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Ab stract

A to tal of 152 dinoflagellate cyst taxa from the Popiele beds ex posed at Koniusza (Skole Nappe,
Flysch Carpathians, Po land) are sys tem at i cally de scribed. The biostratigraphical in ter pre ta tion of
their as sem blages sug gests Eocene (Bartonian and Priabonian) age. The dark-col oured fossiliferous
mudstone that forms bulk vol ume of the olistostromic Popiele beds is dated as Priabonian; and the
pale-col oured marl, mainly form ing clasts, is Bartonian and Priabonian. Palaeoen vi ron men tal ana-
l y sis of palynofacies and dinoflagellate cyst as sem blages sug gests that the de pos its stud ied were laid
down on a shelf (sub se quently re de pos ited into deeper parts of the flysch ba sin). The pale-col oured
Bartonian marl set tled down in an en vi ron ment of rel a tively calm, hemipelagic de po si tion with lim i-
ted ter res trial in flux, pos si bly in an off shore shelf un der rel a tively oligotrophic sur face wa ter con di -
tions; their sed i men tary set ting was pre sum ably in flu enced by wa ters from la goonal en vi ron ments,
man i fested by a high ra tio of near-shore taxa. The non-cal car e ous pale-col oured Priabonian mudstone 
was de pos ited in an even more off shore set ting; its dinoflagellate cyst as sem blage shows some sim i la- 
r i ties with the one from the off shore Hi ero glyphic beds. The dark-col oured Priabonian mudstone
set tled down un der a rel a tively high rate of a ter res trial ma te rial in flux, pre sum ably dur ing pe riod of a
more in tense fresh wa ter in put into the shelf ba sin, re flected by a high ra tio of land-de rived or ganic
par ti cles. This fresh wa ter in flux led to a mi nor eutrophication and a pos si ble sa lin ity de crease in the
sur face wa ter layer. A com par i son of dinoflagellate cyst as sem blages from the Popiele beds with co e-
val ones from the neigh bour ing ar eas sug gests that the Skole Ba sin was con nected with epicontinental
ba sin of south-east ern Po land dur ing the Bartonian, whereas it was pre sum ably iso lated dur ing the
Priabonian.

Key words: dinoflagellate cysts, Eocene, Popiele beds, Carpathians, palaeoenvironment, biostrati-
graphy.

IN TRO DUC TION

The most of Palaeogene strata of the Flysch (Outer) Carpathians rep re sent the
deep-wa ter de pos its of turbiditic and hemipelagic or i gin. The wa ter depth of the
flysch bas ins was es ti mated on the base of foraminiferal as sem blages (e.g., Bieda et 
al., 1963; Geroch et al., 1967) found in pe lagic lay ers to 2–4 km (Olszewska &
Malata, 2006). Dur ing the Eocene, the south ern most Magura Ba sin was the deep est 
one (over 3.5 km deep), whereas north ern bas ins, in clud ing the Skole Ba sin, were
pre sum ably shal lower (app. 2.5–3.5 km deep; Olszewska & Malata, 2006). A sig -
nif i cant shallowing trend in the Flysch Carpathian bas ins took place dur ing the
Eocene–Oligocene tran si tion (e.g., Uchman et al., 2006) and re sulted in wa ter
depth re duc tion of the Skole Ba sin to barely 200–600 m (Malata & Poprawa, 2006). 
These depth val ues re fer to the basinal parts, whereas palaeoenvironmental con di -
tions on the north ern shelf have al most been un known, cov ered by a thick se quence
of folded and overthrust flysch de pos its. Their only traces are fragmentarily pre -
served slump de pos its de rived from the north ern and north-east ern mar gins of the
Flysch Carpathian ba sin sys tem. One of them is rep re sented by the Popiele beds.
This is a sub ma rine slump de posit formed dur ing the Late Eocene–Early Oligocene
in the Skole Ba sin – the out er most ba sin of east ern part of the Pol ish Carpathians
(D¿u³yñski & Kotlarczyk, 1965) – pre sum ably as a re sult of the Pyr e nean orogenic
phase (D¿u³yñski et al., 1979a; Kotlarczyk, 1988a).

The Popiele beds con sist of dark-col oured mas sive, un strati fied sandy siltstone
with lithologically vari able intraclasts. Their li thol ogy and spe cific macrofossil
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Fig. 1. Ge ol ogy of study area: A – tec tonic map of Pol ish Carpathians (af ter Ksi¹¿kiewicz, 1977);
B – geo logic map of the Koniusza vi cin ity (af ter Kotlarczyk, 1985b; sim pli fied)



con tent, sug gest that these de pos its were orig i nally laid down in a prox i mal sed i -
men tary set ting. Anal y sis of their palynological con tent from the ex po sures at Ko-
niusza was in tended for palaeoenvironmental re con struc tion of sed i men tary con di -
tions at the north ern mar gin of the Skole Ba sin. A biostratigraphic study of dinoflage- 
llate cysts from this unit al lows its cor re la tion with co eval flysch and epicontinental
de pos its. The lat ter oc cur on a land north of the flysch bas ins, which was ep i sod i cally
flooded dur ing the Eocene and Early Oligocene by short-last ing ma rine trans gres -
sions. Their re cord is fragmentally pre served be low a thick cover of Mio cene strata in 
the Carpathian Foredeep (S³odkowska, 1999; Gedl, 2000a, b, 2003, 2006a; Œmist,
2004; Myœliwiec & Œmist, 2006) and in Roztocze (e.g., Piwocki, 2004).

GEO LOG I CAL BACK GROUND

The Eocene–Mio cene flysch se quence of the ex ter nal parts of the Skole Nappe,
the out er most tec tonic unit of the Pol ish Flysch (Outer) Carpathians (Fig. 1A), con -
tains fre quent ex otic-bear ing de pos its of sub ma rine slumps (e.g., D¿u³yñski &
Kotlarczyk, 1965; Kotlarczyk, 1979, 1981; Gucik, 1981; Rajchel, 1990). These are
usu ally dis con tin u ous bod ies, which con sist chiefly of resedimented ma te rial from
the north ern shelf ar eas of the Skole Ba sin. One of them is rep re sented by the
fossiliferous Popiele beds, which oc cur be tween the Eocene Hi ero glyphic beds and
the Lower Oligocene Menilite beds (Fig. 2). Due to com mon oc cur rence of well
pre served macrofossils (mainly gas tro pods and bi valves), this lithostratigraphic
unit has been an ob ject of palaeontological stud ies for over 100 years (Wójcik,
1903; Wiœniowski, 1908). The name “Popiele beds” was in tro duced by Kropaczek
(1919; Pol ish names: “warstwy z Popiel”, “warstwy popielskie”) af ter its stratotype 
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Fig. 2. Paleocene–Lower Oligocene lithostratigraphy of the Skole Nappe (from Œl¹czka &
Kaminski, 1998)



lo cated at Popiele (NW from Borys³aw) in the Ukrai nian Carpathians, then a Pol ish
ter ri tory – see To³wiñski (1925, 1928), Horwitz (1926), Hempel (1926), Krajewski
(1927), Œwiderski (1927–1928). Rajchel (1990) dis tin guished these strata as an in -
for mal lithostratigraphic unit in the rank of mem ber (the “Popiele Mem ber”) of the
in for mal “Hi ero glyphic For ma tion”; in this pa per the tra di tional name “Popiele
beds” is used fol low ing Ry³ko (2004, p. 308). 

The Popiele beds crop out in a nar row belt in the north ern most part of the Skole
Nappe be tween Przemyœl (Po land) and the Prut River Val ley in the Pokutse
Carpathians, Ukraine (Horwitz, 1926; D¿u³yñski & Kotlarczyk, 1965; Kotlarczyk,
1985b; Fig. 1B). In Po land, their ex po sures are grouped mainly south of Przemyœl
(Wiœniowski, 1908; Rogala, 1925; Watycha, 1964; Rajchel, 1990). Sev eral out -
crops of this unit are re ported by Rajchel (1990). Ney (1961, 1968, fig. 16E) re -
ported the Popiele beds from the Stebnik Unit in bore holes Jaksmanice-10 and
Jaksmanice-25. How ever, the tec tonic po si tion of these flysch de pos its is still enig -
matic: tec tonic slides ac cord ing to Ney (1968), olistostromes within the Stebnik
Unit ac cord ing to Wdowiarz (1976, fig. 2, cross-sec tion II-II), flysch sub stra tum of
the Stebnik Unit ac cord ing to Kotlarczyk (e.g., 1988b). Ma jor ity of the Popiele
beds ex po sures are now in Ukraine (see Rajchel, 1990). 

The thick ness of the Popiele beds is dif fi cult to es ti mate; pre sum ably it does not
ex ceed 100 m (D¿u³yñski & Kotlarczyk, 1965), but Kotlarczyk (1985a) re ports a
thick ness of 200 metres. Kropaczek (1919) es ti mated their thick ness at 120 m. Ac -
cord ing to D¿u³yñski & Kotlarczyk (1965), the Popiele beds rep re sent a sub ma rine
slump, which con sists of vari able amounts of small- to sev eral metres thick blocks
of shale and marl stacked in a mas sive, un strati fied brown ish silty ma trix. The lat ter
com monly con tains mol lusc shells. Blocks and smaller clasts rep re sent ma te rial de -
rived from ap prox i mately co eval flysch strata in cor po rated dur ing mass move -
ments (i.e., frag ments of Hi ero glyphic beds, Menilite beds, Kliwa sand stones –
D¿u³yñski & Kotlarczyk, 1965) and clasts of rocks ini tially de pos ited in a prox i mal
shelf area (e.g., pale-col oured marl; see, e.g., Rajchel, 1990). Exotics are rare and
rep re sent an older, pre-flysch ma te rial de rived from the Flysch Carpathian ba sin
sub stra tum, e.g., Ju ras sic lime stone (D¿u³yñski et al., 1979b), and coal clasts (pre -
sum ably Car bon if er ous – Kotlarczyk & Œliwowa, 1963). 

Molluscs from the silty ma trix were the ob ject of sev eral stud ies by Wójcik
(1903), Wiœniowski (1908), Rogala (1925, 1941 fide Krach, 1985) and Krach
(1985). The lat ter au thor re vised col lec tions of Wiœniowski and Rogala, and de -
scribed a mol lusc as sem blage con sist ing of 134 taxa in clud ing bi valves, gas tro pods 
and sca pho pods. Wójcik (1903) and Syniewska (1937) de scribed foraminifers
from the Popiele beds, whereas Liszka & Geroch (1979) added new data on
foraminifers from Kruhel Ma³y near Przemyœl, and re vised Wójcik’s (1903) de ter -
mi na tions. As a re sult, the age of mol lusc and foraminifers as sem blages from the
Popiele beds was in ter preted as the late Mid dle-Late Eocene (Bartonian and
Priabonian) ac cord ing to Bieda et al. (1963), Krach (1985) and Liszka & Geroch
(1979). Foraminifera and cal car e ous nannoplankton from the Popiele beds in Po -
land and Ukraine were re cently stud ied by Garecka et al. (2008; with out de scrip -
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tion of the source rocks). Cal car e ous nannoplankton was cor re lated by these au -
thors with the as sem blages from the Globigerina marls (Up per Eocene–low er most
Oligocene) of the Flysch Carpathians. Pres ence of Clausicoccus subdistichus,
Isthmolithus recurvus, Lanternithus minutus, Reticulofenestra lockeri, R. ornata
and R. umbilica was in ter preted by these au thors as in dic a tive for the Early
Oligocene age of the Popiele beds. Foraminiferal as sem blages de scribed in that pa -
per, in turn, al lowed for a less pre cise, but gen er ally sim i lar age in ter pre ta tion – the
Eocene/Oligocene turn over (Garecka et al., 2008). 

MA TE RIAL

The ma te rial stud ied co mes from the out crops of the Popiele beds at Koniusza
(Fig. 3). These are the best ex po sures of this in for mal lithostratigraphic unit in the
Pol ish Flysch Carpathians de scribed ear lier by D¿u³yñski & Kotlarczyk (1965) and 
Kotlarczyk (1979a, b). Rajchel (1990) pro posed to treat these as the neostratotype,
since the stratotype of the Popiele beds is now in Ukraine. The ex po sures stud ied by 
the pres ent au thor are on the south ern bank of a creek east of Koniusza (Fig. 3);
note: the creek’s name is some how enig matic: Koniuszanka ac cord ing to Krach
(1985, fig. 1), and Zalesie Stream ac cord ing to Kotlarczyk (e.g., 1985b, figs 39 and
40). They be gin ap prox i mately 160 m east from the place where the Koniusza–
Aksmanice road crosses the creek (Fig. 3; GPS: 49° 40.955’ N, 022° 42.009’ E),
and they con tinue at a dis tance of 250 m eastwards (see also Krach, 1985, fig. 1;
Kotlarczyk, 1985b, fig. 39). The Popiele beds are ex posed in two large scarps (ex -
po sures A and B; Fig. 3) and in a few smaller sites. One of the large ex po sures was
stud ied by D¿u³yñski & Kotlarczyk (1965) and il lus trated by D¿u³yñski et al.
(1979b, fig. 20). The small ex po sures of the Popiele beds are also vis i ble in the
creek bed; oc ca sion ally, large loose blocks lie in the creek bed. The bound aries of the
Popiele beds with the Hi ero glyphic and Menilite beds at Koniusza are not ex posed.

Thirty two sam ples (Kns1–15, Kns17–33) were col lected from the Popiele beds at 
Koniusza (Figs 3, 4). Two ad di tional sam ples from the Hi ero glyphic beds (KnsH1
and KnsH2), and a sin gle sam ple from the Menilite beds (Kns16) were taken.

Sam ple Kns1 (a mas sive dark-grey-green ish, micaceous, poorly cal car e ous
mudstone) was col lected from the poorly ex posed strata, which dip ver ti cally in the
creek bed.

Sam ples Kns2 and Kns3 were taken 35 m up stream from a small ex po sure on
the south ern creek’s bank. Sam ple Kns2 is a dark-green ish, soft, micaceous
mudstone with fre quent gas tro pod and mol lusc shells. Within this mudstone, a
50-cm in di am e ter block of a hard grey ish-wil low-green marl oc curs (Kns3). 

Much larger blocks of a sim i lar li thol ogy (up to 2–3 m in di am e ter) oc cur 15 m
up stream in the creek bed (Kns4: a hard, pale-wil low-green marl). In the scarp, 3 m
above these blocks, a soft, brown ish sandy mudstone with the shell de tri tus is ex -
posed (Kns5).

