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The siliciclastic rocks of the Paprotnia Beds from the Bardo Unit (Pol ish Sudetes) pro vide abun dant and di verse palynological ma te rial.
The miospore as sem blages re cov ered al low dis tinc tion of two miospore biozones. The Tripartites vetustus–Rotaspora fracta (VF)
Biozone was rec og nized in the lower and the mid dle parts of the sec tion. In its up per part the Cingulizonates capistratus (Cc)
Subbiozone, the lower part of the Cingulizonates capistratus–Bellispores nitidus (CN) Biozone was dis tin guished. These re sults in di cate 
that the rocks of the Paprotnia sec tion, con sid ered ear lier on the ba sis of biostratigraphic and ra dio met ric data as up per Asbian, should be
as signed to the up per Asbian and Brigantian. The lo ca tion of the Asbian/Brigantian bound ary and the pos si ble oc cur rence of a gap in the
Brigantian part of the sec tion are dis cussed. Palynofacies ob ser va tions of miospore pres er va tion and fre quency pro vided ad di tional in -
for ma tion, which con firm the grad ual shallowing of the en vi ron ment of de po si tion from off shore to on shore. Ther mal ma tu rity as sess -
ment of or ganic mat ter, based on miospore col our, in di cates early ma ture and ma ture stages of or ganic mat ter ther mal al ter ation.
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INTRODUCTION

The Bardo Struc tural Unit, a sep a rate tec tonic unit in the
West ern Sudetes (Lugicum; Fig. 1), has  a com pli cated geo log -
i cal set ting. It con sists mainly of Mis sis sip pian sed i men tary
rocks, but also con tains some de pos its from at least the Up per
Or do vi cian to the Up per De vo nian (Haydukiewicz, 1990). Ac -
cord ing to the tectonostratigraphic model two main suc ces -
sions are dis tin guished: autochthonous/parauto chthonous and
allochthonous (Wajsprych, 1986, 1995). The autochtho -
nous/parautochthonous suc ces sion is com posed of a
Famennian to Mis sis sip pian suc ces sion, de pos ited in dif fer ent
hab i tats from plat form to fore land. The litho stratigraphic suc -
ces sion is out lined by Kryza et al. (2008). The allochthonous
suc ces sion oc curs as ex otic large olistoliths of deep ma rine
strata in the up per most part of the autochthonous/para -
utochthonous se quence and is as signed to the Up per Or do vi -
cian–Up per De vo nian (Haydukiewicz, 1990).

The strati graphic suc ces sion in the Bardo Struc tural Unit is
still dif fi cult to un der stand in de tail be cause of sparse
palaeontological ev i dence and lithofacies vari abil ity, as well as

its com pli cated tec tonic his tory. There fore the litho -
stratigraphic scheme pro posed by Wajsprych (1995) is in for -
mal. Palynological anal y sis appears prom is ing, which un til
now has been ap plied only sporadically (Majewska-Bill, 2006)
and the re sults are not pub lished.

The goal of the pres ent palynological stud ies of the Papro -
tnia Beds, one of the strati graphic marker in the Mis sis sip pian
rocks of the Bardo Unit, was the strati graphic in ter pre ta tion and 
com par i son to pre vi ous faunistic zonations. Ad di tion ally the
as sess ment of the ther mal ma tu rity of the or ganic mat ter and
the ob ser va tions on the palynofacies were car ried out.

STRATIGRAPHY

The Paprotnia Beds, be ing an in for mal lithostratigraphic
unit, be long to the up per part of the autochthonous/parauto -
chtonous suc ces sion. They are in cluded in the lower part of the
Winna Góra se quence (Fig. 2), which con sists of sev eral fa -
cially dif fer en ti ated sed i men tary rocks (Wajsprych, 1995). The 
strati graphic po si tion of this  unit is dif fi cult to de ter mine be -
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Fig. 1A – lo ca tion of the Bardo Unit in the Mid-Eu ro pean Variscides (af ter Żelaźniewicz, 1995, mod i fied); 
B – lo ca tion of the Paprotnia site on the gen er al ized geo log i cal map of the Bardo Unit 

(af ter Oberc, 1957 and Haydukiewicz, 2002, mod i fied)

EFZ – Elbe Fault Zone, H – Harz, MSF – Mar ginal Sudetic Fault, O – Odenwald, OFZ – Odra Fault Zone,
S – Spessart, Sd – Schwarzwald, TTZ – Teisseyre-Tornquist Zone, V – Vosges



cause of the com pli cated tec tonic frame work and un ex posed
con tact with neigh bour ing units. The Wojbórz se quence and

the Nowa Wieí For ma tion prob a bly un der lie the Winna Góra
se quence and the Srebrna Góra For ma tion, which con sists of
flysch de pos its, oc cur above them (Fig. 2).

The Paprotnia Beds oc cur only in the west ern part of the
Bardo Unit (Fig. 1) and are ex posed on the south ern slope of
Paprotnia Hill, be tween vil lages of Czerwieńczyce and
Wojbórz, about 1.5 km east of the vil lage of Czerwieńczyce, in

the road side sec tion (E 16°37’29.247”, N 50°31’56.865”). The
ex posed sec tion is about 13.7 m-thick, but the en tire thick ness
of the Paprotnia Beds is de ter mined at about 20–25 metres
(Haydukiewicz and Muszer, 2002). Un for tu nately, the con tact
with the un der ly ing rocks is not ex posed. The strata are com -
posed mainly of claystones and mudstones, greywackes and

sub or di nate car bon ates. They dip at 50–60° to the north and in
the top most part of the sec tion pass grad u ally into polymictic
con glom er ates named the Wilcza Beds (Wajsprych, 1995).

In the Paprotnia sec tion some stra tal suc ces sions can be dis -
tin guished (Fig. 3). The low er most part is com posed of green -
ish-grey and grey claystones and mudstones with a few thin in -
ter ca la tions of dark grey micritic lime stones (up to 3 cm thick).

