocks of the up per most Bia³y Kamieñ For ma -
tion, pen e trated by the deep bore hole Grzêdy IG 1, were sub se -
quently in cluded in the old est Westphalian miospore zone,
Cirratriradites saturni–Triquitrites sinani (SS), rep re sent ing the
Lower Westphalian A (Langsettian) (Górecka-Nowak, 1987,
1995). This re sult agreed with pre vi ous age es ti mates of the top 
part of the Bia³y Kamieñ For ma tion by Gothan and Gropp
(1933) and Górecka (1968, 1969). In this pa per, we de scribe
new palynostratigraphic stud ies of Bia³y Kamieñ For ma tion.

An ad di tional con tro versy re lated to the bound ary be tween
the Wa³brzych and the Bia³y Kamieñ for ma tions. Early ge ol o -
gists had sug gested a strati graphic gap be tween these for ma -
tions, with an gu lar un con formity (Bubnoff, 1924; Berg, 1925;
Schober, 1933, vide: Górecka, 1968, 1969). The main rea son
cited for this dis cor dance was a tec tonic phase said to cause
up lift of the north west ern part of the Intra-Sudetic Ba sin (Dathe 
and Petrascheck 1892; Schober 1933; Berg 1938, vide: Góre -
cka, 1969; Grocholski 1960). Later, Grocholski (1960, 1963,
1965, 1974, 1981) and Augustyniak and Gro cholski (1968)
agreed that an ero sional un con formity was pres ent at the
boun d ary be tween these two for ma tions. Kuro wski (1998),
though, con nected the oc cur rence of lo cal gaps with the vari -
abil ity of the al lu vial en vi ron ment in which the Bia³y Kamieñ
For ma tion was formed. In turn, Dziedzic (1960, 1961, 1971)
ex plained the pres ence of a small an gu lar un con formity at the
bound ary be tween the Wa³brzych and Bia³y Kamieñ for ma -
tions with un even sub si dence of the ba sin bot tom rather than
with el e va tion of this area. Górecka (1962, 1964, 1969) sup -
ported the view of con tin u ous de po si tion and of the ab sence of 
a strati graphic gap. Nemec (1984) con sid ered that the de po si -
tion of the Bia³y Kamieñ For ma tion in the vi cin ity of Wa³brzych
was the re sult of a strong and sud den di a strophic im pulse and
as sumed that this phe nom e non could be be re lated to the de -
vel op ment of dis cor dance.
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MATERIAL AND METHODS

The field work was car ried out across the whole out crop of
the Bia³y Kamieñ For ma tion in the northwest ern part of the
Intra-Sudetic Ba sin (Fig. 1B) and was fo cused on sam pling

rocks at sur face ex po sures. As the fine-grained rocks most use -
ful for palynological stud ies are rel a tively rare there, sam ples for 
these stud ies were taken only in the Wa³brzych Sub- Ba sin, lo -
cated in the north ern part of the Intra-Sudetic Ba sin, where in -
ter ca la tions of fine-grained rocks and coal oc cur. Away from the 
Wa³brzych Sub-Ba sin, the for ma tion con sists of coarse- grained 
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Fig. 1. Sim pli fied geo log i cal map of Pol ish part of the Intra-Sudetic Ba sin 
(based on Sawicki, 1967, mod i fied)



rocks. Sam ples were taken in a pro file ex tend ing along the dis -
used rail way line from the Bia³y Kamieñ sta tion south wards,
along the east ern bor der of the Che³miec mas sif. Twenty-nine
sam ples were col lected from 11 ex po sures (Fig. 1B: A–M). De -
pend ing on the avail abil ity of fine-grained rocks: 

1 – sam ple was col lected from ex po sure D2, L; 
2 – sam ples from ex po sures A’, C, M; 
3 – sam ples from: A, B, D1, J3;
4 – sam ples from I; 
5 –  sam ples from ex po sure K. 
All sam ples ex cept those from site K were pro duc tive.
Pro to cols based on the use of strong ac ids adapted to the

na ture of the ma te rial col lected were ap plied dur ing sam ple
prep a ra tion for the palynological stud ies (Bercovici and Velle -
koop, 2017; Rid ing, 2021). Ap prox i mately 20 grams of rock was 
used for chem i cal mac er a tion, and the re main ing part of the
sam ple con sti tuted an ar chi val sam ple. First, the sam ple was
cleaned from sur face dirt by scrub bing it un der a stream of wa -