15 m up stream, a large scarp be gins (ex po sure B; Fig. 3; Fig. 4G). A dark-col -
oured (brown ish and green ish-brown ish), rel a tively soft (eas ily disintegrative)
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Fig. 3. Lo ca tion of the stud ied ex po sures of the Popiele beds and col lected sam ples



MA TE RIAL 15

Fig. 4. Ex po sures of the Popiele beds at Koniusza. A – frag ment of ex po sure A; B, C – close-ups of
the cha otic de pos its of the Popiele beds; D, E – views on ex po sure B with block of hard pale-col oured
marl (sam ples Kns24, 25) sur rounded by dark-col oured mudstone (sam ple Kns22); F – cross-sec tion
through a con glom er ate from the Popiele beds: green ish and pale-col oured clasts stick in dark
mudstone; G – frag ment of ex po sure B; H – de tail of ex po sure B with pale-green ish clay (sam ple
Kns27) sur rounded by dark-brown micacoeus mudstone (sam ple Kns26)
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Fig. 5. Macrofauna from the Popiele beds (ex po sure A). A – scaphopod shell; B–E – gas tro pod
shells in dark-brown micaceous mudstone; F – bi valve shell; G–I – ex tracted gas tro pod shells (scale
bars = 1 cm)



mas sive mudstone crops out there at a dis tance of 17 m (Kns6–10, 22, 26, 28, 29).
Sam ples Kns6, Kns7 and Kns9, like sam ple Kns5, con tain fre quent shell de tri tus.
Sam ple Kns8 was taken from a pale-green ish, eas ily disintegrative cal car e ous
mudstone, whereas sam ple Kns10 is a pale-green ish, rel a tively hard, poorly cal car -
e ous mudstone that oc curred within a darker-col oured, soft mudstone. Sam ple
Kns27 was col lected from a non-cal car e ous pale-green ish shale whereas sam ple
Kns26 from a neigh bour ing dark mudstone (Fig. 4G, H). A block of hard pale-col -
oured marl that crops out in the west ern part of the ex po sure B was sam pled:
Kns24, Kns25 (Fig. 3, Fig. 4D, E). It was con tained in a dark-brown mudstone
(sam ple Kns22). There oc cur also sev eral smaller blocks of pale-green ish (Kns23)
and ol ive-grey ish (Kns30) marl (up to sev eral cm in di am e ter). Small peb bles of a
hard, pale-col oured marl (be low 1 cm in di am e ter) oc ca sion ally form con glom er -
ates with a dark-brown micaceous ma trix (Fig. 4F). 

Sam ple Kns11 rep re sents a pale-brown ish-beige, soft, cal car e ous sandy mud-
stone. It was col lected from a small out crop in the south ern creek bank, 20 m up -
stream. 

45-m far ther up stream, an other large scarp be gins (ex po sure A; Fig. 3, Fig.
4A–C). Eleven sam ples were taken there (Kns12–14, 17–21, 31–33). Sam ple
Kns12 is a non-cal car e ous dark-brown soft claystone show ing sub tle lam i na tion,
col lected from the east ern part of the ex po sure. Sam ples Kns17–21 and Kns33 are
poorly cal car e ous dark-green ish-brown ish soft mudstone with fre quent cal car e ous
shell de tri tus. Sam ples Kns31 and Kns32 are a dark-brown ish non-cal car e ous clay
with out shell de tri tus. The dark mudstone in ex po sure A con tains very rich
macrofauna (Fig. 5).

There are no good ex po sures up stream – only a small iso lated ex po sure of a
non-cal car e ous, green ish, soft mudstone (Kns15) was found in a scarp of its south -
ern trib u tary (Fig. 1C). 50-m far ther up stream, black and dark-brown cal car e ous
shale and thin-bed ded sand stones of the Menilite beds crop out. Sam ple Kns16
was taken from a hard, highly cal car e ous, plate-split ting black shale.

Two sam ples from the poorly ex posed down stream Hi ero glyphic beds were
taken: KnsH1 and KnsH2 (ap prox i mately 150 m and 80 m from sam ple Kns1, re -
spec tively; Fig. 3). Both sam ples rep re sent the same li thol ogy: a pale-green ish
non-cal car e ous soft clay shale. 

METH ODS

The sam ples were pro cessed in the micropalaeontological lab o ra tory of the In -
sti tute of Geo log i cal Sci ences, Pol ish Acad emy of Sci ences, Kraków. The ap plied
stan dard palynological pro ce dure in cluded 38% hy dro chlo ric acid (HCl) treat -
ment, 40% hy dro flu oric acid (HF) treat ment, heavy liq uid (ZnCl2+HCl; den sity 2.0 
g/cm3) sep a ra tion, ul tra sonic clean ing for 10–15 s and siev ing at 15 µm on a ny lon
mesh. No ni tric acid (HNO3) treat ment was ap plied. 

The quan tity of rock pro cessed was 20 g for each sam ple. Mi cro scope slides
were made from each sam ple us ing glyc er ine jelly as a mount ing me dium. The rock
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sam ples, palynological res i dues and slides are stored in the In sti tute of Geo log i cal
Sci ences, Pol ish Acad emy of Sci ences, Kraków.

The quan ti ta tive anal y sis of palynological or ganic mat ter was done by sim ple
mea sur ing of its col umn in 2 ml tubes.

The qual i ta tive anal y sis of the or ganic par ti cles larger than 15 µm, i.e., the
palynofacies sensu Combaz (1964) of the sam ples stud ied, was cal cu lated by
count ing 500 palynomorphs and phytoclasts from each sam ple. Their com po si tion
was based on the palynofacies el e ment clas si fi ca tions pro posed by Tyson (1995)
and Bat ten (1996). The fol low ing main palynofacies el e ment cat e go ries have been
dis tin guished: 

– black, opaque phytoclasts – these are the woody par ti cles most re sis tant to
bac te rial de cay and ox i da tion; their ac cu mu la tion is as so ci ated with high en ergy
en vi ron ments (e.g., Bat ten, 1996) but they are also known from the low en ergy off -
shore fa cies (e.g., Tyson, 1989); 

– dark-brown phytoclasts (com monly opaque in their cen tres, but trans lu cent
at the edges) are poorly struc tured or un struc tured woody frag ments; 

– cu ti cles – land-plant frag ments with well pre served tis sue struc ture; in the
most cases they are leaves frag ments; their fre quency de creases off shore (Bat ten,
1996), but they are com mon in turbidites (Gedl & Leszczyñski, 2005); 

– sporomorphs – in clude spores and pol len grains; land-de rived el e ments,
which are trans ported into ma rine ba sin ei ther by rivers or by wind (es pe cially pol -
len grains); usu ally ac cu mu lated in prox i mal set tings, but due to high buoy ancy
(par tic u larly pol len grains) they may oc cur in high ra tios in off shore set tings (see
Bat ten, 1996 for dis cus sion); 

– dinoflagellate cysts – the most of their fos sil forms is ma rine plank ton as so ci -
ated with prox i mal set tings; peridinioid dom i nance is usu ally as so ci ated with
estuarine or brack ish en vi ron ments, whereas gonyaulacoids are more com mon off -
shore; how ever, peridinioids are also re lated to upwelling ar eas (e.g., Powell et al.
1992);

– al gae – this group in cludes in the ma te rial stud ied the Prasinophycean al gae
ge nus Tasmanites (see e.g., Guy-Ohlson, 1996), and an incertae sedis, which re -
sem bles “Ge nus et spe cies ind.” sensu Biffi & Manum (1988, pl. 15, figs 9, 10, 13;
this form was ten ta tively at trib uted to the Prasinophycean al gae ge nus Schizosporis
by Brinkhuis, 1992, pl. I, fig. 1). Fresh wa ter al gae are rep re sented by very rare
spec i mens of Botryococcus; they are not in cluded in this group; 

– foraminiferal or ganic lin ings – these are or ganic rem nants of cal car e ous
foraminiferal tests, mainly ben thic forms; they oc cur al most ex clu sively in ma rine
de pos its (see e.g., Bat ten, 1996; Stancliffe, 1996). 

The first four cat e go ries rep re sent land-de rived el e ments, whereas the re main -
ing three cat e go ries are aquatic (mainly ma rine). Amor phous or ganic par ti cles rep -
re sent an ad di tional cat e gory group ing par ti cles of un cer tain or i gin al tered by bac -
te rial de cay. 

Dinoflagellate cysts were ana lysed for their fre quency and di ver sity; in this pur -
pose all dinoflagellate cysts from one slide were counted; in a case of less fre quent
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as sem blages, an ex tra sec ond slide was in ves ti gated. On this base, a dom i nance in dex 
(the ra tio of summed fre quency of the two most nu mer ous spe cies to the to tal num ber
of dinoflagellate cysts counted) and the Shan non-Weaver di ver sity in dex (H’) were
cal cu lated. The lat ter in dex was cal cu lated as: H’ = –Spi ln(pi) where pi is the rel a tive
abun dance of each taxon; the Shan non-Weaver in dex was ex pressed as: eH’.

RE SULTS

In this chap ter, palynological char ac ter is tics of the sam ples stud ied is briefly de -
scribed. Their palynofacies are shown in Fig ure 6. A spe cial at ten tion is fo cused on
the com po si tion of the or ganic-walled dinoflagellate cyst as sem blages. Spe cies fre -
quen cies in the sam ples stud ied are shown in Fig ure 7. Fre quen cies of other aquatic
palynomorphs, when ap pear ing in high ra tio, are given.

The Popiele beds

All sam ples from the Popiele beds con tain rich palynological or ganic mat ter;
their com po si tion, how ever, dif fers be tween sam ples. This re fers es pe cially to the
ra tio of the ter res trial to ma rine el e ments, and qual i ta tive com po si tion of the
dinoflagellate cyst as sem blages. The palynofacies com po si tions re flect sam ple li -
thol ogy: palynofacies of the sam ples col lected from the pale-col oured marl char ac -
ter izes abun dance of aquatic palynomorphs (mainly dinoflagellate cysts); the
dark-col oured fossiliferous mudstone, in turn, con tains a high ra tio of land-de rived
phytoclasts and palynomorphs (Fig. 6).

Pale-col oured marl. This rock gen er ally con tains a lower amount of palynolo-
gical or ganic mat ter (be low 1 mm of re sid uum col umn height in 2 ml tube) than the
dark mudstone. The ter res trial el e ments pres ent are sporomorphs (mainly pol len
grains) and black opaque phytoclasts, whereas cu ti cles are ev i dently sub or di nate
(Fig. 8). The dinoflagellate cyst ra tio is high, from 40% to over 80%. The other
aquatic palynomorphs are rep re sented by an incertae sedis (Schizosporis?), whereas
Tasmanites and foraminiferal or ganic lin ings are ab sent or very rare.

Sam ple Kns4 con tains a high ra tio of dinoflagellate cysts (over 35%; Fig. 8B)
and a still higher ra tio of black, opaque phytoclasts (60%); cu ti cles and sporo-
morphs are rare – be low 5%. An incertae sedis (Schizosporis?) is fre quent, whereas 
Tasmanites oc curs as sin gle spec i mens. Dinoflagellate cysts are mod er ately pre -
served; some spec i mens, in clud ing a com mon chorate morphotype (api cal archa-
eopyle, solid short non-tab u lar pro cesses, ques tion ably in cluded to Cleistosphae-
ridium? sp. – up to 20%), are torn off. Other spec i mens, in clud ing dom i nat ing
Spiniferites ramosus (over 30%), Homotryblium tenuispinosum (15%) and Deflan- 
drea (12% – mainly D. granulata; some spec i mens show fungi in fec tions) are rel a -
tively well pre served. Impagidinium is rare.

A high ra tio of black opaque phytoclasts is also noted in sam ples Kns23, Kns24
and Kns25 be ing the high est in sam ple Kns24 – al most 90% (Fig. 6). The lat ter
sam ple is the only one among the pale-col oured sam ples, which con tains a very low 
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Fig. 6. Palynofacies of the sam ples stud ied





ra tio of dinoflagellate cysts (8%); their as sem blage is dom i nated by Homotryblium
tenuispinosum and Spiniferites ramosus. Sam ple Kns23 con tains over 40% of
dinoflagellate cysts (al though com monly in com plete, torn-off spec i mens); they are 
dom i nated by Spiniferites ramosus; Homotryblium tenuispinosum is sub or di nate.
Palynofacies of the sam ple Kns25 con sists in 48% of dinoflagellate cysts; their as -
sem blage is dom i nated by Homotryblium tenuispinosum and Polysphaeridium
subtile, which in sim i lar pro por tions rep re sent to gether al most 85%. Rel a tively fre -
quent is Cordosphaeridium gracile. Peridinioids are nearly ab sent: sin gle spec i -
mens of Deflandrea phosphoritica and D. arcuata oc cur. An incertae sedis
(Schizosporis?) oc curs in all three sam ples be ing the most fre quent in sam ple
Kns23.

Palynofacies of sam ple Kns3 is dis tin guished by rel a tively a high pro por tion of
cu ti cles (al most 20%). Its dinoflagellate cyst as sem blage also con tains, un usual for
pale-col oured marl, a high per cent age of Deflandrea (up to 20%) rep re sented
mainly by D. phosphoritica (other spe cies are in fre quent: D. leptodermata, D.
granulata). A note wor thy fact is the pres ence of Deflandrea spec i mens in fected by
fungi. The most fre quent taxa, like in other pale-col oured marl are Polysphae-
ridium (P. zoharyi, P. subtile; 40%) and Homotryblium (H. tenuispinosum, H.
abbreviatum; 30%); an incertae sedis (Schizosporis?) is also com mon. 

Sam ple Kns30, in turn, is dis tin guished by a high amount of palynological or -
ganic mat ter char ac ter is tic for dark-col oured mudstone. But its palynofacies is typ -
i cal for pale-col ored marl: it con sists of fre quent dinoflagellate cysts (over 40%)
and palynodebris in clud ing black, opaque and dark-brown phytoclasts (50%).
Dinoflagellate cyst as sem blage is dom i nated by Homotryblium (mainly H. tenui-
spinosum; 48%), Polysphaeridium (mainly P. subtile; 14%), and Cleistosphae-
ridium sp. (6%). Re main ing taxa are rep re sented by chorate gonyaulacoids;
peridinioids are very rare – mainly Deflandrea spp. and sin gle spec i mens of Char-
lesdowniea and Wetzeliella. Some spec i mens of Deflandrea, as in sam ples Kns3
and Kns4, bear traces of fungi ac tiv i ties.

Pale-col oured mudstone. Two sam ples col lected from this rock yielded var i -
ous palynofacies. The one of sam ple Kns10 is sim i lar to palynofacies of pale-col -
oured marl de scribed above: it is com posed mainly of black opaque phytoclasts and 
dinoflagellate cysts (Fig. 8D). In this sam ple an incertae sedis (Schizosporis?) also
oc curs. Dinoflagellate cyst as sem blage con sists chiefly of gonyaulacoids, among
which Spiniferites ramosus is the most nu mer ous. Other fre quent chorate gonya-
ulacoids in clude Operculodinium centrocarpum, Enneadocysta pectiniformis, Ho- 
motryblium pallidum. Rep re sen ta tives of Impagidinium are rel a tively fre quent.
Peridinioids are in fre quent and in clude mainly Dracodinium laszczynskii (com -
monly as iso lated endocysts). 