These de pos its are over lain by dark grey and dark ol ive
mudstones with in ter ca la tions of sandy-mudstones and
greywackes as well as six lay ers (A–F) of ben ton ite. Ir reg u larly 
dis trib uted mudstone nod ules also oc cur in this suc ces sion. The 
mid dle part of the sec tion com prises greywackes and
sandymudstones with lenses and nod ules of dark grey
organodetrital lime stones (up to 40 cm thick). The abun dance
of lime stones sharply de creases up wards. The up per part of the
sec tion is rep re sented by greywackes with sandymudstones.
They ter mi nate the Paprotnia Beds and pass grad u ally into the
Wilcza con glom er ates that con tain rare in ter ca la tions of
greywack and mudstones.

The Paprotnia Beds have been stud ied by ge ol o gists and
palaeontologists since 1839 (von Buch, 1839 – vide Schmidt,
1925). These rocks were de scribed as the “shalegreystone se -
ries” (Finckh et al., 1942), “up per ho ri zon of Car bon if er ous
Lime stone” (Oberc, 1957), “Czerwieńczyce beds” (Żakowa,
1963) and re cently as “the Paprotnia se ries” (Wajsprych, 1995;
Haydukiewicz and Muszer, 2002). They are con sid ered as rich
in macro- and microfossils and biostratigraphically well-dated.
Their late Visean age was de ter mined on the ba sis of goniatites, 
brachi o pods, cor als and foraminifers (Schmidt, 1925;
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Fig. 2. Gen er al ized strati graphic scheme of the autochthonous/parautochthonous suc ces sion 
of the Bardo Unit (ac cord ing to Wajsprych, 1995, mod i fied) cor re lated 

with the Brit ish Isles stra tig ra phy based on Harland et al. (1989)



Paeckelmann, 1930, 1931; Górecka and Mamet, 1970;
Fedorowski, 1971; Haydukiewicz and Muszer, 2002) and
partly on miospores (Majewska-Bill, 2006). The oc cur rence of
Goniatites crenistria in di cates that these rocks be long to the
Asbian (Kryza et al., 2010). A late Asbian age was sup ported
also by the lat est ra dio met ric dat ing of the ben ton ite A from the
lower part of the sec tion (Fig. 3) at 334 ±3 Ma (Kryza et al.,
2007, 2008, 2010). Re cently, nu mer ous spec i mens of the trace

fos sil Zoophycos have been found in the top por tion of the
lower part of the sec tion, just be low the ho ri zon of
organodetrital lime stone nod ules (Muszer and Haydukiewicz,
2010a, b). These sed i ments are in ter preted as hav ing been
formed be tween storm and fair-weather wave base, prob a bly
within ox y gen ated wa ter.

Un for tu nately the up per part of the pro file has a dras ti cally
re duced faunal as sem blage and no in dex fos sils have been cited 
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Fig. 3. Simplified lithological col umn of the Paprotnia sec tion, dis tri bu tion of taphocoenoses (I–V based on Haydukiewicz
and Muszer, 2002), stratigraphically im por tant ammonoid and miospore taxa as well as palynofacies data



from it (Haydukiewicz and Muszer, 2002). Its up per most part
con tains only macrofloral fos sils and flo ral de tri tus (Górecka,
1958). Rocks from this part of the sec tion has not pro vided
miospore data in pre vi ous palynological stud ies (Majewska-
 Bill, 2006).

Anal y sis of the strati graphic dis tri bu tion of the fos sils,
their state of pres er va tion, tax o nomic com po si tion and the
char ac ter of the bi otic ac cu mu la tion, were used by
Haydukiewicz and Muszer (2002) to re con struct the en vi ron -
men tal con di tions. Five taphocoenoses (I–V) were rec og -
nized in the ver ti cal se quence of the Paprotnia sec tion. Both
lithological and palaeontological fea tures of the Paprotnia
Beds in di cate a grad ual en vi ron men tal change from off shore
to on shore con di tions. Haydukiewicz and Muszer (2002) in -
ter preted these strata as the shal lower-wa ter fa cies equiv a lent
of the pe lagic crenistria Lime stone (cd III a) wide spread in
the Kulm fa cies of Variscan Eu rope. 

MATERIAL AND METHODS

The mudstone and claystone sam ples for the palynological
stud ies, to tal ling 25, were taken from across the Paprotnia
Beds. Each rock sam ple was di vided into two parts: one for
palynostratigraphic stud ies, and an other for palynofacies ob -
ser va tions and the as sess ment of the or ganic mat ter ther mal
ma tu rity. Both parts of the sam ples were pro cessed in con cen -
trated hy dro flu oric acid. Sam ples for the palynostratigraphic
stud ies were later ox i dized us ing Schulze’s method and next
sieved though an 18 mm sieve in an ul tra-wave bath. The mi -
cro scopic slides were stud ied us ing a Optiphot Nikon mi cro -
scope and the mi cro pho to graphs were taken us ing a Canon
Powershot A640 dig i tal cam era. All mi cro scopic slides are
stored in the In sti tute of Geo log i cal Sci ences, Wrocław Uni -
ver sity.

The palynological stud ies com prised the de ter mi na tion of
miospores and the strati graphic in ter pre ta tion of their as sem -
blages. The miospore stud ies were com ple mented by
palynofacies ob ser va tions, con sist ing of de ter mi na tion of the
com po si tion of palynological par ti cles. The fre quency of
miospores and the state of their pres er va tion were also taken
into ac count. The ther mal ma tu rity of the or ganic mat ter was
as sessed bas ing on the col our of Lycospora spec i mens us ing
Bat ten’s scale (1984).