ter and dry ing in a lab o ra tory dryer. Then, each sam ple was
crushed and ground in a mor tar to 0.5–1 mm in size, and then
placed in a plas tic con tainer. The sam ples so pre pared were
flooded with 20% hy dro chlo ric acid to elim i nate car bon ates,
though none of the mac er ated sam ples re acted with this acid.
Then, the wa ter-rinsed ma te rial was sub jected to 40% hy dro flu -
oric acid, dis solv ing sil ica, sil i cates, aluminosilicates and
sulphides, in a highly exo ther mic re ac tion re quir ing fre quent
stir ring. For mudstone sam ples, this re ac tion took sev eral days,
and up to a week for car bo na ceous shales. The mix ture was
then di luted with wa ter and washed sev eral times, and then the
wa ter was evap o rated in a steam bath. The sam ple was then
sub jected to the Schulze ox i da tion pro cess, be ing flooded with
65% ni tric acid while po tas sium chlo rate (KClO3) in dry form
was used as a sec ond ox i dant. This re ac tion was strong and
lasted up to an hour. Then the sam ple was sieved in an ul tra -
sonic bath through a 15 µm polyamide mesh. Next, mi cro scope
slides in gel a tin-glyc erin paste were made. In or der to de ter -
mine the miospores, mi cro scopic ob ser va tions were made in
trans mit ted light us ing a Nikon Alphaphot-2 YS2 bi o log i cal mi -
cro scope. Mi cro pho to graphs were taken us ing a Canon EOS
D200 dig i tal cam era. All ma te ri als and slides are stored at the
De part ment of Strati graphic Ge ol ogy, In sti tute of Geo log i cal
Sci ences, Uni ver sity of Wroc³aw.

RESULTS

The palynological stud ies re vealed the pres ence of abun -
dant palynological mat ter dom i nated by phytoclasts with nu mer -
ous miospores. 

The state of miospore pres er va tion was usu ally good or
very good, which al lowed their ac cu rate tax o nomic iden ti fi ca -
tion. Only the 5 sam ples from site K con tained uni formly black
palynological mat ter and miospores oc cur ring there were un -
rec og niz able. This is prob a bly a re sult of ther mal overmaturity,
prob a bly re lated to the lo ca tion of this site close to the Che³miec
Mas sif and just near to the fault.

The miospore as sem blages found in the sam ples stud ied
were nu mer ous and tax o nom i cally di verse. 198 miospore taxa,
rep re sent ing 56 gen era, were de ter mined. Most of the mio -
spore taxa iden ti fied are trilete while monolete miospores and
pol len grains were rare. The abun dant miospore data en abled
both qual i ta tive and quan ti ta tive anal y sis and their com pre hen -
sive in ter pre ta tion. Gen era com monly found in clude Calamo -
spora, Convolutispora, Crassispora, Cyclogranisporites, Den -
so spo rites, Granulatisporites, Lycospora, Punctatisporites,
Savitri s porites and Verrucosisporites. Lycospora and Calamo -
spora were the taxa with the high est fre quency in most of the
sam ples, their con tent reach ing 45%. Three gen era, Crassispo -
ra, Savitrisporites and Punctatisporites, were also con sis tently
pres ent and quan ti ta tively im por tant com po nents, the con tent
of each of these taxa oc ca sion ally ex ceed ing 15%. A group of
gen era were de ter mined from all or al most all stud ied sam ples,
but their con tent was usu ally low. This group in cludes Acantho -
triletes, Ahrensisporites, Cirratriradites, Convolutispora, Cyclo -
gra ni spo rites, Densosporites, Verrucosisporites, Bellispores,
Gru mo sisporites, Leiotriletes, Mooreisporites,  Raistrickia, Cor -
bulis pora, Discernisporites, Knoxisporites, Microreticulatispo -
rites, Neoraistrickia, Orbisporites, Simozonotriletes, Stenozo -
notriletes, Triquitrites and Tripartites. They oc curred as ac ces -
so ries, their con tent usu ally did not ex ceed a few per cent and
only ex cep tion ally it was higher than 5%.
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Fig. 2. Lithostratigraphy of Car bon if er ous rocks in the
Intra-Sudetic Ba sin (vide: Bossowski et al., 1995)
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PALYNOSTRATIGRAPHY