A dif fer ent palynofacies was found in sam ple Kns8: it is char ac ter ized by al -
most 20% of pol len grains (Fig. 6, Fig. 8C) and over 35% of dinoflagellate cysts.
Al though dinoflagellate cyst as sem blage is tax o nom i cally di ver si fied, a fre quent
oc cur rence (up to 30%) of Spiniferites ramosus and Achomosphaera sp. is noted.
Operculodinium centrocarpum and Systematophora cf. placacantha are rel a tively
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com mon. Note wor thy is the oc cur rence of Impagidinium, which rep re sents a few
per cent of the as sem blage, and a com plete lack of Deflandrea and Charlesdowniea
(peridinioids are rep re sented by rare spec i mens of Lentinia serrata, Phthano-
peridinium sp. and Dracodinium laszczynskii). A fea ture that dis tin guishes palyno-
fa cies of this sam ple from other pale-col oured marl sam ples is a rare oc cur rence of
Homotryblium. An incertae sedis (Schizosporis?) oc curs rel a tively fre quently,
whereas there are nei ther Tasmanites nor foraminiferal or ganic lin ings.
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Fig. 8. Palynofacies of pale-col oured marls from the Popiele beds (A–E) and the Hi ero glyphic
beds (F) at Koniusza. A – sam ple Kns3; B – sam ple Kns4; C – sam ple Kns8; D – sam ple Kns9; E –
Kns25; F – KnsH2 (scale bar in F rep re sents 0.5 mm and re fers to all other pho to mi cro graphs)



The non-cal car e ous pale-green ish clay (sam ple Kns27) con tains 46% of
dinoflagellate cysts; phytoclasts (dark-brown and black, opaque equidimensional)
rep re sent a sim i lar pro por tion. Dinoflagellate cyst as sem blage is dom i nated by Spi-
niferites ramosus (48%). Homotryblium tenuispinosum and Dapsilidinium pseudo-
colligerum are rel a tively fre quent. It is worth while to no tice the oc cur rence of Im-
pagidinium. Peridinioids are very rare with sin gle spec i mens of Wetzeliella sp.,
Deflandrea phosphoritica, Wilsonidinium sp. and Phthanoperidinium? eocenicum.

 The dark-col oured fossiliferous mudstone re veals a higher amount of the
palynological or ganic mat ter than pale-col oured marl (above 2 mm of re sid uum
col umn height in 2 ml tube); more over, it is dom i nated by ter res trial el e ments,
mainly cu ti cle re mains. Aquatic palynomorphs are sub or di nate; they com monly in -
clude, be side dinoflagellate cysts, Tasmanites and foraminiferal or ganic lin ings.
The main dif fer ences in palynofacies be tween these sam ples re fer to the ra tios of
cu ti cles and aquatic el e ments (Fig. 6).

Palynofacies of the most sam ples (Kns5–7, Kns9, Kns12–15, Kns17–22,
Kns26, Kns28, Kns29 and Kns31–33) are dom i nated by cu ti cles (30–60%) as so -
ci ated with dark-brown phytoclasts and sporomorphs (mainly bisaccate pol len
grains – from a few to 20%; see Fig. 6). Black, opaque phytoclasts are rare in these
sam ples – their pro por tion in some sam ples (e.g., Kns18–21) does not ex ceed 3%
(Fig. 6). Oc cur rence of Tasmanites and foraminiferal or ganic lin ings is also char ac -
ter is tic: they oc cur in all the sam ples stud ied, in some be ing even 2–3% (e.g., Kns15 
and Kns18, re spec tively; Fig. 6). Dinoflagellate cysts are mod er ately pre served be -
ing com monly wrin kled and torn off: some spec i mens are pre served as un de ter min -
able frag ments only. Their as sem blages are gen er ally tax o nom i cally di verse in the
most of the sam ples stud ied (Kns5–7, Kns12, Kns13, Kns17–22, Kns28 and
Kns31–33): they are dom i nated by chorate gonyaulacoids in clud ing: Spiniferites
ramosus, Homotryblium spp. (H. pallidum, H. plectilum, H. aculeatum), Operculo- 
dinium spp. (O. centrocarpum, O. microtriainum, O. ti ara), and less fre quent
Heterosphaeridium sp., Cordosphaeridium sp., Areosphaeridium sp. (Fig. 7).
Peridinioids oc cur in all sam ples be ing rep re sented chiefly by Deflandrea spp. (D.
heterophlycta, D. phosphoritica) and Charlesdowniea coleothrypta. A char ac ter is -
tic fea ture of the dark-col oured fossiliferous mudstone is nearly the lack of
Impagidinium – off 20 sam ples its spec i mens have been found in Kns5 and Kns13,
sin gle spec i mens in Kns2, Kns18 and Kns28 only. 

Sam ples from the dark-col oured mudstone con tain high ra tios of cu ti cles, usu -
ally up to 50–60 µm in size; five sam ples, how ever, show larger cu ti cles up to 100
µm and larger: Kns9, Kns14, Kns26, Kns29 and Kns31 (Fig. 9F, H). Dinoflage-
llate cysts from these sam ples are char ac ter ized by a rel a tively low num ber of spe -
cies and, con trary to other sam ples, by a dom i na tion or fre quent oc cur rence of
Deflandrea. This ge nus, mainly D. phosphoritica and D. heterophlycta, dom i nates
in sam ples Kns9, Kns26, Kns29 and Kns31; it is as so ci ated by fre quent spec i mens
of Homotryblium pallidum. Spiniferites ramosus and Deflandrea spp. are most fre -
quent in sam ple Kns14. Tasmanites and fre quent foraminiferal or ganic lin ings are
pres ent in all these sam ples.
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Two sam ples, Kns1 and Kns2, con tain much higher ra tio (over 40%; Fig. 9A,
9B) of black, opaque phytoclasts; they are of ten elon gated. In these sam ples, cu ti cle 
pro por tion slightly ex ceeds 30%. An other char ac ter is tic fea ture is a scar city of
sporomorphs – ap prox i mately 1% only. Dinoflagellate cysts rep re sent up to 10%;
they are pale-col oured and rel a tively well pre served, al though they are com monly
wrin kled and torn-off, thus pre served as frag ments. Their as sem blages dif fer be -
tween these two sam ples. Dinoflagellate cysts in sam ple Kns1 are dom i nated by
Homotryblium (mainly H. plectilum and H. tenuispinosum), which rep re sents over
50%. Areosphaeridium dityoplokum is sec ond in fre quency (up to 15%); this spe -
cies oc curs mainly as iso lated opercula. Also fre quent is Deflandrea (rep re sented
chiefly by D. phosphoritica, com monly me chan i cally dam aged) – 10%. This is the
most fre quent peridinoid in this sam ple; the oth ers are rep re sented by rare spec i -
mens of Charlesdowniea sp., Lentinia serrata and Rhombodinium perforatum.
Rel a tively fre quent (up to a few per cent) are chorate gonyaulacoids (Operculodi-
nium microtriainum, O. centrocarpum, Heterosphaeridium sp.) and Thalassiphora 
pelagica. Note wor thy is al most com plete lack of Spiniferites. The as sem blage from 
sam ple Kns2 is dom i nated by Deflandrea (D. phosphoritica, D. heterophlycta) –
over 40% and Homotryblium (mainly H. plectilum, H. pallidum) – up to 30%. Rel a -
tively fre quent are Thalassiphora pelagica, Samlandia chlamydophora, Operculo- 
dinium spp. There are al most no Spiniferites. Both sam ples con tain rel a tively fre -
quent Tasmanites and foraminiferal or ganic lin ings, whereas rare spec i mens of
fresh wa ter al gae Botryococcus oc cur in Kns2.

Sam ple Kns11 is an other dark-col oured sam ple with a pe cu liar palynofacies: it
con tains 40% of pol len grains; dinoflagellate cysts are up to 20% (Fig. 6). Both
palynomorph types are strongly dam aged. For ex am ple, al most all fre quent spec i -
mens of Deflandrea are torn-off. Dinoflagellate cyst as sem blage is tax o nom i cally
mod er ately di ver si fied. It is dom i nated by Spiniferites ramosus and Deflandrea (D. 
phosphoritica and D. heterophlycta). Ad di tion ally, rel a tively fre quent are Opercu-
lodinium centrocarpum, Homotryblium (H. plectilum and H. pallidum). There are
no Impagidinium. The other aquatic palynomorphs are rep re sented by in fre quent
Tasmanites.

Sam ple Kns15 lacks dinoflagellate cysts and con tains very low amounts of
palynological or ganic mat ter. Its par ti cles are rep re sented by large-sized cu ti cles,
which bear traces of cor ro sion. In fre quent pol len grains and sin gle spec i mens of
Tasmanites are also cor roded. .
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Fig. 9. Palynofacies of dark-col oured fossiliferous mudstones from the Popiele beds at Koniusza.
A – sam ple Kns1; B – sam ple Kns2; C – sam ple Kns5; D – sam ple Kns6; E – sam ple Kns7; F – sam ple
Kns9; G – sam ple Kns12; H – sam ple Kns14 (scale bar in H rep re sents 0.5 mm and re fers to all other
pho to mi cro graphs)
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The Hi ero glyphic beds

The Hi ero glyphic beds ex posed east of the Popiele beds out crops (Fig. 3) yield a 
dif fer ent palynological or ganic mat ter. Sam ple KnsH1 con tains low amounts of
palynological or ganic mat ter com posed al most en tirely of black opaque phyto-
clasts. Palynofacies of sam ple KnsH2 con sists of black opaque phytoclasts and
dinoflagellate cysts (10%; Fig. 8F). Their as sem blage is com posed of gonyau-
lacoids (only a few sin gle peridinioids oc cur) dom i nated by Spiniferites ramosus,
Areoligera cf. medusettiformis, Operculodinium centrocarpum, and subordinare
Adnatosphaeridium multispinosum and Cordosphaeridium gracile.

The Menilite beds

Sam ple Kns16 yielded ex tremely high amount of palynological or ganic mat ter
com posed ex clu sively of structureless or ganic mat ter (Fig. 10A), mainly thick
cloaks of structureless mat ter (Fig. 10D) with in fre quent black opaque crys tals (py -
rite?).It seems that in some par ti cles cu ti cle-like struc tures are pre served. Palyno-
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Fig. 10. Palynofacies, palynomorphs and phytoclasts of the Menilite beds (sam ple Kns16) from the
Popiele beds at Koniusza. A – palynofacies (scale bar = 0.5 mm); B – un de ter mined dinoflagellate
cyst sur rounded by cloaks of structureless or ganic mat ter (scale bar = 25 µm); C – foraminiferal
or ganic lin ing (scale bar = 25 µm); D – cloaks of structureless or ganic mat ter (scale bar = 25 µm)



morphs are rep re sented by rare, but very well pre served foraminiferal or ganic lin -
ings (Fig. 10C). There are also sin gle pale-col oured dinoflagellate cysts coated in
amor phous mat ter, which makes their de ter mi na tion im pos si ble (Fig. 10B).

BIOSTRATIGRAPHY OF THE POPIELE BEDS

The age in ter pre ta tion of the as sem blages stud ied is based on strati graphic
ranges of se lected dinoflagellate cyst spe cies fol low ing Stover et al. (1996) and
Wil liams et al. (2001), and sup ported by biostratigraphic data from the north-west -
ern Eu rope (e.g., Bujak et al., 1980; Köthe & Piesker, 2008; Köthe, 2009) and the
Pol ish Carpathians (e.g., Gedl, 2004a, 2005; Fig. 11). 

The old est dinoflagellate cyst as sem blages oc cur in the pale-col oured marl.
Sam ples Kns3 and Kns4 con tain Cerebrocysta bartonensis, which ap peared for the
first time dur ing the Early Bartonian. The sam ples lack spe cies which ap peared for
the first time dur ing youn ger stages of the Bartonian (e.g., Lentinia serrata,
Corrudinium incompositum) and dur ing the Priabonian. These two sam ples con -
tain also Apectodinium homomorphum (a spe cies ab sent from ma jor ity of other
sam ples), which ac cord ing to Stover et al. (1996) ap peared for the last time dur ing
the Early Bartonian. This sug gests that these sam ples rep re sent the Bartonian, pre -
sum ably the Lower Bartonian. A char ac ter is tic fea ture of these as sem blages is a
very fre quent oc cur rence of Homotryblium tenuispinosum; a com mon oc cur rence
of this spe cies is also typ i cal for the other pale-col oured marl sam ples (Kns23–25
and Kns30), and the pale-col oured non-cal car e ous clay (Kns27). This fea ture, al -
though in di rectly, points to the Bartonian age of the lat ter sam ples, which con tain
as sem blages de void of stratigraphically im por tant spe cies. An ex cep tion to this is
the oc cur rence of Apectodinium homomorphum in sam ple Kns24, which sug gests
an Early Bartonian (or older) age com pa ra ble to that of sam ples Kns3 and Kns4,
and the oc cur rence of Cerebrocysta bartonensis (as so ci ated by Areosphaeridium
diktyoplokum and A. michoudii) in sam ple Kns27 (pale-col oured non-cal car e ous
clay), which sug gests the Bartonian age. Sam ple Kns25, which is de void of
stratigraphically im por tant spe cies (ex cept of A. diktyoplokum), and con tains fre -
quent H. tenuispinosum, was col lected from the same marl block as was the sam ple
Kns24. Sam ple Kns23 col lected from a small marl block con tains, be side fre quent
H. tenuispinosum, spe cies that oc cur in sam ple KnsH2 from the Hi ero glyphic beds
(Ypresian–lower Bartonian; Fig. 2): Areoligera cf. medusettiformis, and Gen. et
spec. indet. C. The lat ter spe cies oc curs also in sam ple Kns25. A Bartonian age of
the sam ple Kns30, lack ing age-di ag nos tic spe cies, was ten ta tively de ter mined on
the base of fre quent oc cur rence of H. tenuispinosum (Fig. 11).

The most of sam ples from fossiliferous mudstone con tain dinoflagellate cysts,
the age of which was in ter preted as the Priabonian. This as sump tion is based mainly 
on the oc cur rence of Rhombodinium perforatum, its Eocene strati graphic range be -
ing lim ited to the Priabonian (Bujak et al., 1980). How ever, this spe cies is very rare
in the ma te rial stud ied. An other in di ca tor of the Priabonian age is Enneadocysta
pectiniformis which, ac cord ing to Stover & Wil liams (1995), has the low est oc cur -
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rence in the basal Priabonian. Age de ter mi na tion of the Priabonian dinoflagellate
cyst as sem blages dif fers slightly be tween sam ples. This sug gests that the fossili-
ferous mudstone, which are the main rock that build the Popiele beds, was de pos -
ited dur ing dif fer ent time in ter vals of the Priabonian.