RESULTS

The mi cro scopic stud ies re vealed the oc cur rence of rich
miospore as sem blages in 19 of the sam ples. Miospores ap -
peared to be the only palynomorph group found. They are
very abun dant in rocks from the lower part of the sec tion
(sam ples 1–12), al though in sam ples from its mid dle and up -
per parts they are less nu mer ous. Their fre quency in rocks
from the up per most part of the sec tion (sam ple 22) was ex -
tremely low (Fig. 3).

The miospores are gen er ally poorly pre served, but the state
of their pres er va tion var ies. The main de struc tive fac tor is
pyritization. Scars af ter the py rite crys tals on the miospore
exines are com mon and in many cases they have de stroyed the
struc ture of the exine, so the iden ti fi ca tion of many spec i mens
is im pos si ble. Nu mer ous poorly pre served miospores were de -
ter mined to ge nus level only. A de crease in pyritization in ten -
sity up the sec tion was ob served (Fig. 3). The me chan i cal de -
struc tion of miospores was also an im por tant fac tor in flu enc ing
their state of pres er va tion. A grad ual de crease in the num ber of
me chan i cally de stroyed miospores was also no ticed up the sec -
tion (Fig. 3). An other, less sig nif i cant de struc tion fac tor, is the
ther mal overmaturity of a few miospores, which are very dark
and barely rec og niz able. These spec i mens oc cur among much
lighter miospores and they were found in as sem blages from the
whole sec tion. All these fac tors in flu ence the im prov ing state of 
miospore pres er va tion up the sec tion. The best pre served
miospores were found in the sam ple 21 from its up per most part.

The miospore as sem blages from the stud ied sam ples are di -
verse. Nearly two hun dred miospore taxa were de ter mined and
most are listed in Ap pen dix. Some of the more im por tant and
better pre served miospores are shown in Fig ures 4 and 5.

The miospores oc curred among abun dant phytoclasts, con -
sist ing of brown and black rect an gu lar par ti cles as well as
phytoclasts of oval or ir reg u lar out line and of sim i lar col our.
Very abun dant black phytoclasts oc curred in sam ple 22 from
the top part of the Paprotnia Beds. In some sam ples, mainly
from the lower and mid dle parts of the sec tion, a small amount
of brown amor phous or ganic mat ter was ob served. 

The miospores show a wide range of colours – from or ange
to dark brown or even black. The colours of the Lycospora
spec i mens var ied from or ange to or ange-brown and their ther -
mal mat u ra tion in dex amounts to 3–4. Darker Lycospora spec i -
mens were not ob served in the sam ples stud ied sam ples.

PALYNOSTRATIGRAPHIC INTERPRETATION
AND PALYNOFACIES 

Many late Visean miospore taxa were found through out the 
sec tion. Waltzispora planiangulata, Triquitrites marginatus,
Rugospora polyptycha, Schulzospora campyloptera, S.
elongata, S. ocellata, S. plicata, S. rara, Remysporites
magnificus, Rotaspora ergonulii, Raistrickia nigra,
Microreticulatisporites concavus, Crassispora maculosa,
Indotriradites echinatus, Grandispora echinata, Dictyotriletes
pactilis and Colatisporites decorus are among them.
Savitrisporites nux and Rotaspora knoxi, the miospore taxa
which ap peared at the base of the miospore Biozone Tripartites 
vetustus–Rotaspora fracta (VF; Clay ton et al., 1977, 1978)
were also de ter mined from each part of the sec tion. This in di -
cates that all stud ied rocks are not older than this miospore
biozone. 

The biozonal in dex spe cies R. fracta was not rec og nized
but there were some poorly pre served spec i mens, de ter mined
as Rotaspora sp. They oc cur rather sys tem at i cally in and above
sam ple 11. It is worth not ing the rel a tively low fre quency of
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Triquitrites and lack of Tripartites, which are usu ally abun dant
in up per Visean rocks. This was prob a bly con trolled by the
ecol ogy of the en vi ron ment or by trans port way of miospores to 
the sea.

Some stratigraphically im por tant miospore taxa, such as
Reticulatisporites carnosus, Bellispores nitidus and very rare
spec i mens of Cingulizonates capistratus were found only in the
up per part of the sec tion (sam ples 18–21). Their pres ence in di -
cates that these rocks should be as signed to the youn ger
miospore Biozone Cingulizonates capistratus–Bellispores
nitidus (CN; Clay ton et al., 1978; Owens et al., 2004). The base
of this zone is marked by the first oc cur rence of Cingulizonates
capistratus, which is con sid ered as a com mon com po nent in
miospore as sem blages of West ern Eu rope (Clay ton et al., 1978;
Owens et al., 2004) but the range base of Bellispores nitidus
seems to be co in ci dent with that level (Owens et al., 2004). Con -
sid er ing the ex tremely rare oc cur rence of C. capistratus in the
rocks stud ied, the lower limit of this zone in the Paprotnia sec tion 
is es tab lished just be low sam ple 18, where B. nitidus ap peared.

The lack of any the stratigraphically im por tant miospore taxa 
typ i cal of the up per part of the CN Biozone, such as
Ahrensisporites guerickei, Verrucosisporites morulatus,
Potoniespores elegans and Crassispora kosankei, in di cate that
the rocks stud ied be long to the Cingulizonates capistratus
Subbiozone, es tab lished in the lower part of the CN Biozone by
Owens et al. (2004).

The miospore as sem blages con tain also a few older
miospores, typ i cal of the Tournaisian and lower Visean. The
fol low ing taxa were in cluded in this group: Retusotriletes
communis, Verrucosisporites baccatus, Knoxisporites
triradiatus, Potoniespores delicatus, Rugospora minuta,
Perotrilites tesselatus and Indotriradites hibernicus. All these
taxa are con sid ered as re worked. The oc cur rence of
Stenozonotriletes coronatus in rocks of the CN miospore Zone
should be also con sid ered to re flect re work ing.