The com po si tion of the miospore as sem blages show a typ i -
cally Car bon if er ous char ac ter (Fig. 3). Among many long-lived
taxa, some stratigraphically im por tant spe cies were pres ent.
These are mainly spe cies em pha sized in the Car bon if er ous
miospore zonation scheme of west ern Eu rope (Clay ton et al.,
1977), later re vised and ex tended to cen tral Eu rope (Owens et
al., 2004). Their strati graphic ranges are well-known and their
oc cur rence en ables pre cise strati graphic in ter pre ta tion (Fig. 4).
The fol low ing taxa be long to this group: Apiculatisporis vario -
corneus, Bellispores nitidus, Cirratriradites saturni, Crassispora 
kosankei, Dictyotriletes bireticulatus, Dictyotriletes muricatus,
Grumosisporites varioreticulatus, Kraeuselisporites echinatus,
K. ornatus, Lycospora subtriquetra, Mooreispo rites trigallerus,
Raistrickia fulva, Punctatisporites sinuatus, Reticula tisporites
reticulatus, Stenozonotriletes triangulus and Triquitrites
bransonii. The anal y sis of the tax o nomic com po si tion of
miospore as sem blages from in di vid ual sites in di cates that they
can be di vided into two parts, as signed to two mio spore zones.

The oc cur rence of Raistrickia fulva, Crassispora kosankei
and Grumosisporites varioreticulatus at sites I, L and M, as well
as Triquitrites bransonii, which was pres ent in sites I and M, in -
di cate that the rocks stud ied from these sites should be in -
cluded in the Crassispora kosankei–Grumosisporites vario -
reticula tus (KV) miospore zone (Owens et al., 2004). Ad di tion -
ally, the oc cur rence of the spe cies Mooreisporites trigalle rus,

Lycospora subtriquerta, Apiculatisporis variocorneus and Cirra -
triradites saturni as so ci ated with them in the miospore as sem -
blages from these three sites clearly doc u ments the KV zone.
This zone is cor re lated to the up per part of the Alportian and
lower part of the Marsdenian in the Brit ish di vi sion and the up -
per most part of the Namurian A and lower to mid dle parts of the
Namurian B in the cen tral Eu ro pean di vi sion (Owens et al.,
2004). In sam ples from the re main ing sites – A', A, B, C, D1, D2
and J – the pres ence of the in dex taxa of the youn ger miospore
zone Raistrickia fulva–Reticulatisporites reticulatus (FR)
(Owens i in., 2004) was re corded. The bound ary be tween these 
zones is based on the oc cur rence of two im por tant taxa that ap -
pear for the first time in the lower part of the FR zone, namely
Dictyotriletes muricatus and Reticulatisporites reticulatus. The
be gin ning of their strati graphic ranges cor re sponds to the lower
part of the FR zone (Owens et al., 2004). The spe cies Dictyo -
triletes bireticulatus, which in the Owens et al. (2004) zonation
scheme ap pears slightly higher within the FR zone, was re -
corded at three of the sites of this study area. The three taxa
noted above are ac com pa nied by other im por tant spe cies:
Apiculatisporis variocorneus, Cirratriradites saturni, Crassis -
pora kosankei, Gumosisporites varioreticulatus, Kraeuselis po -
rites ornatus, Lycospora subtriquerta, Mooreisporites trigalle -
rus, Raistrickia fulva, Stenozonotriletes triangulus and Triquitri -
tes bransonii. They com ple ment the char ac ter is tics of the mio -
spore as sem blage of the Raistrickia fulva–Reticulatisporites
reticulatus (FR) zone, which cor rob o rates that the rocks in
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Fig. 3. Dis tri bu tion of stratigraphically im por tant miospore taxa

in the rocks stud ied from the Bia³y KamieÕ For ma tion
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Fig. 4. Mi cro pho to graphs of se lected miospores found in the rocks stud ied from the Bia³y Kamieñ For ma tion