Pre sum ably the old est Priabonian dinoflagellate cyst as sem blages are those
which con tain Rhombodinium perforatum, and lack Enneadocysta pectinoforme (a
spe cies which ap peared for the first time dur ing the later Early Priabonian); such as -
sem blages have been found in sam ples Kns1, Kns2, Kns28, Kns29. This in ter pre ta -
tion is sup ported by the pres ence of Heterelaucacysta porosa (its last ap pear ance
dur ing the ear li est Priabonian; e.g., Köthe & Piesker, 2008; Köthe, 2009) in sam ple
Kns1. Ad di tion ally, sam ples Kns1 and Kns2 yielded sin gle spec i mens of Cordo-
sphaeridium? solidospinosum de scribed from the pre sum ably Mid dle Eocene
strata of the Pol ish Carpathians (Gedl, 1995b).

The co-oc cur rence of Heterelaucacysta porosa, Enneadocysta pectiniformis
and Rhombodinium perforatum (the two lat ter spec i mens ap peared for the first time 
dur ing the Early Priabonian) in sam ples Kns5, Kns7 and Kns22 sug gests that they
are slightly youn ger, but still Early Priabonian (Fig. 11). 

The dinoflagellate cyst as sem blages from sam ples Kns8 and Kns10 (pale-col -
oured mudstone) seem to be youn ger than the pre ced ing sam ples, but still Early?-
mid? Priabonian. They lack Heterelaucacysta porosa, but con tain Enneadocysta
pectiniformis and Rhombodinium perforatum. These sam ples yielded also Draco-
dinium laszczynskii, a spe cies which in the Pol ish Carpathians seems to have ap -
peared for the last time dur ing the early Priabonian. The high est oc cur rence of this
spe cies was noted in green ish cal car e ous shale that oc cur in the basal part of the
Leluchów Shale Mem ber (equiv a lent of the so-called Globigerina marls of the
Flysch Carpathian units in Po land; Gedl, 2004a) cor re lated by Oszczypko (1996)
with the cal car e ous nannoplankton zones NP19–20. Cordosphaeridium funi-
culatum, an other spe cies pres ent in both sam ples, has the high est oc cur rence in the
mid-Priabonian strata.

Sam ples Kns9 and Kns11 rep re sent, pre sum ably, a slightly higher part of the
Priabonian (Fig. 11). This is in di cated by the co-oc cur rence of Rhombodinium
perforatum, Enneadocysta pectiniformis and Areosphaeridium michoudii, and by
the lack of older spe cies (i.e., H. porosa, C. bartonensis and C. funiculatum). The
high est oc cur rence of A. michoudii was noted in the Pol ish Carpathians within the
Globigerina marls (e.g., Gedl, 2004a). This event has no pre cise dat ing so far, it pre -
sum ably took place dur ing the mid-Priabonian, prior to the first ap pear ance of
mid-late Priabonian spe cies such as Reticulatosphaera actinocoronata (Gedl,
2004a).

The youn gest, pre sum ably Late Priabonian, dinoflagellate cyst as sem blages oc -
cur in sam ples Kns6, Kns12 and Kns13 (Fig. 11). This as sump tion is based on the
pres ence of Reticulatosphaera actinocoronata. This spe cies ap peared for the first
time dur ing the mid-late Priabonian. It is re corded from the Pol ish Flysch Carpa-
thians from the top most part of the Globigerina marls (Gedl, 2004a, 2005b) or its
time-equiv a lents (Gedl, 2005). The youn gest age-range of as sem blages from these
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sam ples might be not older than the lat est Priabonian. This is sug gested by the lack
of spe cies which had ap peared for the first time dur ing the Eocene–Oligocene tran -
si tion (Areoligera semicirculata) or slightly ear lier (Wetzeliella gochtii).

Sev eral sam ples – Kns17–21, Kns26, Kns32, Kns33 – con tain as sem blages with 
Enneadocysta pectiniformis and some other Eocene spe cies (Areosphaeridium
diktyoplokum, A. michoudii, Heterelaucacysta porosa) but with out Rhombodinium 
perforatum. Their age can be in ter preted as Priabonian, sim i larly as those sam ples
(e.g., Kns1 and Kns2), which con tain the lat ter spe cies. It should be noted that R.
perforatum is a rare spe cies in the ma te rial stud ied (1–2 spec i mens per slide).
Among above dis cussed sam ples, those with H. porosa (Kns18, Kns20, Kns21,
Kns33) likely rep re sent basal part of the Priabonian, whereas those with out H.
porosa (Kns17, Kns19, Kns26, Kns32) – are pre sum ably slightly youn ger.

Dinoflagellate cyst as sem blages from sam ples Kns14 and Kns31 con sist of spe -
cies with long strati graphic ranges. Pres ence of Areosphaeridium diktyoplokum,
and a gen eral sim i lar ity to as sem blages from the other sam ples stud ied, sug gests a
wide time-span age of these sam ples – Bartonian–Priabonian.

The age of sam ple Kns15 can not be de ter mined due to a lack of dinoflagellate
cysts. The same ap plies to sam ple Kns16 col lected from black shale of the Menilite
beds. How ever, this sam ple yielded amor phous or ganic mat ter, which is typ i cal for
the Oligocene Menilite beds (e.g., Gedl, 1999, 2004a).

Redeposition

A char ac ter is tic fea ture of the dinoflagellate cyst as sem blages from Koniusza is
al most com plete ab sence of the re cy cled pre-Eocene spe cies: only one spec i men of
the Mid dle Ju ras sic Ctenidodinium sp. (C. combazii/C. ornatum) was found in sam -
ple Kns30. Two re worked spec i mens (Ctenidodinium sp., Cribroperidinium
?edwardsii – the lat ter pre sum ably Early Cre ta ceous) were found in the Hi ero -
glyphic beds. This points at re stricted ero sion of Me so zoic rocks dur ing the Mid -
dle-Late Eocene in this part of the Carpathian ba sin mar gin. 

There are also no in di ca tions of in creased re work ing of Palaeogene spec i mens
dur ing the Mid dle-Late Eocene at north ern mar gin of the Skole Ba sin. The typ i cal
Bartonian spe cies like Areoligera cf. medusettiformis sensu Eaton (1976), Wilso-
nidium? sp., Hystrichokolpoma cf. rigaudiae, Charlesdowniea columna, Homotry- 
blium abbreviatum, Phthanoperidinium delicatum or Apectodinium homomorphu- 
m are pres ent ex clu sively in the Bartonian sam ples of the Popiele beds and the Hi -
ero glyphic beds (Fig. 7). Some other spe cies that fre quently oc cur in the Bartonian
sam ples (e.g., Homotryblium tenuispinosum, Polysphaeridium subtile) are ab sent
from most of the Priabonian sam ples. Only a few sam ples dated as Priabonian
(Kns10, Kns11, Kns12) yielded also spec i mens of Cerebrocysta bartonensis,
which is treated as a Bartonian spe cies (Fig. 11). This in di cates that there was vir tu -
ally no ero sion of the Bartonian strata dur ing Priabonian. If there was any, it must
have been very lim ited.
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Di ver sity of dinoflagellate cyst as sem blages

Fre quency of dinoflagellate cyst taxa as well as their di ver sity in the ma te rial
stud ied is re lated to par tic u lar lithofacies that build the Popiele beds (Fig. 12).

The most tax o nom i cally im pov er ished as sem blages oc cur in the pale-col oured
marl, where num ber of taxa does not ex ceed 32 in sam ples Kns23, Kns24, Kns30,
Kns25 and Kns4, be ing the low est in sam ples Kns23 and Kns24 (18 taxa). A low
taxa num ber is re corded in a non-cal car e ous clay sam ple Kns27 (24 taxa). Sam ple
KnsH2 from the Hi ero glyphic beds (non-cal car e ous clay) also con tains tax o nom i -
cally im pov er ished as sem blage con sist ing of 22 taxa. The only ex cep tion among
sam ples from pale-col oured lithologies is Kns8 (pale-col oured mudstone), which
con tains a tax o nom i cally rich as sem blage con sist ing of 66 taxa – the rich est one
among all sam ples stud ied (Fig. 12).

More di ver si fied as sem blages are iden ti fied in the dark-col oured mudstone:
their taxa num ber usu ally ex ceeds 31, with the max i mum over 45 taxa (sam ples
Kns22, Kns6 and Kns12) and even 65 in sam ple Kns5 (Fig. 12). Only a few
pale-col oured sam ples con tain im pov er ished as sem blages (i.e., be low 32 taxa)
com pa ra ble to the ones from the pale-col oured lithologies (Kns29, Kns1, Kns2,
Kns26, Kns9, Kns14 and Kns31; Fig. 12).

Dinoflagellate cyst as sem blages from pale-col oured lithologies are also out -
stand ing when dom i nance in dex is con sid ered (Fig. 12): its val ues ex ceed 0.49
(max i mal val ues 0.75); there, Homotryblium is a dom i nant taxon. A high dom i -
nance in dex value (0.59) is also noted from the pale-col oured mudstone sam ple
Kns10. In this case, as in sam ple Kns8, dom i nat ing spe cies is Spiniferites ramosus.
The same re fers to the non-cal car e ous clay as sem blages (sam ple Kns27 and sam ple
KnsH2 from the Hi ero glyphic beds), with dom i nance in dex rel a tively high – above
0.55 (Fig. 12). S. ramosus is a dom i nant taxon also in these two sam ples.

In con trast, as sem blages from the dark-col oured lithologies are char ac ter ized by 
much lower val ues of the dom i nance in dex (be low 0.43, min i mal val ues 0.15–0.17; 
Fig. 12).

A dif fer ence be tween dinoflagellate cyst as sem blages from pale- and dark-col -
oured lithologies is vis i ble also when their di ver sity (cal cu lated as the Shan -
non-Weaver in dex) is com pared (Fig. 12). The low est val ues of this in dex, point ing
to the low di ver sity, is char ac ter is tic for pale-col oured lithologies; as sem blages
from both marl and non-cal car e ous clay show in dex val ues be low 12 (the only ex -
cep tion is sam ple Kns8, which con tains highly di ver si fied as sem blage – in dex
value equals 24). The value of the Shan non-Weaver in dex of sam ples rep re sent ing
the dark-col oured mudstone is, in turn, much higher – usu ally above 12, reach ing
even al most 34; it shows a much higher di ver sity of the dinoflagellate cyst as sem -
blages from the dark-col oured mudstone than from the pale-col oured lithologies
(Fig. 12).
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Dinoflagellate cyst palaeoenvironmental groups

Some Palaeogene dinoflagellate cyst taxa are be lieved to be good in di ca tors of
palaeoenvironmental pa ram e ters; they are widely used in palaeoenvironmental re -
con struc tions (see e.g., Brinkhuis, 1994; Sluijs et al., 2005). The fol low ing groups,
which in clude taxa of sim i lar palaeoenvironmental pref er ences, have been dis tin -
guished in the ma te rial stud ied:

– Homotryblium group – in cludes the ge nus Homotryblium, which mass oc cur -
rence in the fos sil ma te rial is as so ci ated by the most au thors with in creased sa lin ity
(e.g., Köthe, 1990; Brinkhuis, 1994; Pross & Schmiedl, 2002). Is lam (1984) treated 
this ge nus as a near-shore one, and re lated its pro cess length with in creas ing dis -
tance form shore; Dybkj³r (2004) re lated their length with vari able sa lin ity level.

– Polysphaeridium group – two spe cies are in cluded here: P. zoharyi and P.
subtile; their re cent motile stages are com monly found in the lit to ral hypersalinar
en vi ron ments (e.g., Wall & Dale, 1969; Brad ford & Wall, 1984; Ed wards &
Andrle, 1992; Reichart et al., 2004). A dif fer ent, euryhaline na ture of Polysphaeri-
dium zoharyi, was sug gested by Marret & Zonneveld (2003) who re ported it from
the low sa line environments.

– Operculodinium group – con sists of rep re sen ta tives of this ge nus, mainly O.
centrocarpum; this most likely cos mo pol i tan spe cies is known from a wide range of 
en vi ron ments, from estuarian to open off shore wa ters (Wall et al., 1977; Harland,
1983; Morzadec-Kerfourn, 1983; Brinkhuis, 1992, 1994; Ed wards & Andrle,
1992).

– Thalassiphora group – in cludes rep re sen ta tives of this ge nus, mainly T.
pelagica; the high ra tio of Thalassiphora is be lieved to be re lated to pe ri ods of strat -
i fied wa ter col umn with en hanced pro duc tiv ity, pos si bly as so ci ated with the ox y -
gen-de pleted bot tom-wa ter en vi ron ments (Köthe, 1990; Pross, 1997, 2001; Pross
& Schmiedl, 2002).

– Spiniferites group – in cludes the gen era Spiniferites and Achomosphaera,
which are cos mo pol i tan, be ing usu ally re ported from open sea shelf en vi ron ments
(Brinkhuis & Zahariasse, 1988; Is lam, 1984; Köthe, 1990; Brinkhuis, 1994).

– Impagidinium group – in cludes rep re sen ta tives of the ge nus Impagidinium,
and Ynezidinium brevisulcatum, which are typ i cal for the off shore en vi ron ments
(e.g., Wrenn & Kokinos, 1986; Brinkhuis et al., 1992; Brinkhuis, 1994; Zeven-
boom et al., 1994; Dale, 1996; Rochon et al., 1999; Marret & Zonneveld, 2003).
The in creased fre quency of Impagidinium was noted from hemipelagic lay ers of ap -
prox i mately co eval strata of the Magura Nappe, Flysch Carpathians (Gedl, 2005).

– Deflandrea group – in cludes mainly D. phosphoritica and D. heterophlycta;
Deflandrea re flects near-shore, estuarine en vi ron ments (e.g. Is lam 1984, Köthe
1990). Ac cord ing to Brinkhuis et al. (1992), this was a pre sum ably heterotrophic
ge nus which bene fited from the nu tri ent-rich wa ters, com monly in hab ited by
peridinioids (e.g., Brad ford & Wall, 1984; Harland, 1988;). How ever, Brinkhuis et
al. (1992) sug gested that this ge nus may be as so ci ated with the eutrophic wa ters, in -
de pend ently on the dis tance from a shore line (see also Gedl, 2005).
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– Wetzelielloideae group – in cludes rep re sen ta tives of the subfamily Wetze-
lielloideae (Charlesdowniea, Dracodinium and Wetzeliella); their motile stages are 
be lieved to have ap peared in the near-shore la goonal or estuarian en vi ron ments
char ac ter ized by high pro duc tiv ity con di tions (e.g., Downie et al., 1971; Good man, 
1979; Is lam, 1984; Köthe, 1990; Brinkhuis, 1994). How ever, some spe cies pos si -
bly could ben e fit from nu tri ent-rich wa ters in de pend ently on their dis tance from
the shore (see Deflandrea group); Dracodinium laszczynskii pre sum ably in hab ited
off shore wa ters (Gedl & Suru³o, 2005). Rhombodinium perforatum, which fre -
quently oc curs in the hemipelagic de pos its of the Magura Nappe at Folusz (Gedl,
2005), pre sum ably also preferred more open offshore environments.