The ob ser va tions of the fre quency of miospores, their pres -
er va tion, in clud ing the in ten sity of pyritization, pro vide im por -
tant data on the in ter pre ta tion of sed i men tary en vi ron ment. The 
de creas ing miospore fre quency up the sec tion should be in ter -
preted as a re sult of in creas ing sed i ment in put dur ing ac cu mu -
la tion. The ex tremely poor fre quency of miospores and the
pres ence of very nu mer ous black phytoclasts in the up per most
part of the sec tion in di cates an in tense re work ing pro cesses.
The de crease of the pyritization in ten sity ob served in the same
di rec tion may be ex plained by in creas ing ox y gen lev els in the
wa ter and the grad ual de crease of the num ber of me chan i cally

de stroyed miospores is prob a bly con nected with the shorter
dis tance of their trans por ta tion (Tyson, 1987, 1995). All these
changes may be con sid ered as in di ca tors of a grad ual
shallowing of the en vi ron ment of sed i men ta tion. At the end of
the Paprotnia Beds sed i men ta tion an ep i sode of in tense re -
work ing hap pened. 

The or ange to or ange-brown colours of Lycospora spec i -
mens in di cate the early ma ture and ma ture stages of or ganic
mat ter al ter ation. Ac cord ing to Bat ten (1996) this cor re sponds
to a vitrinite reflectance rang ing from 0.5 to 0.75%. A few rel a -
tively dark spec i mens oc cur ring across the sec tion are con sid -
ered as re worked. The un de ter min able, overmatured
miospores, which were found in some sam ples, prob a bly also
be long to this group.

DISCUSSION 

The strati graphic in ter pre ta tion of the miospore data ob -
tained from rocks of the Paprotnia Beds, pre sented above, in
con nec tion with the pre vi ous macro- and microfaunal data,
pro vide a good op por tu nity to pre cisely con strain the age of the
stud ied rocks. The stages, rec og nized in the Brit ish Isles on the
ba sis of both eustatically con trolled sed i men tary cy cles and the
fos sil con tent (Ramsbottom, 1973; George et al., 1976), are
used, al though their cor re la tion with the biostratigraphic di vi -
sions based on dif fer ent fos sil groups is in places dif fi cult and
still not es tab lished in de tail.

Pre vi ous biostratigraphic stud ies of the Paprotnia Beds
have been based on the macro- and microfaunal data and
goniatites, which are the most im por tant group of fos sils oc cur -
ring there. The oc cur rence of the in dex taxon Goniatites
crenistria Phill. in the mid dle part of the Paprotnia sec tion,
close to its base (Fig. 3), is ev i dence of the up per Visean (V3b)
ammonoid Goniatites crenistria (Go IIIa) Biozone
(Haydukiewicz and Muszer, 2002). Nomismoceras vittiger,
which was also found in these rocks, has a broader strati graphi -
cal range and is known also from the striatus (Go IIIa) Biozone 
(Żakowa, 1958, 1995). The Goniatites crenistria Biozone is
usu ally as signed to the up per Asbian, so Kryza et al. (2010)
used this in dat ing the Paprotnia Beds. Later Korn and
Kaufmann (2009) and Korn and Ti tus (2011) pointed out that
in the Brit ish Isles this zone cor re sponds to the up per most
Asbian, but in the Rhenish Moun tains it does not reach the top
of this stage.
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Fig. 4. Miospores from the Paprotnia Beds

A – Leiotriletes tumidus, sam ple 19, slide kr, A 10, 4; B – Waltzispora planiangulata, sam ple 11, slide 1, J15, 2; C – Anaplanisporites baccatus, sam ple 9,
slide 1, Z 54, 1; D – Adelisporites multiplicatus, sam ple 11a, slide 1, A 25, 4; E – Raistrickia nigra, sam ple 19x, slide 2, J 28, 2; F – Raistrickia nigra, sam -
ple 11, slide 5, F 12, 4; G – Convolutispora ce re bra, sam ple 11, slide 7, P 61, 1; H – Convolutispora florida, sam ple 19x, slide 1, M43, 1; I –
Microreticulatisporites concavus, sam ple 21, slide 1, O 26, 1; J – Microreticulatisporites punctatus, sam ple  21, slide 1, X 42, 3; K – Bascaudaspora sp.,
sam ple 11, slide 2, U 44; L – Diatomozonotriletes trilinearis, sam ple 11, slide 1, X 36, 4; M – Ahrensisporites duplicatus, sam ple  21, slide 2, P 43, 2; N –
Knoxisporites literatus, sam ple 9, slide 5, M 12, 2; O – Knoxisporites stephanophorus, sam ple 11, slide 4, S 35, 1; P – Knoxisporites triradiatus, sam ple
20x, slide 1, J 38, 2; Q – Reticulatisporites carnosus, sam ple 21, slide 1, S 41, 1; R – Reticulatisporites carnosus, sam ple 21, slide 1, X 17, 2; S –
Reticulatisporites carnosus, sam ple 20x, slide 1, F 21, 3; T – Orbisporis sp., sam ple 9, slide 5, Y 12, 1; U – Savitrisporites nux, sam ple 11a, slide 1, I 14,1;
V – Secarisporites remotus, sam ple 11a, slide 1, T 20, 1/3; W – Bellispores nitidus, sam ple 19, slide dl, E 46, 3; X – Bellispores nitidus, sam ple 18, slide 2,
R 44, 2; Y – Rotaspora knoxi, sam ple 20x, slide 1, N 52, 4
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In the mid dle part of the Paprotnia sec tion Górecka and
Mamet (1970) dis tin guished the Archaediscus
karreri–Howchinia gibba–Valvulinella youngi foraminiferal

Zone, also co in cid ing with the crenistria IIIa Zone. The rugose 
coral as sem blages rec og nized from the same rocks were con -
sid ered by Fedorowski (1971) as typ i cal of the D2 coral Zone of 
the Brit ish no men cla ture, which seems to be slightly youn ger
and now is cor re lated with the Brigantian (Riley, 1993; Cossey
and Ad ams, 2004; Fig. 6). Some in dex brachi o pods were also
found from the rocks dis cussed, but they are not
stratigraphically im por tant as they are char ac ter is tic of lon ger
time in ter vals – the Visean and late Visean–Serpukhovian
(Kryza et al., 2010).