A – Punctatisporites cf. sinuatus sam ple A1, slide A1-2, H32-2; B – Leiotriletes tumidus sam ple C1, slide C1-2, V33-1; C – Leiotriletes
sphaerotriangulus sam ple D2, slide D2-3, W20-1; D – Cyclogranisporites aureus sam ple B1, slide B1-1, T59-3; E – Verrucosisporites
verrucosus sam ple A2, slide A2-1; S4; F – Acanthotriletes echinatus sam ple A2, slide A2-2, C50-3; G – Acanthotriletes falcatus sam ple D1,
slide D1-M1-1, G24-9; H – Apiculatisporis variocorneus sam ple D1-M1, slide D1-M1-1, D12-3; I – Raistrickia fulva sam ple I3, slide I3-3, W37-2; J
– Dictyotriletes bireticulatus sam ple D1-M2, slide D1-M2-2, O18-2; K – Dictyotriletes castaneaformis sam ple A1, slide A1-1, T27-4; L –
Dictyotriletes muricatus sam ple A2’, slide A2’-4, E50-1; M – Ahrensisporites guerickei sam ple A2, slide A2-3, G44-2; N – Triquitrites bransonii
sam ple D1-M1, slide D1-M1-3, F36-3; O – Triquitrites trivalvis sam ple I3, slide I3-3, K27-1; P – Tripartites vetustus sam ple C1, slide C1-3, N29; Q
– Mooreisporites trigallerus sam ple B2, slide B2-3, J54-3; R – Stenozonotriletes triangulus sam ple C1, slide C1-1, W15; S – Reticulatisporites
carnosus sam ple Aœrd, slide Aœrd-3, X22; U – Reticulatisporites polygonalis sam ple C1, slide C1-2, W47; V – Savitrisporites nux sam ple A2,
slide A2-1II, L25-1; W – Bellispores nitidus sam ple A1, slide A1-2II, W28-4; X – Rotaspora knoxi sam ple A1, slide A1-2II, W29-3; Y –
Grumosisporites varioreticulatus sam ple C2, slide C2-2, G24; Z – Crassispora kosankei sam ple B1, slide B1-3, O30-2; A’ – Lycospora pusilla
sam ple C2, slide C2-1, J13-2; B’ – Cirratriradites saturni sam ple D2, slide D2-3, P50-4; C’ – Discernisporites micromanifestus sam ple B1, slide
B1-2, R50-4; D’ – Kraeuselisporites ornatus sam ple C1, slide C1-2, V55-2



ques tion rep re sent the up per part of the Marsdenian and
Yeado nian, cor re spond ing to the up per part of the Namurian B
and Namurian C (Owens et al., 2004).

In adopt ing the palynostratigraphic in ter pre ta tion above, we
need take into ac count older spe cies in the miospore as sem -
blages, whose strati graphic ranges are not con sis tent with the
zones iden ti fied. For the part of the pro file cor re lated with the
KV zone (sites I, L and M), these taxa are Tripartites margina -
tus, Crassispora maculosa and Triquitrites trivalvis, whose
strati graphic ranges end in the up per part of the Mooreisporites
trigallerus–Rotaspora knoxi zone (zona TK) (Owens et al.,
2004). In the re main ing sam ples, in cluded in the youn ger FR
zone, the pres ence of Crassispora maculosa and other older
taxa in clud ing Tripartites vetustus, Rotaspora knoxi, Micro -
reticulatisporites concavus and Reticulatisporites carnosus was 
also re corded. Their strati graphic ranges end at the bound ary
with the TK zone (Owens et al., 2004). Ad di tion ally, from sam -
ple J3, be long ing to the FR zone, Kraeuselisporites echinatus
was de ter mined, whose strati graphic range reaches only the
cen tral part of the KV zone (Owens et al., 2004). The oc cur -
rence of these stratigraphically older taxa in youn ger rocks in di -
cates that they rep re sent re worked miospores. 

The pres ence of re worked spe cies shows that dur ing the
sed i men ta tion of the rocks stud ied of Late Namurian A to the
Namurian C age (i.e. from the end of the Alportian, in the
Kinderscoutian, Marsdenian and Yeadonian), ero sion of slightly 
older de pos its, from the bound ary be tween the Visean and the
Namurian, took place, re work ing the rock ma te rial and mio -
spores con tained within it.