– Congruentidioideae group – in cludes rep re sen ta tives of the subfamily Con-
gruentidioideae (Selenopemphix, Lejeunecysta), which are be lieved to be het ero-
trophic (Fensome et al., 1993). The high pro por tion of these forms is in ter preted as
the best in di ca tor of eutrophic con di tions (Dale, 1996; see also Biffi & Grignani,
1983; Rochon et al., 1999; Reichert & Brinkhuis, 2003).

Dis tri bu tion of dinoflagellate cyst palaeoenvironmental groups is shown in
Figure 13. Rep re sen ta tives of the Homotryblium group oc cur in a rel a tively high
num ber in all sam ples stud ied (ex cept for the sam ple KnsH2 from the Hi ero glyphic
beds, and sam ple Kns33 from the Popiele beds where fre quency of this group
hardly ex ceeds 3%). They are the most fre quent in the pale-col oured Bartonian
marl (over 20%; max i mal fre quency in sam ple Kns30 – al most 50%). Priabonian
dark-col oured mudstone con tains gen er ally lower val ues of Homotryblium (be low
20%), al though some sam ples yielded com pa ra ble ra tios to the ones from pale-col -
oured lithologies: ca 30% in Kns2 and Kns28 or even 43% and 47% in Kns17 and
Kns1, re spec tively (Fig. 13). Rep re sen ta tives of the Homotryblium group show an
im por tant strati graphi cal re la tion: the Bartonian pale-col oured marl con tains fre -
quent Homotryblium tenuispinosum, whereas the Priabonian sam ples con tain
Homotryblium aculeatum and Homotryblium plectilum.

Rep re sen ta tives of the Polysphaeridium group are ei ther ab sent from most of
sam ples stud ied (Kns1, 2, 4, 6, 9, 10, 11, 13, 17–21, 24, 26, 27, 29, 31–33; they are
also ab sent from sam ple KnsH2) or they oc cur as a few spec i mens per sam ple
(Kns5, 7, 8, 12, 14, 22, 28). An ex cep tion is their fre quent oc cur rence in pale-col -
oured marl where their pro por tion reaches 7.7% (Kns23), 14% (Kns30), 29.5%
(Kns25), and 37.2% in sam ple Kns3 (Fig. 13).

Operculodinium group is rep re sented by mod er ate pro por tions in al most all
sam ples (4–23%; usu ally its ra tio os cil lates be tween 8 and 17%; Fig. 13) ex cept for
pale-col oured marl: three sam ples are de void of Operculodinium spec i mens (Kns
23–25), two oth ers con tain rare spec i mens (1.2% in Kns3, and 4.9% in Kns30).

Thalassiphora group is pres ent in all sam ples ex cept for sam ples Kns27
(non-cal car e ous shale), and Kns24 and Kns30 (pale-col oured marl). It never
reaches high ra tios – the high est ones are noted in dark-col oured marl sam ples Kns7 
(6.6%), Kns26 (7.2%), Kns31 (7.4%). As a con trast, pale-col oured marl yielded the 
low est ra tio of Thalassiphora: 0.8–1.8%, with max i mal value 3.5% in sam ple
Kns25 (ab sent from two sub se quent sam ples Kns24 and Kns30).
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Much more fre quent are rep re sen ta tives of the Spiniferites group, which oc cur
in all sam ples stud ied. Dis tri bu tion of this group shows high quan ti ta tive di ver sity:
some sam ples con tain very rare spec i mens – 0.6–1.6% (Kns1, Kns2), whereas the
oth ers con tain even over 50% (Kns27 – 48.8%, Kns10 – 50.1%, Kns23 – 50.2%;

PALAEOENVIRONMENT 35

Fig. 13. Ra tios of dinoflagellate cyst palaeoenvironmental groups from the Popiele beds at Koniusza



Fig. 13). There is no clear cor re la tion of the Spiniferites group fre quency to the li -
thol ogy. It seems that rep re sen ta tives of this group are the most com mon in
pale-col oured marl (Kns10 – 50.1%, Kns23 – 50.2%); how ever, some sam ples
from the same rock type con tain low ra tios of this group (Kns3 – 3.7%, Kns25 –
3.5%, Kns30 – 4.6%; Fig. 13). Dark mudstone, in turn, con tains rather lower ra tios
of Spiniferites group: max i mal val ues hardly ex ceed 30% (Kns20 – 32.2%; Kns11
– 27.2%, Kns14 – 26.7%, Kns12 – 26%; Fig. 13). A rel a tively high ra tio of
Spiniferites group in a sam ple from the Hi ero glyphic beds should also be mentio-
ned (KnsH2 – 42.4%; Fig. 13).

Rep re sen ta tives of the Impagidinium group are is ei ther ab sent or they are very
rare in most of sam ples rep re sent ing dark mudstone (ab sent from sev en teen sam -
ples: Kns1, Kns6, Kns7, Kns9, Kns11, Kns12, Kns14, Kns17, Kns19–22, Kns26,
Kns29, Kns31–33; three re main ing sam ples con tain sin gle spec i mens: Kns2,
Kns18, Kns28; Fig. 13). Only two sam ples rep re sent ing dark-col oured mudstone
con tain a higher ra tio of Impagidinium group: Kns13 – 2.9% and Kns5 – 1%. The
Impagidinium group is much more fre quent in pale-col oured lithologies: pale-
green ish mudstone (Kns8 – 5.7%), and non-cal car e ous pale-green ish shale (Kns27
– 5.1%). Pale-col oured poorly cal car e ous mudstone Kns10 con tains 2.4% of
Impagidinium. Rel a tively high ra tios of Impagidinium group are noted in pale-col -
oured marls (Kns25 – 3.5%; Kns24 – 3.1%; Kns3 – 2.1%). The only sam ple rep re -
sent ing pale-col oured lithologies, which con tains no Impagidinium group is sam -
ple Kns30 (ol ive-grey ish marl); two other sam ples con tain sin gle spec i mens of
Impagidinium only (Kns4, Kns23). An other pale-col oured sam ple with out Impagi- 
dinium is a non-cal car e ous clay from the Hieroglyphic beds (KnsH2; Fig. 13).

The Deflandrea group oc curs in all sam ples stud ied, ex cept for two rep re sent ing
pale-col oured marl (Kns23, Kns24). The same rock type con tains the low est val ues
of Deflandrea group ra tio (from be low 1% in sam ples Kns10, Kns27, to 8% in Kns30 
and 9.5% in Kns4; the max i mal value oc curs in sam ple Kns3 – 19.2%; Fig. 13). Very
rare spec i mens of Deflandrea oc cur also in pale-col oured clay of the Hi ero glyphic
beds. In dark lithologies, in con trast, there is a much higher pro por tion of Deflandrea
group – the low est one (6%) oc curs in sam ples Kns6 and Kns17 only, whereas in
most of dark-col oured mudstone sam ples it os cil lates around 15%, with max i mal val -
ues from 30 to 44% in sam ples Kns9, Kns31, Kns26, Kns29 and Kns2 (Fig. 13).

The Wetzelielloideae in the pres ent ma te rial are rep re sented al most ex clu sively
by Charlesdowniea with rare spec i mens of Rhombodinium, Dracodinium, Apecto-
dinium and par tic u larly rare Wetzeliella. They oc cur in al most all sam ples ex cept for
a few ones from the pale-col oured marl (Kns23, Kns25, Kns27; re main ing sam ples of 
this li thol ogy con tain sin gle spec i mens only); pale-col oured clay of the Hi ero glyphic
beds (KnsH2) con tains no Wetzelielloideae (Fig. 13). Two pale-col oured sam ples
(Kns8, Kns10) con tain a much higher ra tio of Wetzelielloideae (5.5% and 5.7%, re -
spec tively; Fig. 13), but this subfamily is rep re sented there al most ex clu sively by
Dracodinium laszczynskii (Fig. 7). A sim i lar per cent age of Wetzelielloideae (2–8%), 
but rep re sented chiefly by Charlesdowniea, oc curs in dark-col oured mudstone (only
sam ples Kns31 and Kns32 con tain ra tios below 2%).
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The Congruentidioideae are gen er ally very rare in the Popiele beds. They are
miss ing from pale-col oured lithologies (ex cept for sam ple Kns3 where sin gle spec -
i mens oc cur) be ing com monly be low 1% (max i mal value of their ra tio oc curs in
sam ple Kns – 2.9%) in dark-col oured mudstone (they are ab sent from sam ple Kns1, 
Kns2, Kns11).

Peridinioids vs. gonyaulacoids ra tio (P/G)

Peridinioids, which are partly heterotrophic, are com monly be lieved to ben e fit
from eutrophic wa ters; the high ra tio of peridinioids ver sus gonyaulacoids (P/G) in
fos sil ma te rial is used as an in di ca tor of in creased palaeoproductivity re lated to
palaeoupwelling or ter res trial nu tri ent source (river mouths; e.g., Harland, 1973;
Lewis et al., 1990; Powell et al., 1992; Firth, 1996; van Mourik et al., 2001). Fos sil
peridinioids are of ten in ter preted to be in di ca tors of re duced sa lin ity en vi ron ments
(e.g., Köthe, 1990). Be cause some of the re cent peridinioids are also autotrophic,
Dale (1996) pro posed a heterotrophic ver sus autotrophic ra tio in dex (H/A), which
should more pre cisely re flect the trophic con di tions. How ever, in a case of the fos sil 
ma te rial it is not pos si ble to dis tin guish whether a par tic u lar spe cies was het ero-
trophic or autotrophic. There fore, in the pres ent study, the peridinioids ver sus
gonyaulacoids ra tio in dex was cal cu lated.

A char ac ter is tic fea ture of dinoflagellate cyst as sem blages from the Popiele
beds is a dom i nance of gonyaulacoids (Fig. 14). Peridinioids are sub or di nate – their 
ra tio rarely ex ceeds 30% (in six sam ples only: Kns2, Kns9, Kns11, Kns26, Kns29,
Kns31). In these cases, peridinioids are rep re sented mainly by Deflandrea; less fre -
quent Wetzelielloideae are rep re sented chiefly by Charlesdowniea. Peridinioids
fre quency is di rectly re lated to li thol ogy. In the most of dark-col oured Priabonian
mudstone sam ples peridinioids rep re sent 15–25%, be ing the most fre quent (45%)
in sam ples Kns26 and Kns29 (Fig. 14). Peridinioids are the rar est in sam ples from
pale-col oured marls: they are ab sent from sam ple Kns23, 1% in Kns25, 10% in
sam ples Kns4 and Kns30, be ing most abun dant in Kns3 – over 20%. Peridinioids
are also rare in pale-col oured non-cal car e ous clay: Kns27 (6.4%), Kns8 (6.9%),
and Kns10 (6.5%). Peridinioids from two lat ter sam ples are rep re sented mainly by
Dracodinium laszczynskii, which co-oc curs in the sam ples with rel a tively fre quent
spec i mens of oce anic Impagidinium.

Re con struc tion of palaeoenvironment

Lithological vari abil ity of de pos its build ing the Popiele beds ex posed at Ko-
niusza sug gests that this lithostratigraphic unit in cor po rates de pos its orig i nated
from dif fer ent sed i men tary set tings (Fig. 15). This view is sup ported by palaeoen -
vi ron men tal in ter pre ta tion of dinoflagellate cyst as sem blages found dur ing the
pres ent study. The as sem blages are gen er ally rich and tax o nom i cally di ver si fied.
This is typ i cal for a shelf palaeoenvironment (op ti mal liv ing con di tions of mod ern
dinoflagellate’s motile stages in ma rine realm are usu ally as so ci ated with such en -
vi ron ments; e.g., Stover et al., 1996; Dale, 1996), but some tax o nom i cal vari a tions
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be tween dinoflagellate cysts in par tic u lar sam ples point at vari able set tings of their
ac cu mu la tion. These dif fer ences are pre sum ably re lated to such fac tors like dis -
tance from the shore, in ten sity of ter res trial in flux, nu tri ent avail abil ity, sa lin ity,
wa ter ox y gen a tion and tem per a ture.

Dis tance from shore. Ab sence or very rare oc cur rence of Impagidinium in
dark-col oured Priabonian mudstone, which form bulk of the Popiele beds vol ume,
sug gests that this lithofacies was de pos ited on a shelf, pre sum ably in its prox i mal
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part (Fig. 15). This in ter pre ta tion is sup ported by the com mon oc cur rence of taxa,
which motile stages are pre sumed to have in hab ited in ner shelf, la goonal en vi ron -
ments, com monly as so ci ated with in creased sa lin ity – Polysphaeridium and Homo- 
tryblium groups. Their max i mal ra tio ranges from 47.1% (Kns1), 44.6% (Kns17)
through 15–30% in the most of sam ples stud ied, to min i mal val ues in sam ples
Kns11 (6.9%), Kns12 (7.6%). Rel a tively fre quent oc cur rence of oce anic Impagi-
dinium in the Bartonian pale-col oured marl (Kns3: 2.1%; Kns24: 3.1%; Kns25:
3.5%; Fig. 13) sug gests that this sed i ment was de pos ited in a more off shore shelf
zone. On the other hand, pale-col oured lithologies con tain rel a tively tax o nom i cally 
im pov er ished as sem blages, which con trast with more di ver si fied ones that oc cur in
the dark-col oured mudstones (Fig. 12). Im pov er ished as sem blages may be in ter -
preted as in di ca tors of more re stricted in ner shelf en vi ron ments – these sed i ments
con tain fre quent spec i mens of la goonal gen era Polysphaeridium and Homo-
tryblium (over 60% in Kns3 and Kns25). The co-oc cur rence of off shore and
near-shore spe cies may in di cate ei ther a resedimentation of lit to ral as sem blages
into a more off shore shelf zone, or pe ri od i cal in cur sions of oce anic wa ter masses
onto near-shore en vi ron ments (e.g., dur ing storm events). Com po si tion of a dino-
flag el late cyst as sem blage from marl sam ple Kns30, which con tains no Impagi-
dinium, whereas its lagoonal genera exceed 62%, may indicate the most proximal
site without offshore water influences.

The most off shore sed i men tary set ting (Fig. 15) may be sug gested for pale-col -
oured non-cal car e ous clay (Kns8, Kns10, Kns27), which con tains the high est ra tio
of Impagidinium (the high est among the all sam ples stud ied – 5.7% in Kns8; 5.1%
in Kns27 and 2.4% in Kns10; Fig. 13). Rep re sen ta tives of the Spiniferites group are
the most fre quent ones in these sam ples: 49.3% in sam ple Kns10, 48.8% in Kns27,
and 29.5% in sam ple Kns8. Ra tios of near-shore, la goonal spe cies (Homotryblium
and Polysphaeridium), in turn, reach their low est val ues there: 6.1% (Kns8) and
8.9% (Kns10), 15.4% (Kns27; Fig. 13). How ever, like pale-col oured marl, sam ples 
Kns10 and Kns27 con tain tax o nom i cally im pov er ished dinoflagellate cyst as sem -
blages; they are dom i nated by the Spiniferites group that points at off shore en vi ron -
ment. This in ter pre ta tion is sup ported by a highly diverisified as sem blage with fre -
quent Impagidinium in sample Kns8.