The miospore data de rived from the lower and mid dle parts
of the Paprotnia sec tion in di cate that these rocks should be as -
signed to the miospore zone Tripartites vetustus–Rotaspora
fracta (VF). The same re sult was ob tained dur ing the pre vi ous
palynostratigraphical stud ies of Majewska-Bill (2006), who as -
signed rocks from en tire sec tion stud ied to this biozone. Ac -
cord ing to Clay ton et al. (1977) the base of the VF miospore
Zone co in cides with the base of the Brigantian and the zone ex -

tends through the ma jor part of this stage. The lower limit of the 
VF Biozone was cor re lated with the base of the D2 rugose coral 
Zone and was lo cated slightly above the base of the P1
ammonoid Zone. Clay ton et al. (1978) and Clay ton (1985)
were of the same opin ion on the lo ca tion of the base of this
zone. Later, Ebdon et al. (1990) re ported that palynological
stud ies on the type sec tion had re vealed that the key VF zonal
miospore taxa had been found in the up per Asbian. In re cent
pa pers the base of the VF miospore Zone is lo cated in the up per
part of the Asbian, so the VF Biozone is cor re lated with the up -
per Asbian and lower Brigantian (Owens et al., 2005; Jäger and 
McLean, 2008). This opin ion is also ap plied in the cur rent
strati graphi cal in ter pre ta tion (Fig. 6).

The oc cur rence of Goniatites crenistria and miospore as -
sem blages typ i cal of the VF Biozone in the same rocks in di -
cate that they should be as signed to the up per Asbian. This
con cerns the lower part of the Paprotnia Beds and the low er -
most por tion of their mid dle part, where G. crenistria  has
been found. The ra dio met ric data of 334 ±3 Ma ob tained from 
the ben ton ite A fits very well with a late Asbian age (Kryza et
al., 2007, 2008, 2010).
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Fig. 5. Miospores from the Paprotnia Beds

A – Grumosisporites rufus, sam ple 11a, slide 3, E 22; B – Densosporites spinifer, sam ple 9, slide 6, O 60, 2; C – Cristatisporites echinatus, sam ple 2,
slide 1, B 18, 4; D – Crassispora maculosa, sam ple 19, slide dl, T 54, 4; E – Cingulizonates capistratus, sam ple 19x, slide 1, M 24, 3; F – Lycospora
pusilla, sam ple 11a, slide 1, P 44, 1; G – Camarozonotriletes cyrenaicus, sam ple 21, slide 1, Q 41, 3; H – Indotriradites echinatus, sam ple 1, slide 1, F 37,
1; I – Indotriradites cf. ornatus, sam ple 7a, slide, 1, M 18, 2; J – Vallatisporites galearis, sam ple 11, slide 1, M 26, 4; K – Auroraspora panda, sam ple
11a, slide 1, D 9, 4; L – Auroraspora macra, sam ple 11a, slide 3, Q 23, 3; M – Auroraspora velata, sam ple 11, slide 5, B 51, 2; N – Discernisporites
micromanifestus, sam ple 21, slide 2, Q 52, 3; O – Remysporites magnificus, sam ple 20x, slide 1, K 54, 1; P – Rugospora minuta, sam ple 11a, slide 3, E 22; 
Q – Perotrilites magnus, sam ple 11c, slide 4, J 56; R – Perotrilites perinatus, sam ple 2, slide 1, X 10, 2; S – Perotriletes tesselatus, sam ple 11a, slide 2, T
47, 1; T – Colatisporites decorus, sam ple 11a, slide 1, Q 19, 2; U – Schulzospora rara, sam ple 11c, slide 4, E 16, 1; V – Schulzospora ocellata, sam ple 7a,
slide 1, R 20, 2

Fig. 6. Biostratigraphic cor re la tion of up per Visean based on Clay ton et al. (1977), Harland et al. (1989),
Ebdon et al. (1990), Riley (1993), Cossey and Ad ams (2004), Owens et al. (2004),

Weyer and Menning (2006), Korn and Ti tus (2011)



Our new miospore data in di cates that the up per part of the
sec tion cer tainly be longs to the miospore biozone
Cingulizonates capistratus–Bellispores nitidus  (CN). This
biozone is cor re lated with the Visean-Serpukhovian tran si tion
and its base is lo cated at the P2b–P2c bound ary (Fig. 6). The
CN miospore Zone is sub di vided into two subzones: the
Cingulizonates capistratus  (Cc) Subbiozone, as signed to the
up per Brigantian and the Verrucosisporites morulatus (Vm)
Subbiozone, be long ing to the Pendleian (Owens et al., 2004).
The rocks stud ied from the up per part of the Paprotnia Beds
should be in cluded in the first of these subbiozones, cor re lated
with the up per Brigantian. The lower bound ary of the CN
miospore Biozone has been lo cated in the base of the up per part 
of this lithostratigraphic unit. This cor re sponds with the base of 
taphocoenoseis IV (Fig. 3), in the ver ti cal suc ces sion of
taphocoenoses rec og nized by Haydukiewicz and Muszer
(2002), and co in cides with changes of li thol ogy.

The miospore as sem blages re cently found in the up per part
of the Paprotnia Beds al lowed the palynostratigraphic dat ing of 
rocks which ear lier had not pro vided any stratigraphically sig -
nif i cant fos sils. Ac cord ing to pre vi ous opin ions these rocks had 
been con sid ered as the same in age as rocks from the lower and
mid dle parts of the sec tion (Haydukiewicz and Muszer, 2002;
Majewska-Bill, 2006).