DISCCUSION

The miospore zones of Crassispora kosankei–Grumo sis -
po rites varioreticulatus (KV) and Raistrickia fulva–Reticulati -
sporites reticulatus (FR) within the Bia³y Kamieñ For ma tion
have been iden ti fied for the first time (Fig. 1B). This new as sign -
ment al lows the com par i son of the pres ent re sults with those of
pre vi ous palynological stud ies by Górecka (1968, 1969). That
au thor con ducted re search on fine-grained rocks and coals col -
lected mainly from man-made ex ca va tions and trenches from
the en tire out crop of the Bia³y Kamieñ For ma tion in the north -
west ern part of the Intra-Sudetic Ba sin. Thanks to the ex ca va -
tions the sam pling cov ered the en tire pro file of the for ma tion.
Górecka (1968, 1969) de ter mined an abun dant as sem blage of
miospores con sist ing of 169 taxa, mainly be long ing to Car bon if -
er ous long-lived gen era as Apiculatisporites, Calamo spora,
Cyclogranisporites, Densosporites, Leiotriletes, Lopho triletes,
Lycospora and Punctatisporites. This as sem blage did not con -
tain the taxa which are now con sid ered as the most strati -
graphically im por tant and as ap plied in the miospore zo nation
of Clay ton et al. (1977) and Owens et al. (2004). Górecka (ibi -
dem) di vided the pro file of the Bia³y Kamieñ For ma tion into
three parts. The lower part of the for ma tion con tained an as -
sem blage of Visean-Namurian miospore spe cies with a num -
ber of spe cies con sid ered to be Westphalian. This part of the
pro file was in ter preted as equiv a lent to Namurian B. The mid dle 
part of the pro file ac cord ing to Górecka (1969) was char ac ter -
ized by the oc cur rence of taxa char ac ter is tic of the Namurian B
and C. In turn, in the high est part of the pro file, bor der ing the
Žacler For ma tion, there were no rep re sen ta tives of Visean-
 Namurian taxa and taxa typ i cal for Westphalian A pre dom i -
nated. The in ter pre ta tion thus in di cated that the age range of
the Bia³y Kamieñ For ma tion is from the Namurian B to the
Lower Westphalian A. This con clu sion, al though with out ref er -

ence to the cur rent miospore zonation scheme, which did not
then ex ist, is sim i lar to the con clu sion ob tained in our re cent
stud ies, as re gards the di vi sion of the pro file ana lysed into three 
parts. It may be as sumed that lower and mid dle parts of the
Bia³y Kamieñ For ma tion pro file dis tin guished by Górecka
(1969) prob a bly cor re spond to the two miospore zones, KV and
FR, dis tin guished in this pa per. The up per, Westphalian part of
the pro file ac cord ing to Górecka (1969) prob a bly cor re sponds
to the Triquitrites sinani–Cirratriradites saturni (SS) zone, doc u -
mented in the up per part of the Bia³y Kamieñ For ma tion from
the Grzêdy IG 1 bore hole drilled in the 1980s at depth in ter val of 
1672.3–1719.8 m (Górecka-Nowak, 1995). The lat ter dat ing in -
di cates that, dur ing re cent stud ies when sam ples were taken
from sev eral sur face ex po sures in the Wa³brzych Sub-Ba sin,
the up per part of the Bia³y Kamieñ For ma tion was not sam pled.