Ter res trial in flux. Pale-col oured lithologies from the Popiele beds (Bartonian
marls: Kns3, Kns4, Kns23–25, Kns30; Bartonian non-cal car e ous clay: Kns27;
Priabonian cal car e ous mudstone: Kns8 and Kns10) are char ac ter ized by a small
amount of palynological or ganic mat ter as com pared to its high quan tity in dark
fossiliferous mudstones. Their palynofacies con sists chiefly of black opaque phy-
toclasts and fre quent dinoflagellate cysts, which in some sam ples reach up to 70%
of palynofacies (e.g., Kns27). These fea tures sug gest that pale-col oured lithologies
were de pos ited in a sed i men tary set ting char ac ter ized by a lim ited in flux of ter res -
trial el e ments. The lat ter, if pres ent, are rep re sented mainly by bisaccate pol len
grains, which are com monly ac cu mu lated in off shore ma rine en vi ron ments as
trans ported by wind and/or floated due to their high buoy ancy. Sim i larly, ac cu mu -
la tion of black opaque phytoclasts, which are re sis tant to ox i da tion and bac te rial
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de cay, are com monly found as dom i nat ing palynofacies el e ment in the Flysch
Carpathian off shore hemipelagic de pos its (e.g., Lemañska & Gedl, 2005; Gedl,
2007). How ever, a sim i lar palynofacies may oc cur in a near-shore en vi ron ment,
e.g. la goonal en vi ron ment, which is also char ac ter ized by a lim ited ter res trial in -
flux. Fre quent oc cur rence of Polysphaeridium spp. and Homotryblium abbrevia-
tum in pale-col oured lithologies may sug gest a near-shore, la goonal en vi ron ment –
the re cent motile stages of the for mer are com monly found in the hypersaline en vi -
ron ments (e.g., Wall & Dale, 1969; Brad ford & Wall, 1984), whereas mass oc cur -
rences of fos sil Homotryblium are as so ci ated by many au thors with in creased sa lin -
ity (e.g., Brinkhuis, 1994). But the pres ence of Impagidinium in the same sam ples
sug gests a more off shore en vi ron ment; in this case, the near-shore spe cies should
be treated as resedimented from prox i mal, la goonal en vi ron ments into deeper parts
of the Skole Ba sin (see subchapter Dis tance from shore; Fig. 15). This in ter pre ta -
tion may be sup ported by an anal y sis of sam ple KnsH2 from the Hi ero glyphic beds, 
which rep re sent basinal de pos its, palynofacies of this sam ple con sists of black opa-
que phytoclasts and dinoflagellate cysts (up to 10%) pre sum ably entirely resedi-
mented from the shelf area (no Impagidinium was found there).

Dif fer ent sed i men tary con di tions can be sug gested for the Priabonian dark-col -
oured mudstone, which yielded palynofacies com posed chiefly of ter res trial paly-
nodebris, with sub or di nate ra tio of ma rine el e ments (dinoflagellate cysts rarely ex -
ceed here 10%). This sug gests that their ac cu mu la tion hap pened dur ing a pe riod of
in tense ter res trial in flux, pre sum ably within the in ner shelf zone. Land prox im ity is
sug gested on the base of com po si tion of dinoflagellate cyst as sem blages, which
vir tu ally con tain no Impagidinium, whereas Homotryblium is very fre quent (e.g.,
47.1% in Kns1, and 30.6% in Kns2). It can not be ex cluded, how ever, that both pale- 
and dark-col oured de pos its were laid down at a sim i lar dis tance from the shore,
during periods of variable terrestrial influx.

Trophic con di tions. Low fre quency of peridinioids shows that marl and clay
(par tic u larly the pale-col oured ones) of the Popiele beds were de pos ited in ma rine
en vi ron ment char ac ter ized by a mod er ate to low nu tri ent avail abil ity (Fig. 15). This 
is es pe cially well vis i ble when fre quency of heterotrophic Congruentidioideae
(their high ra tio is be lieved to char ac ter ize eutrophic wa ters; e.g., Biffi & Grignani,
1983) in the ma te rial stud ied is con sid ered. Rep re sen ta tives of this subfamily are
very rare (Fig. 13): they oc cur in dark-brown Priabonian mudstone as a few spec i -
mens per sam ple, be ing the most com mon in sam ple Kns33 – 3.6% (Kns18 – 2.6%,
Kns21 – 2.5%, Kns6 – 2.4%, Kns22 – 1.7%, Kns12 – 1.5%, Kns13 – 1.3%, be low
one per cent in re main ing sam ples). Congruentidioideae are ab sent from the ma jor -
ity of pale-col oured marl and clay sam ples (Kns4, Kns23–25, Kns30, Kns8, Kns10, 
Kns27; Fig. 13). Dis tri bu tion of Congruentidioideae in the ma te rial stud ied shows
neg a tive cor re la tion with dis tri bu tion of Impagidinium: they oc cur in these sam -
ples, which con tain no Impagidinium spec i mens (the only ex cep tion are sam ples
Kns3, Kns5 and Kns13, Kns18, Kns28). This phe nom e non con firms that fos sil
Congruentidioideae bene fited from eutrophic ma rine en vi ron ments, whereas Im-
pagidinium preferred oligotrophic oceanic waters.
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Cor re la tion of Congruentidioideae and Impagidinium fre quen cies sug gests var -
i ous trophic con di tions dur ing de po si tion of lithofacies that form the Popiele beds.
Dark-col oured mudstone, which con tains as sem blages with more fre quent Con-
gruentidioideae (but also fre quent other peridinioids – up to al most 50%: e.g.,
Kns26, Kns29; Fig. 14), and de void of Impagidinium, was de pos ited un der mod er -
ate eutrophic con di tions. Pale-col oured marl and mudstone con tain oce anic Impa-
gidinium and lack Congruentidioideae (Fig. 13) point ing at rel a tive lower nu tri ent
avail abil ity during their accumulation.

Priabonian mudstone (Kns8 and Kns10) is dis tinc tive among the pale-col oured
lithologies when trophic con di tions are con sid ered: these sam ples, be side a high ra -
tio of Impagidinium (Fig. 13), con tain the low est ra tios of peridinioids (7% in Kns8
and 6.5% in Kns10) and they lack Congruentidioideae. Peridinioids in these two
sam ples are rep re sented al most ex clu sively by Dracodinium laszczynskii, whereas
Deflandrea, so com mon in other sam ples from the Popiele beds, rep re sents only
1.1% in Kns8 and 0.5% in Kns10. Ac cord ing to Gedl (2004a) and Gedl & Suru³o
(2005) D. laszczynskii is an off shore spe cies that pre sum ably bene fited from
oligotrophic con di tions. This would in di cate that wa ters dur ing Priabonian pale-
col oured marl de po si tion were char ac ter ized by the lowest nutrient availability.

Wa ter ox y gen a tion. Ac cord ing to some au thors, a high ra tio of Thalassiphora
may re flect ox y gen-de pleted wa ter and bot tom en vi ron ment caused by strat i fied
wa ter col umn and in creased pro duc tiv ity con di tions (Köthe, 1990; Pross, 1997,
2001). No such con di tions could be sug gested on the base of in fre quent oc cur rence
of this ge nus in the ma te rial stud ied (from 0.2% in Kns11 to 5.5% in Kns14, and
6.7% in Kns7). How ever, a slight in crease of this ge nus fre quency in dark-col oured
mudstone in re la tion to its oc cur rence in pale-col oured lithologies (Fig. 13) may re -
flect a finely ox y gen-de pleted en vi ron ment dur ing de po si tion of the for mer re sult -
ing from decomposition of high amounts of terrestrial organic matter.

Sa lin ity. Rel a tive high di ver sity of the stud ied asemblages sug gests ma rine en -
vi ron ments dur ing de po si tion. How ever, the most of sam ples yield Polysphae-
ridium spp. and Homotryblium spp., which are com monly as so ci ated with hy per-
sa line en vi ron ments (e.g., Wall & Dale, 1969; Brad ford & Wall, 1984; Brinkhuis,
1994). In some sam ples, their ra tio is very high – even over 60% in some pale-col -
oured marl sam ples (Kns3, Kns25, Kns30; Fig. 13). But in the same sam ples
Impagidinium oc curs (2.1% in Kns3 and 3.5% in Kns25; Fig. 13), which may in di -
cate mix ing of near-shore and off shore wa ters dur ing ac cu mu la tion of pale-col -
oured marl (see Dis tance from shore). Fre quent oc cur rence of la goonal spe cies,
par tic u larly in Bartonian sam ples, sug gests ex is tence of la goons, pos si bly with
increased salinity, along the shore of the Skole Basin.

There are no in di ca tions of sig nif i cantly re duced sa lin ity in the ma te rial stud ied.
How ever, some sam ples, es pe cially from the dark-col oured mudstone, con tain in -
creased ra tio of Deflandrea (e.g., Kns2 – 44.3%, Kns29 – 41.5%, Kns26 – 38.4%),
a peridinioid ge nus as so ci ated by some au thors with brack ish en vi ron ments (e.g.,
Köthe, 1990). Its pres ence may in di cate pe ri od i cal sa lin ity re duc tions in mar ginal
zone of the Skole Ba sin dur ing Priabonian (i.e., dur ing the de po si tion of dark-col -
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oured mudstone) caused by river fresh wa ter in put, which was also re spon si ble for a
high in flux of vas cu lar plant re mains pre served in dark mudstone (Fig. 15). This as -
sump tion is sup ported by the oc cur rence of fresh wa ter al gae Botryococcus found in 
sam ple Kns2. How ever, mag ni tude of sa lin ity re duc tion dur ing Priabonian was rel -
a tively small – as sem blages with a high num ber of Deflandrea con tain also other
stenohaline spe cies. More over, if pres ent at all, it must have been lim ited to the sur -
face wa ter zone only, since dark-col oured mudstone con tains rich ben thic steno-
haline fos sils. It can not be ex cluded that, like in the case of Homotryblium-rich as -
sem blages, Deflandrea specimens were transported from estuarian waters into
more offshore marine environment.

Sea sur face tem per a ture – palaeoclimate. Fos sil dinoflagellate cysts are
widely used as a tool for sea sur face tem per a ture re con struc tions (see Sluijs et al.,
2005 for ref er ences). Brinkhuis & Biffi (1993) and Brinkhuis (1994) used dino-
flag el late cysts as an in di ca tor of cli ma tic cool ing phases dur ing the Eocene. They
noted the pres ence of high-lat i tude spe cies in north east It aly, and in ter preted their
ap pear ance as in di ca tion of cli ma tic cool ing. The most of taxa re garded as the
high-lat i tude ones rep re sent off shore spe cies (see also Bujak, 1984), which seem to
be most re li able in palaeoclimatic re con struc tions: Impagidinium pallidum, Impa-
gidinium velorum, Gelatia inflata, Corrudinium incompositum. The other ones in -
clude Achomosphaera alcicornu and Rottnestia borussica and Svalbardella (Head
& Norris, 1989; Manum et al., 1989; Brinkhuis, 1994; Poulsen et al., 1996). Their
use in re con struc tion of sur face wa ter tem per a ture in case of Koniusza is lim ited be -
cause the dinoflagellate cysts stud ied rep re sent prox i mal as sem blages. Very rare
spec i mens of Achomosphaera alcicornu, Rottnestia borussica and Corrudinium
incompositum are the only spe cies be lieved to be high-lat i tude ones in the Popiele
beds. They are con cen trated in off shore marl fa cies, mainly of Bartonian age, less
fre quently of Priabonian age. There are no sig nif i cant in creases of their fre quency
in any sam ple stud ied. This makes any at tempts of cor re la tion of the ma te rial stud -
ied with global cli ma tic changes a highly haz ard ous one. Dur ing the Eocene, a long
cool ing trend took place, start ing from the so-called Early Eocene Cli ma tic Op ti -
mum to the ma jor cool ing phase at the Eocene–Oligocene bound ary (e.g., Zachos et 
al., 2001). Oc cur rence of high-lat i tude off shore spe cies, which may be in ter preted
as in di ca tors of cool ing phase, was re ported from still youn ger Carpathian strata.
Gelatia inflata, Impagidinium velorum and Impagidinium pallidum have been
found in the top most part of the Globigerina marls (or their equiv a lents) point ing at
the drop of the sea sur face temperature during the latest Eocene in the Carpathian
basins (e.g., Gedl, 2004a, c, 2005a; Gedl & Leszczyñski, 2005).

Sed i men tary im pli ca tions

In ter pre ta tion of palynofacies and dinoflagellate cyst as sem blages shows that
the main lithologies that build the Popiele beds – pale-col oured marl and mudstone
and dark-col oured mudstone – rep re sent two slightly dif fer ent sed i men tary set -
tings, al though both lo cated on shelf (Fig. 15).
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Pale-col oured lithologies (Bartonian marl and Priabonian mudstone) were ac -
cu mu lated in a more off shore shelf zone, be yond land in flu ences. Dur ing Bartonian 
a la goon sys tem de vel oped in a most near-shore zone where in creased sa lin ity con -
di tions fa voured hypersaline dinoflagellates (Homotryblium and Polysphaeri-
dium). The lat ter were trans ported off shore. Priabonian pale-col oured marls were
de pos ited in a pre sum ably even more re mote set ting where in flu ences of land and
la goonal wa ters were lim ited. This rel a tive off shore set ting, pos si bly dur ing a lower 
river dis charge, was char ac ter ized by more oligotrophic sur face wa ters and – due to
a lim ited in flux of or ganic mat ter – by well ox i dized bot tom wa ters. In fre quent ap -
pear ance of high-lat i tude spe cies may be re lated to rel a tively cooler surface waters
in an offshore zone of the Skole Basin.

Sed i men tary set ting of dark-col oured mudstone was orig i nally lo cated in a
more prox i mal shelf zone as com pared to the one oc cu pied by pale-col oured
lithologies. Dur ing Priabonian, this zone was in flu enced by fresh wa ter in flux,
which brought land-de rived or ganic par ti cles into the ma rine ba sin. This in flux, al -
though of lim ited mag ni tude, was re spon si ble for at least pe ri od i cal de crease of sa -
lin ity in sur face wa ters, and slightly in creased nu tri ent avail abil ity. La goonal sys -
tem ex isted also dur ing Priabonian, but it grad u ally de creased from early to late
Priabonian: the old est Priabonian sam ples yield a rel a tively high ra tio of high-sa -
lin ity dinoflagellate species, which decreases in younger samples.