The Asbian/Brigantian bound ary in the Paprotnia sec tion
should be lo cated be tween the lev els where G. crenistria has
been found and where miospore taxa typ i cal of the CN Biozone
ap pear. This means that this bound ary is cer tainly lo cated in the
mid dle part of the sec tion, above its low er most por tion (Fig. 3).

The age of this part of the sec tion is de ter mined as
Brigantian, based of the coral as sem blages of the D2 coral
Zone rec og nized by Fedorowski (1971). The greywacke in ter -
ca la tions oc cur ring there are prob a bly the re cord of the Eu ro -
pean Brigantian third-or der re gres sion (Herbig et al., 1999), so
the Asbian/Brigantian bound ary is sup posed to be lo cated in the
mid dle part of the stud ied sec tion, be low the greywacke in ter ca -
la tions (Fig. 3). The con se quence of this in ter pre ta tion is the pos -
si bil ity of the oc cur rence of a gap be tween the mid dle and up per
parts of the sec tion dis cussed. This gap would cor re spond to the
P1d, P2a and P2b ammonoid zones and its ex is tence is con -
cluded from the cor re la tion of the biostratigraphic di vi sions
based on dif fer ent fos sil groups (Fig. 6). The rocks oc cur ring be -
low and above this pos si ble gap are gen er ally sim i lar al though a
dis ap pear ance of the cal car e ous nod ules is noted (Fig. 3).

The palynological data also pro vided new in for ma tion on
the en vi ron ment of sed i men ta tion. A lack of ev i dence of ma -
rine phytoplankton among palynomorphs the found sup ports
the con clu sion of Haydukiewicz and Muszer (2002), who con -
sid ered that the sed i men ta tion of the Paprotnia Beds took place
in a shal low ma rine en vi ron ment. The palynofacies data, in -
clud ing ob ser va tions of the miospore fre quency and the state of 
their pres er va tion, in di cates a grad ual shallowing of the hab i tat. 
This con clu sion sup ports the ear lier in ter pre ta tion of
Haydukiewicz and Muszer (2002), who con sid ered the rocks
dis cussed as a re cord of the tran si tion from the off shore to on -
shore en vi ron ment. 

Ob ser va tions of the miospore pyritization may be used as
ad di tional in for ma tion on the char ac ter is tics of the tapho -
coenoses, par tic u larly con sid er ing the level of wa ter ox y gen a -
tion. The in ten sive pyritization of the ma jor ity of miospores
from the taphocoenoses I and II in di cate lim ited ox y gen ac cess. 
In the mid dle and up per parts of the sec tion (taphocoenoses III
and IV) scars af ter py rite crys tals are also pres ent, al though
they grad u ally be came more scarce and in the up per most part
(taphocoenose V) they dis ap pear. These ob ser va tions in di cate
in creas ing wa ter ox y gen a tion lev els dur ing sed i men ta tion, as
inferred by Haydukiewicz and Muszer (2002).

The ther mal ma tu rity of the or ganic mat ter has been as -
sessed on the ba sis of miospore col our as of early ma ture to ma -
ture stages. This re sult cor re sponds to the con clu sion of
Haydukiewicz (2002), who stud ied cono dont colours in the
Bardo Struc tural Unit and dis tin guished five zones of dif fer ent
ther mal al ter ation. The Paprotnia sec tion is lo cated in zone II of
rel a tively low ther mal ma tu rity, which is dis tant from the SE
part of the Bardo Unit, where the in flu ence of the ther mal al ter -
ation caused by the Kłodzko–Złoty Stok in tru sion is most sig -
nif i cant (Haydukiewicz, 2002).

CONCLUSIONS

1. Two miospore biozones have been rec og nized in the
Paprotnia Beds. The lower and mid dle parts of the sec tion has
been as signed to the Tripartites vetustus–Rotaspora fracta
(VF) Biozone, cor re spond ing to the up per Asbian and lower
Brigantian. The up per part of the sec tion be longs to the
Cingulizonates capistratus–Bellispores nitidus  (CN)
Biozone (more pre cisely to the Cingulizonates capistratus
Subbiozone), cor re lated with the up per part of the Brigantian.

2. Both palynological and macrofaunal data as well as the
re sults of re cent ra dio met ric dat ing in di cate that: 

– the lower part and at least lower por tion of the mid dle
part of the Paprotnia sec tion should be as signed to the
up per Asbian; 

– the rocks of the mid dle part of the sec tion, oc cur ring
above these, should be con sid ered as the up per Asbian,
be long to the Brigantian;

– the up per part of the sec tion should cer tainly be in cluded 
in the up per Brigantian. 

3. The up per part of the sec tion is youn ger than was con sid -
ered ear lier.

4. The Asbian/Brigantian bound ary should be prob a bly lo -
cated in the mid dle part of the sec tion, be low the greywacke in -
ter ca la tions, which are pos si bly con nected with the Eu ro pean
Brigantian third-or der re gres sion.

5. If is pos si ble that a gap, cor re spond ing to the P1d, P2a
and P2b ammonoid zones, oc curs be tween the mid dle and up -
per parts of the Paprotnia sec tion. 