The strati graphic gap be tween the Wa³brzych and Bia³y
Kamieñ for ma tions sug gested by early re search ers (Gothan
and Gropp, 1933) was re lated to dis cor dance and col lec tively
treated as a re cord of the Namurian tec tonic phase in strata of
this age in the Intra-Sudetic Ba sin. This gap seems to have
been mainly con cep tu al ized on the sharp lithological change
ob served be tween rocks of the up per part of the Wa³brzych For -
ma tion and the lower part of the Bia³y Kamieñ For ma tion. This
in volves the re place ment of fine-grained rocks – coal-bear ing
sand stones and mudstones, be long ing to the up per part of the
Wa³brzych For ma tion – by very coarse-grained con glom er ates,
rep re sent ing the lower part of the Bia³y Kamieñ For ma tion. To
test this hy poth e sis, the re sults of palynological stud ies on the
Bia³y Kamieñ For ma tion were com pared with cur rent palyno -
stratigraphic data from the Wa³brzych For ma tion. Górecka-
 Nowak and Majewska (2002, 2003), based on the miospore as -
sem blages, as signed the lower part of the pro file of the
Wa³brzych For ma tion to the Mooreisporites trigallerus–Rota -
spora knoxi (TK) zone, and its up per part to the Lycospora
subtriquetra–Apiculatisporis variocorneus (SV) subzone, con -
sti tut ing the lower part SO zone, cor re spond ing to the up per
part of the Arsbergian. This con clu sion was later cor rected and
sup ple mented by the new palynological data pub lished by
Górecka-Nowak et al. (2021). They re vised the age of the top
part of the Wa³brzych For ma tion based on new finds of the
miospore spe cies Cirratriradites rarus, al low ing rocks of the up -
per part of the Wa³brzych For ma tion to be in cluded in the up per
part of the SO zone, i.e. to the Lycospora subtriquetra–Cirra -
trira di tes rarus (SR) subzone. The lower bound ary of the SR
subzone is cor re lated with the be gin ning of the Penn syl va nian
and thus with the Mis sis sip pian/Penn syl va nian bound ary, i.e.
with the so-called mid-Car bon if er ous bound ary. In North Amer -
ica, this bound ary is very clear and is as so ci ated with an un con -
formity and a gap (Lane et al., 1999). In the Intra-Sudetic Ba sin
it is lithologically elu sive be cause it runs within the pro file of the
Wa³brzych For ma tion. The af fil i a tion of the up per part of the
Wa³brzych For ma tion to the SR subzone in di cates that the
strati graphic range of the Wa³brzych For ma tion reaches up to
Alportian, but with out its high est part and in the central Eu ro -
pean di vi sion it cor re sponds to the up per part of Namurian A,
but also with out its high est part. The fact that the lower part of
the Bia³y Kamieñ For ma tion be longs to next, Crassispora
kosankei–Grumosisporites varioreticulatus (KV) zone, which
in cludes the up per Alportian, Kinderscoutian and the lower part
of the Marsdenian, does not con firm the ex is tence of a strati -
graphic gap be tween the Wa³brzych and Bia³y Kamieñ for ma -
tions. The bound ary be tween these for ma tions dates to the
Uper Namurian A, i.e. the Lower Bashkirian (Fig. 5). Górecka
(1969) had a sim i lar opin ion as re gards the as sumed strati -
graphi cal gap, al though she lo cated the bound ary be tween
these for ma tions higher, i.e. in the Namurian B, con sid er ing the
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rocks of the roof part of the Wa³brzych For ma tion as the equiv a -
lent of the Lower Namurian B, and clas si fy ing the lower part of
the Bia³y Kamieñ For ma tion as the higher Namurian B. Góre -
cka (1969) thus also con cluded that these dates pre clude the
pres ence of a strati graphic gap be tween the Wa³brzych and
Bia³y Kamieñ for ma tions.

CONCLUSIONS

1. Palynological stud ies of the Bia³y Kamieñ For ma tion rocks
from the Wa³brzych Sub-Ba sin in the north ern part of the Intra-
 Sudetic Ba sin proved the ex is tence of two well-doc u mented
miospore zones, of Crassispora kosankei–Grumo sis porites
vario reticulatus (KV) and Raistrickia fulva–Reticulati sporites
reticula tus (FR). These zones cor re spond to the Bashkirian and
up per part of the Alportian, Kindercoutian, Marsde nian and
Yeado nianin Brit ish di vi sions and the up per most Namurian A to
Namurian C in the Cen tral Eu ro pean di vi sion.

2. This dat ing com ple ments pre vi ous ev i dence of the mio -
spore zone of Triquitrites sinani–Cirratriradites saturni (SS) in

rocks of the up per part of the Bia³y Kamieñ For ma tion from the
Grzêdy IG 1 bore hole (Górecka-Nowak, 1995). This ex tends
the age of this for ma tion to an in ter val from the up per part of the
Alportian to the lower part of the Langsettian, cor re spond ing to
the Namurian A to Lower Westphalian A.

3. The doc u men ta tion of these zones in con nec tion with
pre vi ous re sults of palynostratigraphic stud ies of the Wa³brzych
For ma tion (Górecka-Nowak and Majewska, 2002, 2003; Góre -
cka- Nowak et al., 2021) dem on strates a com plete re cord of
suc ces sive miospore zones of the Serpukhovian and Bashki -
rian in the Intra-Sudetic Car bon if er ous.

4. The con sis tent se quence of these suc ces sive miospore
zones in di cates that palynological data is not con sis tent with the 
in fer ence of a sig nif i cant strati graphic gap be tween the
Wa³ brzych and the Bia³y Kamieñ for ma tions. 
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Fig. 5. Palynostratigraphy of the Bia³y Kamieñ For ma tion (grey col our) and ad ja cent lithostratigraphic units
 of the Intra-Sudetic Ba sin

1 – re sults of palynostratigraphic anal y sis within the pres ent re search; 2 – re sults of palynostratigraphic anal y ses pub lished by
Górecka-Nowak et al. (2021); 3 – re sults of palynostratigraphic anal y ses pub lished by Górecka-Nowak (1987, 1995)
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