DIS CUS SION

Biostratigraphy

Lithological anal y sis of the Popiele beds at Koniusza showed that this unit con -
sists of clasts rep re sent ing vari able lithologies, which oc cur in a sandy-loamy
fossiliferous ma trix (e.g., D¿u³yñski & Kotlarczyk, 1965; Rajchel, 1990). The pres -
ent study shows that fossiliferous ma trix is of Priabonian age whereas pale-col -
oured clasts are of Bartonian and Priabonian ages.

The most of palaeontological datings of the Popiele beds is based on fos sils,
which oc cur in the sandy-loamy ma trix [molluscs stud ied by Wiœniowski (1908)
and Rogala (1925, 1941 fide Krach, 1985), and re vised by Krach (1985), and
Foraminifera stud ied by Syniewska (1937)]. Their age in ter pre ta tions are gen er ally 
sim i lar – Bartonian and Priabonian ac cord ing to Bieda et al. (1963) and Krach
(1985). Wójcik’s (1903) age in ter pre ta tions of the Popiele beds from Kruhel Ma³y
were re in ter preted by Liszka & Geroch (1979) as Priabonian. Rajchel (1990) sug -
gested Lower Priabonian age of the Popiele beds at Grochowiec.

The pale-col oured clasts achieved less at ten tion. D¿u³yñski & Kotlarczyk
(1965) dis tin guished five dom i nant lithotypes of clasts in serted in the ma trix, of
which four were at trib uted to the Eocene Hi ero glyphic beds and the Oligocene
Menilite beds. The age of the re main ing one (“soft and hard marls of green and dark
grey ish colours”) was not de ter mined. Kotlarczyk (1988b) re ported oc cur rence of
cal car e ous nannoplankton char ac ter is tic for zone NP21 (co-oc cur rence of Disco-
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as ter lodoensis and Iribrachiatus orthostylus) in cream-green ish marl clasts. This
up per most Priabonian–Lower Rupelian in ter pre ta tion (i.e., the range of Cal car e ous 
Nannoplankton Zone NP21; see Mar tini, 1971) is shifted in con trast to the
Bartonian (Kns3, Kns4, Kns23, Kns24, Kns25) and lower?-mid? Priabonian
(Kns8, Kns10) of pale-col oured clasts dated based on dinoflagellate cysts in this
study (Fig. 11). This in di cates that light-col oured clasts may also rep re sent the up -
per most Priabonian–Lower Rupelian. Garecka et al. (2008) de scribed Early Oligo-
cene cal car e ous nannoplankton from the Popiele beds, but without detailed sample
description.

Age in ter pre ta tion of microfossil as sem blages pre sented above does not di rectly 
solve the prob lem of the de po si tion time of the Popiele beds. Due to its olistostro-
mic char ac ter, dinoflagellate cysts de ter mine the age of rocks that form this slump
de pos its, but not the time of the Popiele beds ac cu mu la tion. The only clue is the age
of the youn gest sam ples – Kns6, Kns12 and Kns13 (Fig. 11), which con tain late
Priabonian dinoflagellate cysts. On this base, it can be stated that de po si tion of the
Popiele beds as a unit at Koniusza took place ei ther dur ing the lat est Priabonian, or
slightly later, i.e., dur ing the earliest Rupelian.

A sim i lar con clu sion may be drawn on the base of the su per po si tion of the
Popiele beds at Koniusza, where this lithostratigraphic unit oc curs be tween the
Mid dle/Up per Eocene Hi ero glyphic beds and the Lower Oligocene Menilite beds.
How ever, sev eral au thors re port oc cur rence of the Popiele beds at other sites within
the Eocene strata. Rajchel (1990), on the base of poorly ex posed Popiele beds at
Turnica, sug gested their slightly older age. Also ob ser va tions in out crops at Nowe
Sady re vealed pres ence of Eocene green shales above the Popiele beds (Morgiel &
¯giet, 1964). Sim i lar po si tion, be low green shales, was re ported from the Ukrai nian 
Carpathians by Vialov (1951, 1961). Leszczyñski (1996, 1997) de scribed a youn -
ger po si tion of the Popiele beds, which form a lens within the Globigerina marls,
the lat ter pre ceded de po si tion of the menilitic fa cies in the Flysch Carpathians.
Kotlarczyk (1985a, 1988b) and Garecka et al. (2008) com pare the Popiele beds for -
ma tion event with de po si tion of the Globigerina marls (see e.g., Van Couvering et
al., 1981; Olszewska, 1983, 1984; Leszczyñski, 1996, 1997). On the other hand,
oc cur rence of blocks of rocks de rived from the Oligocene Menilite beds and the
Kliwa sand stone re ported by D¿u³yñski & Kotlarczyk (1965) and D¿u³yñski et al.,
(1979a), in di cates that sub ma rine slumps that formed the Popiele beds took place
dur ing Oligocene (see also Œwidziñski, 1948). This con clu sion is sup ported by
Garecka et al. (2008) who re ported the Early Oligocene cal car e ous nannoplankton
sug gest ing the youn gest age of all previous palaeontological datings of the Popiele
beds.

All above men tioned in de ci sive datings of the Popiele beds de po si tion event
may also in di cate that such de po si tion took place dur ing sev eral mass-move ment
events (as it was al ready sug gested by D¿u³yñski & Kotlarczyk, 1965) on the north -
ern and north-west ern mar gin of the Skole Ba sin dur ing Priabonian and Rupelian.
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 Palaeoenvironment

In ter pre ta tion of palynological data pre sented above, com pared to in ter pre ta -
tion of mi cro- and macrofaunistic stud ies of the Popiele beds, clearly points at
neritic, near-shore ma rine en vi ron ment (note: palaeontological stud ies of the
Popiele beds fo cused at fos sils that oc cur in sandy-loamy ma trix). Palaeoenviron-
men tal in ter pre ta tions of dinoflagellate cysts with those of ben thic as so ci a tions
(foraminifers and molluscs), es pe cially in re la tion to wa ter depth may dif fer, but
gen eral con clu sions sug gest ing a near-shore, pre sum ably in ner shelf en vi ron ment,
are con sis tent.

Krach (1985) in ter preted macrofossil as sem blages (mainly bi valves, gas tro -
pods and sca pho pods) from Koniusza as typ i cal for ma rine en vi ron ment of the
neritic zone with wa ter depth not ex ceed ing 100 m.

Liszka & Geroch (1979) an a lyzed foraminiferal as sem blages from the Popiele
beds at Kruhel Wielki (near Przemyœl) and made a re vi sion of Wójcik’s (1903)
foraminiferal col lec tion from the same lo cal ity. They found in dark-brown ish
mudstone and marly shales a rich as sem blage com posed pre dom i nantly of cal car e -
ous ben thic spe cies (rep re sent ing Nodosariidae, Buliminidae, Discorbidae, Ano-
malinidae, Cassidulinidae and Alabaminidae), as so ci ated with rare ag glu ti nated
(Ataxophragmiidae and Textulariidae) and plank tonic spe cies. Ac cord ing to Liszka
& Geroch (1979), the most of foraminiferal spe cies pres ent in the Popiele beds (see
also Syniewska, 1938) had broad en vi ron men tal tol er ance: in re la tion to the wa ter
depth they in clude spe cies, which may in habit from neritic to bathyal depths. How -
ever, high tax o nom i cal di ver sity, lack of non-cal car e ous ag glu ti nated spe cies typ i -
cal for a deep-wa ter flysch sed i men ta tion, and the pres ence of some neritic spe cies
(Num mu lites, Asterigerina) led Liszka & Geroch (1979) to the con clu sion that
Foraminifera as sem blages de scribed from the Popiele beds are in dic a tive for a
neritic en vi ron ment.

Garecka et al. (2008) noted among Foraminifera from the Popiele beds the pres -
ence of ben thic cal car e ous (Cibicides, Melonis, Uvigerina, Globobulimina and
Lenticulina) and rare ag glu ti nated (Clavulinoides) forms, which were in ter preted
as in dic a tive for a set ting at the slope of the Skole Ba sin (how ever, these au thors did 
not de scribe the rock type which yielded foraminifers).

It is not pos si ble to re con struct wa ter depth of a ba sin on the base of dinoflage-
llate cyst as sem blages which are plank tonic; a dis tance from shore can be ap prox i -
mately es ti mated, but this can be masked by in ten sity of ter res trial in flux. Us ing
these cri te ria it can be sug gested that the sed i men tary set ting of dark-col oured
mudstone with fre quent macrofauna was lo cated in a prox i mal shelf zone char ac -
ter ized by in tense land-in flux that led to a slightly higher trophic level, pos si bly as -
so ci ated with sa lin ity de crease of the sur face wa ters. This zone was pre sum ably
char ac ter ized by rel a tively dy namic con di tions since these de pos its con tain elon -
gated phytoclasts, which are com monly as so ci ated with high-en ergy en vi ron -
ments; also pres er va tion of palynomorphs, par tic u larly dinoflagellate cysts, which
are com monly torn-off, points at hy dro dy namic pro cesses dur ing their ac cu mu la -
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tion. This in ter pre ta tion may be sup ported by those based on macrofossil stud ies:
neritic op ti mal liv ing con di tions for ben thic biota – well ox i dized bot tom wa ters
with suf fi cient food sup ply (see Liszka & Geroch, 1979; Krach, 1985). Sur face wa -
ters in more dis tal shelf zone (de po si tion area of pale-col oured lithologies), be yond
ter res trial-in flux zone, were pre sum ably char ac ter ized by lower nu tri ent avail abil -
ity and lower tem per a tures, as com pared to more in ner shelf zone. Such con di tions
pos si bly fa voured foraminiferal as sem blages – de scribed by Garecka et al. (2008) – 
typical for more offshore, deeper environments.

Anal y sis of dinoflagellate cysts as sa lin ity in di ca tors shows no ma jor changes in 
sur face wa ter chem i cal com po si tion in the ma te rial stud ied. This in ter pre ta tion
can not be di rectly com pared with for mer palaeontological stud ies, since the lat ter
fo cused mainly on ben thic biotas. Peridinioids, com monly be lieved to be tol er ant
to brack ish en vi ron ments, are sub or di nate in the Koniusza sam ples point ing at lim -
ited fresh wa ter in flux. Rel a tively high ra tio of peridinioids of dark-col oured
mudstone might be a trace of fresh wa ter in flux, but a gen eral lack of fresh wa ter al -
gae (e.g., Pediastrum and Botryococcus), which com monly oc cur in ma rine strata
de pos ited near river mouths, sug gests that its in flu ence on sa lin ity of sur face wa ters
was min i mal (only one sam ple, Kns2, yields rare spec i mens of Botryococcus). This
in ter pre ta tion can be sup ported by ob ser va tions of ben thic biota, which were in ter -
preted as stenohaline (e.g., Krach, 1985): a pos si ble de crease of sa lin ity dur ing de -
po si tion of fossiliferous marl was ei ther in dis tinct, or it was lim ited to the sur face
zone only. The same re fers to the prob lem of in creased sa lin ity con di tions pos tu -
lated on the base of com mon oc cur rence of hypersaline spe cies (e.g., Polysphaeri-
dium). They were pre sum ably trans ported by hy dro dy namic sur face cur rents from
la goons into more off shore shelf ar eas where bot tom wa ter sa lin ity re mained un -
changed. Win now ing of near-shore taxa from la goonal en vi ron ments into deeper
parts of the ba sin seems to have taken place in flysch basins commonly, leading to
occurrence of even monospecific near-shore assemblages in deep-sea deposits
(e.g., Gedl & Suru³o, 2005).

Nu tri ent avail abil ity is an other fac tor char ac ter iz ing sur face wa ters. There are
two its main sources in sur face wa ters of ma rine realm: upwelling or fresh wa ter in -
flux. In case of the Koniusza sam ples the lat ter seems to be the main source. This in -
ter pre ta tion is based on rel a tively high requency of peridinioids, par tic u larly
Congruentidioideae (these forms are com monly re garded as in di ca tors of fer tile,
nu tri ent-rich wa ters; e.g., Dale, 1996; Reichert & Brinkhuis, 2003) in fossiliferous
mudstone, which ac cord ing to the pres ent in ter pre ta tion was ac cu mu lated in a
prox i mal shelf zone. Palynofacies of this li thol ogy is filled with vas cu lar plant re -
mains ob vi ously de rived from a land and was trans ported by rivers. Rich ness of
ben thic biota (e.g., gas tro pods, bi valves, foraminiferas; see e.g., Liszka & Geroch,
1979; Krach, 1985) in this fossiliferous lithofacies con firms a high rate of food sup -
ply. The low est ra tio of peridinioids, and es pe cially of Congruentidioideae, was in
sam ples rep re sent ing pale-col oured mudstone, which was de pos ited in more off -
shore shelf zone (no palaeontological stud ies of this rock type have been car ried out 
so far). These sam ples yielded si mul ta neously the high est ra tio of Impagidinium,
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which is be lieved to ben e fit in oligotrophic wa ters. This re la tion shows that the
near-shore belt of sur face wa ter was slightly en riched in nu tri ents of ter res trial or i -
gin whereas the outer shelf wa ters were more oligotrophic. How ever, mag ni tude of
this “eutrophication” of coastal wa ters was very small, since dinoflagellate cysts
that could benefit from such conditions (e.g., Congruentidioideae) are very rare in
the material studied.

Palaeoenvironmental pref er ences of se lected aquatic palynomorphs
from the Popiele beds

A re la tion of some aquatic palynomorph dis tri bu tion in the ma te rial stud ied to
palaeoenvironmental fac tors is shortly dis cussed in this subchapter.

The ge nus Impagidinium, both fos sil and re cent, is widely as so ci ated with off -
shore wa ters (e.g., Brinkhuis, 1994; Zevenboom et al., 1994; Dale, 1996; Rochon et 
al., 1999), which usu ally are char ac ter ized by low con cen tra tion of nu tri ents. Dis -
tri bu tion of this ge nus in the ma te rial stud ied shows a neg a tive cor re la tion with the
oc cur rence pat tern of Congruentidioideae, i.e., the dinoflagellate cyst group, rep re -
sen ta tives of which are known to ben e fit from eutrophic wa ters (e.g., Biffi &
Grignani, 1983; Dale, 1996). Sam ples with Impagidinium are gen er ally de void of
Congruentidioideae, and vice versa (only three sam ples of 14 con tain mixed as sem -
blages). Such a dis tri bu tion con firms their gen er ally accepted palaeoenvironmental 
preferences.