6. The palynofacies data pro vide ad di tional ar gu ments to
sup port the opin ion of Haydukiewicz and Muszer (2002) that
sed i men ta tion of the rocks stud ied took place in a shal low ma -
rine en vi ron ment, prob a bly dur ing an off shore to on shore
tran si tion. 
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7. The early ma ture to ma ture stages of ther mal al ter ation of 
or ganic mat ter, as sessed on the ba sis of miospore colours, sup -
port pre vi ous palaeothermal in fer ences of Haydukiewicz
(2002), based on cono dont colours.
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Taxa 1 2 6 7a 8 9 11 11a 11c 12 13a 17 17a 18 19 19x 20x 21 22

Acanthotriletes castanea Butterworth and Wil liams, 1958 + + + + + +

Acanthotriletes baculatus Neves, 1961 +

Acanthotriletes echinatus (Knox) Potonié and Kremp,
1955 + + + + + +

Acanthotriletes mirus Ishchenko, 1956 +

Acanthotriletes multisetus Playford, 1963 +

Acanthotriletes triquetrus Smith and Butterworth, 1967 + +

Adelisporites multiplicatus Ravn, 1986 +

Ahrensisporites duplicatus Neville, 1973 + + + +

Ahrensisporites sp. + + +

Anapiculatisporites hispidus Butterworth and Wil liams,
1958 +

Anapiculatisporites tersus Playford, 1963 +

Anaplanisporites baccatus (Hoffmeister, Staplin 
and Malloy) Smith and Butterworth, 1967 + + + + + + + + + +

Anaplanisporites denticulatus Sullivan, 1964 +

Anaplanisporites globulus (Butterworth and Wil liams)
Smith and Butterworth, 1967 +

Auroraspora macra Sullivan, 1964 +

Auroraspora panda Turnau, 1978 +

Auroraspora velata (Fe lix and Burbridge) Ravn, 1991 +

Bascaudaspora canipa Owens, 1983 + + + +

Bascaudaspora variabilis Owens, 1983 + + +

Bascaudaspora sp. +

Bellispores nitidus (Horst) Sullivan, 1964 + + + + +

Calamospora pallida (Loose) Schopf, Wil son 
and Bentall, 1944 + + +

Calamospora microrugosa (Ibrahim) Schopf, Wil son 
and Bentall, 1944 + + + + +

Calamospora minuta Bharadwaj, 1957 + +

Calamospora mutabilis (Loose) Schopf, Wil son and
Bentall, 1944 + + + + +

Calamospora pedata (Loose) Schopf, Wil son
and Bentall, 1944 + +
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App. cont.

Taxa 1 2 6 7a 8 9 11 11a 11c 12 13a 17 17a 18 19 19x 20x 21 22

Camarozonotriletes cyrenaicus Loboziak and Clay ton,
1988 + + + + + + + + + + +

Cingulizonates bialatus (Waltz) Smith and Butterworth,
1967 + + + + + + + + +

Cingulizonates capistratus (Hoffmeister, Staplin 
and Malloy) Staplin and Jansonius, 1964 +

Cirratriradites elegans (Waltz) Playford, 1963 + + +

Colatisporites decorus (Bharadwaj and Venkatachala)
Wil liams, 1972 +

Convolutispora ampla Hoffmeister, Staplin 
and Malloy, 1955 +

Convolutispora ce re bra Butterworth and Wil liams, 1958 + + + +

Convolutispora cerina Ravn, 1979 + +

Convolutispora florida Hoffmeister, Staplin and Malloy,
1955 + + + +

Convolutispora harlandii Playford, 1963 +

Convolutispora jugosa Smith and Butterworth, 1967 +

Convolutispora punctatimura Staplin, 1960 +

Convolutispora varicosa Butterworth and Wil liams, 1958 + + +

Convolutispora vermiformis Hughes and Playford, 1961 + +

Corrugatisporites borrealis Ravn, 1991 + +

Crassispora maculosa (Knox) Sullivan, 1964 +

Cristatisporites bellis Bharadwaj and Venkatachala, 1961 +

Cristatisporites echinatus Playford, 1963 + +

Cristatisporites hibernicus (Higgs) Higgs, 1996 •

Cyclogranisporites min utes Bharadwaj, 1957 + + + + +

Densosporites anulatus (Loose) Smith 
and Butterworth, 1967 + + + + + +

Densosporites intermedius Butterworth 
and Wil liams, 1958 +

Densosporites pseudoannulatus Butterworth 
and Wil liams, 1958 + +

Densosporites sphaerotriangularis Kosanke, 1950 +

Densosporites spinifer Hoffmeister, Staplin 
and Malloy, 1955 + + + + + + + + + + +

Densosporites triangularis Kosanke, 1950 + +

Densosporites variomarginatus Playford, 1963 +

Diatomozonotriletes trilinearis Playford, 1963 +

Dictyosporites clatriformis (Artüz) Sullivan, 1964 + +

Dictyosporites fragmentimurus Neville, 1973 +

Dictyotriletes pactilis Sullivan and Mar shall, 1966 +

Dictyotriletes sp. + + + + + + +

Discernisporites micromanifestus (Hacquebard) Sabry
and Neves, 1971 + + +

Foveosporites sp. + +

Gorgonispora convoluta (Butterworth and Spin ner)
Playford, 1976 +

Grandispora cf. echinata Hacquebard, 1957 +

Grandispora echinata Hacquebard, 1957 + + + + +

Granomurospora sp. +

Granulatisporites granulatus Ibrahim, 1933 + + + + + + + + + + + + +

Granulatisporites microgranifer Ibrahim, 1933 + + + +

Granulatisporites minutus Potonié and Kremp, 1955 +

Grumosisporites inaequalis (Butterworth and Wil liams)
Smith and Butterworth, 1967 + + +

Grumosisporites rufus (Butterworth and Wil liams) Smith
and Butterworth, 1967 + + + + + +

Indotriradites echinatus (Owens et al.) Higgs, 1996 +

Indotriradites cf. ornatus (Neves) Owens, Mishell
and Mar shall, 1976; Higgs, 1996 +
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Taxa 1 2 6 7a 8 9 11 11a 11c 12 13a 17 17a 18 19 19x 20x 21 22

Knoxisporites dissidus Neves, 1961 +

Knoxisporites literatus (Waltz) Playford, 1963 + + + +

Knoxisporites stephanophorus Love, 1960 + + +

Knoxisporites triradiatus Hoffmeister, Staplin 
and Malloy, 1955 • • • • • •

Laevigatosporites vulgaris (Ibrahim) Alpern 
and Doubinger, 1973 + + + + +

Leiotriletes inermis (Waltz) Ishchenko, 1952 + + + + + + + +

Leiotriletes parvivermiculatus Playford, 1963 +

Leiotriletes parvus Guennel, 1958 +

Leiotriletes subintortus (Waltz) Ishchenko, 1952 + +

Leiotriletes sphaerotriangularis (Loose) Potonié 
and Kremp, 1955 +

Leiotriletes tumidus Butterworth and Wil liams, 1958 + + + + + + + + + +

Lophotriletes commisuralis (Kosanke) Potonié and
Kremp, 1955 + + + +

Lophotriletes labiatus Sullivan, 1964 +

Lophotriletes microsaetosus (Loose) Potonié 
and Kremp, 1955 +

Lophotriletes tribulosus Sullivan, 1964 +

Lophozonotriletes dentatus Hughs and Playford, 1961 + + + + +

Lophozonotriletes varioverrucatus Playford, 1963 +

Lophozonotriletes triangulatus Hughs and Playford, 1961 + +

Lycospora pusilla (Ibrahim) Somers, 1972 + + + + + + + + + + + + + + + + + +

Lycospora orbicula (Potonié and Kremp) Smith 
and Butterworth, 1967 + +

Lycospora noctuina Butterworth and Wil liams, 1958 + + +

Microreticulatisporites concavus Butterworth 
and Wil liams, 1958 + + + + + + + +

Microreticulatisporites microreticulatus Butterworth 
and Wil liams, 1958 + + + + +

Microreticulatisporites punctatus Knox, 1950 + + + + + + + + +

Monilospora moniloformis Hacquebard and Barss, 1957 +

Monilospora dignata Playford, 1963 +

Murospora intorta (Waltz) Playford, 1962 + +

Murospora tripulvinata Staplin, 1960 +

Orbisporis orbiculus Bharadway and Venkatachala, 1961 + + +

Orbisporis sp. + + + +

Perotrilites perinatus Hughes and Playford, 1961 + + + +

Perotrilites magnus Hughes and Playford, 1961 +

Perotrilites tesselatus (Staplin) Neville, 1973 • • •

Potoniespores delicatus Playford, 1963 • •

Punctatisporites aerarius Butterworth and Wil liams, 1958 + + + + +

Punctatisporites fissus Hofmeister, Staplin 
and Malloy, 1955 + +

Punctatisporites glaber (Naumova) Playford, 1962 + + + + + + + + +

Punctatisporites minutus Kosanke, 1950 + + + + + +

Punctatisporites nitidus Hoffmeister, Staplin 
and Malloy, 1955 + + + + +

Punctatisporites obliquus Kosanke, 1950 + +

Punctatisporites parvivermiculatus Playford, 1962 +

Pustulatisporites papillosus (Knox) Potonié 
and Kremp, 1955 + +

Raistrickia nigra Love, 1960 + + + + + + + + + + + + + +

Remysporites magnificus (Horst) Butterworth 
and Wil liams, 1958 + +

Reticulatisporites carnosus (Knox) Neves, 1964 + +

Retusotriletes communis Naumova, 1953 •

Rotaspora ergonulii (Agrali) Sullivan and Mar shall, 1966 +

Rotaspora knoxi Butterworth and Wil liams, 1958 + + +

Rotaspora sp. + + + + + +

Rugospora minuta Neves and Ioannides, 1974 • • • +

Rugospora polyptycha Neves and Ioannides, 1974 +
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Savitrisporites nux (Butterworth and Wil liams) Smith 
and Butterworth, 1967 + + + + + + +

Schulzospora campyloptera (Waltz) Hoffmeister, Staplin
and Malloy, 1955 + + + + + + + + + + +

Schulzospora elongata Hoffmeister, Staplin 
and Malloy, 1955 + + +

Schulzospora ocellata  (Horst) Potonié and Kremp, 1955 + + + + + + + + +

Schulzospora plicata Butterworth and Wil liams, 1958 +

Schulzospora rara Kosanke, 1950 + + + + +

Secarisporites remotus Neves, 1961 + + + + + + + +

Simozonotriletes sp. +

Spelaeotriletes arenaceous Neves and Owens, 1966 +

Spinozonotriletes balteatus Playford, 1963 +

Stenozonotriletes clarus Ishchenko, 1958 +

Stenozonotriletes coronatus Sullivan and Mar shall, 1966 + • •

Stenozonotriletes minutus Ishchenko, 1956 +

Stenozonotriletes bracteolus (Butterworth and Wil liams)
Smith and Butterworth, 1967 + + +

Stenozonotriletes denticulatus Ischenko, 1956 +

Stenozonotriletes lycosporoides (Butterworth
and Wil liams) Smith and Butterworth, 1967 + +

Stenozonotriletes stenozonalis (Waltz) Ishchenko, 1958 + + + + +

Stenozonotriletes sp. + + + + + + + + +

Tholisporites scoticus Butterworth and Wil liams, 1958 + + + +

Tricidarisporites arcuatus Neville, 1973 +

Tricidarisporites balteolus Sullivan and Mar shall, 1966 +

Tricidarisporites rarus (Playford) Ravn, 1991 +

Triquitrites marginatus Hoffmeister, Staplin 
and Malloy, 1955 + + +

Vallatisporites ciliaris (Luber) Sullivan, 1964 +

Vallatisporites galearis Sullivan, 1964 +

Velamisporites irrugatus Playford, 1978 + +

Verrucosisporites baccatus Staplin, 1960 • • • •

Verrucosisporites cerosus (Hoffmeister, Staplin 
and Malloy) Butterworth and Wil liams, 1958 +

Verrucosisporites eximius Playford, 1963 +

Verrucosisporites gobbetti Playford, 1963 +

Verrucosisporites sp. + + + + +

Waltzispora polita (Hoffmeister, Staplin and Malloy)
Smith and Butterworth, 1967 +

Waltzispora planiangulata Sullivan, 1964 + + + + + + + + + +

• – re worked miospore

App. cont.