A some how dif fer ent from gen er ally ac cepted seem to be palaeoenvironmental
pref er ences of some Wetzelielloideae. As a group, rep re sen ta tives of this subfamily 
are com monly treated as forms that have in hab ited near-shore, fre quently estuarine, 
wa ters. Dis tri bu tion of the ge nus Charlesdowniea, which is pres ent in the most of
sam ples, seems to con firm this rule. But Dracodinium laszczynskii, an other mem -
ber of Wetzelielloideae, seems to have had dif fer ent pref er ences. This spe cies oc -
curs in two sam ples (Kns8 and Kns10), which con tain dinoflagellate cyst as sem -
blages in ter preted as the most off shore ones among all the sam ples stud ied. They
con tain the high est ra tios of off shore Impagidinium, and one of the low est ra tios of
near-shore taxa (Homotryblium), and Deflandrea. Such a dis tri bu tion of Draco-
dinium laszczynskii sug gests that this spe cies, in con trast to other Wetzelielloideae,
has in hab ited rather off shore wa ters (Fig. 15). This in ter pre ta tion con firms re sults
of ear lier stud ies, which also sug gested off shore preferences of this species (Gedl,
2004a; Gedl & Suru³o, 2005).

An in ter est ing re la tion was ob served when dis tri bu tion of peridinioids was con -
sid ered. Sam ples with high est ra tio of Deflandrea (i.e., ge nus that is be lieved to
ben e fit from nu tri ent-rich wa ters; Kns2, Kns9, Kns11) show low est ra tios of
Congruentidioideae. The lat ter, the o ret i cally, should be also fre quent in those sam -
ples. In the Koniusza sam ples, Congruentidioideae are the most com mon in those
with the low est Deflandrea ra tio (Kns6, Kns12, Kns13). This points at dif fer ent
palaeoenvironmental pref er ences of these two groups of peridinoids. Pos si bly,
some other fac tors in clud ing wa ter tem per a ture or wa ter chem is try are re spon si ble
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for this dis tri bu tion pat tern. On the other hand, Congruentidioideae are ab sent from
pale-col oured marl, which also con tains low ra tios of Deflandrea (Kns23–25).

Palaeoenvironmental in ter pre ta tion of other aquatic palynomorphs is some how
enig matic in the ma te rial stud ied: this re fers to foraminiferal or ganic lin ings,
Tasmanitaceae and incertae sedis at trib uted by Brinkhuis (1992) to Cymatio-
sphaeraceae (Prasinophyte al gae) Schizosporis. Their oc cur rence in the Popiele
beds is strictly re lated to li thol ogy. Schizosporis? oc curs in pale-col oured marl
(Kns3, Kns4, Kns8, Kns10), whereas foraminiferal or ganic lin ings and Tasmanites
have been found in fossiliferous sandy mudstone. Such a dis tri bu tion of these
palynomorphs in the ma te rial stud ied in di cates more off shore pref er ences of
Schizosporis?, whereas Tasmanites and foraminiferal or ganic lin ings seem to have
been bound with prox i mal set tings. Gedl (2005a) found Schizosporis? in sam ples
of hemipelagic or i gin of co eval flysch de pos its (the Szymbark shale, Magura
Nappe): this sup ports thesis of offshore preferences of this taxon.

Com par i son with co eval dinoflagellate cyst as sem blages
from neigh bour ing ar eas

Ac cu mu la tion of de pos its that sub se quently were resedimented into deeper
parts of the Skole Ba sin (the Popiele beds) was lo cated at north-west ern pe riph er ies
of the Flysch Carpathian basinal sys tem. Re con struc tion of their sed i men tary set -
ting sug gests that they were de pos ited in shelf en vi ron ment. This fea ture dis tin -
guishes the Popiele beds from most of the co eval Carpathian strata, which were ac -
cu mu lated in off shore set tings.

Flysch Carpathians. Mid dle and Late Eocene dinoflagellate cysts from the
Carpathians have been stud ied in sev eral lo cal i ties (Bujak in Van Couvering et al.,
1981; Gedl, 1995a, b, 2004a, b, c, 2005a, b, c; Gedl & Garecka, 2008; Gedl &
Lemañska, 2005; Gedl & Leszczyñski, 2005). The ma jor ity of these as sem blages
oc cur in off shore turbiditic de pos its. They rep re sent a mix ture of taxa resedimented 
from shelf area with those that are “in situ” (i.e. off shore taxa). De pend ing on the
or i gin of par tic u lar de pos its, ra tio of in shore and off shore taxa var ies sig nif i cantly:
turbiditic parts of a flysch se quence con tain chiefly prox i mal as sem blages, whereas 
pe lagic, top most laminas of the turbidite rhythm yield com monly off shore as sem -
blages (e.g., Gedl & Suru³o, 2005; Gedl, 2006b).

The Mid dle Eocene var ie gated shales of the Magura Nappe rep re sent oce anic
de pos its of pe lagic/hemipelagic or i gin (see Dominik, 1977; Leszczyñski &
Uchman, 1991; Oszczypko, 1992). Red (pe lagic) shales of this lithostratigraphic
unit ex posed at Ptaszkowa (see e.g., Sikora, 1970) are paly no logi cal ly bar ren,
whereas green ish (hemipelagic) laminas con tain dinoflagellate cyst as sem blages,
which con tain a rel a tively high ra tio of oce anic ge nus Impagidinium – over 10%
(Gedl & Lemañska, 2005). This con firms oce anic sed i men tary set ting of this
lithofacies. How ever, green ish laminas con tain also a high ra tio of near-shore spe -
cies, in clud ing la goonal Polysphaeridium. Fre quent oc cur rence of this ge nus
points at in creased trans por ta tion of dinoflagellate cysts from la goonal en vi ron -
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ments into off shore parts of the Magura Ba sin. This phe nom e non re sem bles the one 
re con structed for co eval pale-col oured marl from Koniusza, which al though de pos -
ited much closer to the shore, also shows a mix ture of oce anic (Impagidinium) and
la goonal spe cies (Polysphaeridium).

More di ver si fied dinoflagellate cyst as sem blages have been found in co eval
strata of the Magura Nappe rep re sented by turbiditic, gen er ally coarse-grained
Magura Sand stone For ma tion. This lithostratigraphic unit is oc ca sion ally de vel -
oped as fine-grained strata like a se quence ex posed at Tenczyn, which yielded di -
verse dinoflagellate cyst as sem blages. Pale-col oured non-cal car e ous lithologies
con tain low-fre quency as sem blages con sist ing of com mon Dracodinium lasz-
czynskii and, subordinately, Impagidinium, whereas blackish shale yielded al most
monospecific as sem blages of near-shore Homotryblium (Gedl & Suru³o, 2005).
This dis tri bu tion pat tern sug gests the pres ence of at least two zones in hab ited by
dif fer ent dinoflagellate as sem blages: the off shore one, with com mon Dracodinium
laszczynskii and Impagidinium, and a near-shore one (la goonal?) with blooms of
Homotryblium, which sub se quently had been trans ported into basinal parts of the
Middle Eocene Flysch Carpathian sea.

A sim i lar phe nom e non of resedimented near-shore as sem blages com monly oc -
curs also in the Up per Eocene strata of the Carpathians (e.g., Gedl, 2004b, c). This is 
well doc u mented in the Folusz sec tion (Szymbark shale and the Magura For ma tion
of the Magura Nappe; see Leszczyñski & Malata 2002, and Gedl & Leszczyñski,
2005). Hemipelagic sam ples are en riched in off shore spe cies (e.g., Impagidinium),
whereas turbiditic ones con tain chiefly near-shore taxa (Gedl, 2005).

The Priabonian age of dark-col oured fossiliferous mudstone from Koniusza can 
be gen er ally cor re lated with de po si tion time of the Globigerina marls in the
Carpathian bas ins (Blaicher, 1970; Olszewska, 1983, 1984; see also Leszczyñski,
1996, 1997). Dinoflagellate cyst as sem blages from this out stand ing isochronous
ho ri zon usu ally show no prom i nent changes in their com po si tion dur ing the ter mi -
nal Eocene event (Bujak in van Couvering, 1981; Gedl, 1999). Rich and di ver si fied
as sem blages of the Globigerina marls are gen er ally sim i lar to the ones from the
Popiele beds. They point to ma rine con di tions, which lasted un til de po si tion of the
or ganic-rich Menilite beds started dur ing the ear li est Oligocene (Gedl, 2004a,
2005b, c). The main dif fer ence is re lated to fre quent oc cur rence of oce anic taxa
(mainly Impagidinium) in the Globigerina marls; their pres ence sug gests more off -
shore sed i men tary set ting than that of the Popiele beds (the lat ter are com monly
miss ing Impagidinium). This is es pe cially well vis i ble in a case of the Leluchów
Marl Mem ber (an equiv a lent of the Globigerina marls; Birkenmajer & Oszczypko,
1989) of the Magura Nappe, which con tains a high ra tio of Impagidinium and al -
most no Homotryblium specimens (Gedl, 2004a).

How ever, some sec tions of the Globigerina marls in the Flysch Carpathians
yielded dinoflagellate cysts as sem blages, the com po si tion of which un der went sig -
nif i cant changes in their up per most parts. This re fers to a vari able ra tio of oce anic
vs. near-shore taxa and ap pear ance of as sem blages dom i nated by peridinioids
(chiefly Deflandrea). Monospecific as sem blages of Homotryblium ap pear in the
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top most part of the Globigerina marls se quence at Znamirowice (Silesian Nappe;
Gedl, 2005c). Their pres ence may re flect in creased trans port from in ner shelf ar eas
into deeper parts of the flysch ba sin, like in the case of Tenczyn. An in crease of
peridiniod fre quency lead ing to dom i na tion of Deflandrea is ob served in the up per -
most part of the sec tion at Ropa (Fore-Magura Nappe – Grybów Unit); this may be
in ter preted as a re sult of sa lin ity drop in the sur face wa ters (Gedl, 2005b). The lat ter
event is dated by the first ap pear ance of Reticulatosphaera actinocoronata. This
bioevent al lows pre cise cor re la tion with youn gest sam ples from the Popiele beds at
Koniusza – Kns6, Kns12 and Kns13. Com po si tion of dinoflagellate cyst as sem -
blages of the lat ter sam ples, how ever, shows no sim i lar i ties: near-shore spe cies
(Homotryblium) per cent age is low (the high est in sam ple Kns6 – 27.3%), so is the
ra tio of Deflandrea (the high est in sam ples Kns12 – 10.2%, and Kns13 – 11.2%).
Di ver si fied dinoflagellate cyst as sem blages from co eval strata sug gest vari able
palaeoenvironmental con di tions dur ing the Late Eocene in the Flysch Carpathian
bas ins, which pre sum ably re flect their di ver si fied orog ra phy and di ver si fied re la -
tion to land ar eas. Mor phol ogy of shelf ar eas (e.g., ex is tence of la goon sys tems),
and the pres ence or lack of es tu ar ies, play im por tant role in the na ture of the sur face
wa ter eco sys tems, as re flected in the fos sil re cord by var i ous dinoflagellate cyst as -
sem blages (see Fig. 15). How ever, dis tri bu tion of the lat ter in fos sil ma te rial is con -
trolled not only by palaeoenvironmental con di tions, but also by hy dro dy namic pro -
cesses, which com monly lead to resedimentation of the whole as so ci a tions from
their nat u ral en vi ron ments (e.g., la goonal en vi ron ment) into com pletely dif fer ent
sed i men tary set ting – for ex am ple abys sal plains. The lat ter phe nom e non, es pe -
cially when palynological ma te rial is con sid ered, seems to had been a very com mon 
pro cess in the Flysch Carpathian bas ins. Palynomorphs, in clud ing dinoflagellate
cysts, are char ac ter ized by high buoy ancy, and, com pared to other microfossils
(e.g., Foraminifera), can easily be transported by hydrodynamic processes without
significant resedimentation of clastic material (see e.g., Gedl & Kaminski, 2005;
Gedl, 2006b).

Epicontinental ba sin. Mid dle-Up per Eocene strata of the epicontinental ma -
rine ba sin have re cently been found in the Carpathian Foredeep (Tarnogród vi cin -
ity) be low a thick cover of Mio cene strata (Myœliwiec & Œmist, 2006; Gedl,
unpubl.). This iso lated spot of Eocene strata, to gether with ear lier known oc cur -
rence of Eocene de pos its in the So³okija val ley in Roztocze (Krzowski, 1993;
Cieœliñski & Rzechowski, 1993; Buraczyñski & Krzowski, 1994; GaŸdzicka,
1994; Buraczyñski & Rzechowski, 1998), are the only traces of a ma rine ba sin in
south-east ern Po land, south of the Lublin Up land, be ing the south ern most oc cur -
rence of epicontinental ma rine Eocene strata (Gedl, 2000a, 2006a). Their pres ence
in di cates a much larger ex ten sion of the Eocene sea than it was pre vi ously sup posed 
(e.g., Piwocki, 2004; S³odkowska, 2004), how ever, its south ern lim its, and pos si ble 
con nec tions with the Carpathian ba sin, are still un solved.

The age of the So³okija suc ces sion ac cord ing to GaŸdzicka (1994) is Bartonian.
The re sults of dinoflagellate cyst stud ies con firm this in ter pre ta tion, but also sug -
gest a Priabonian age in the top most part of the suc ces sion (Gedl, in prep.). The
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basal part of the So³okija suc ces sion (Bartonian) con tains a di ver si fied as sem blage
dom i nated by gonyaulacoids, sim i lar to the as sem blages from clasts of Bartonian
marl of Koniusza. This sim i lar ity is sup ported by the pres ence of some char ac ter is -
tic spe cies like an un des cribed Ge nus et spe cies indetermined C (Fig. 84E, H, I) in
both sites. How ever, the basal part of the So³okija suc ces sion con tains Enneado-
cysta pectiniformis, which is miss ing in the pale-col oured marl clasts; this may sug -
gest a slightly youn ger age of the So³okija de pos its. The top most part of the
So³okija suc ces sion dated as Priabonian (pres ence of Rhombodinium perforatum)
can be cor re lated with the most of the dark-col oured mudstone sam ples from
Koniusza. It yielded a peridinioid-dom i nated as sem blage con sist ing mainly of
Deflandrea, which pre sum ably re flects a ma jor drop in wa ter sa lin ity and ap pear -
ance of brack ish con di tions in epicontinental ba sin dur ing the Priabonian. This as -
sem blage con trasts with co eval ones found in dark-col oured mudstone at Koniusza, 
which tax o nom i cal com po si tion points at ma rine con di tions; their Deflandrea-ra -
tios, although higher than in Bartonian samples, show no significant changes in
water salinity.

Sim i lar i ties be tween Bartonian dinoflagellate cyst as sem blages from the Po-
piele beds at Koniusza, and the So³okija suc ces sion, sug gest that the Skole Ba sin
was pre sum ably con nected, at least par tially, with the epicontinental ba sin. Dur ing
the Priabonian an emerged bar rier north of the Skole Ba sin shelf sep a rated it from
the epicontinental sea. The lat ter be came grad u ally a fresh wa ter/brack ish ba sin at
Roztocze (the So³okija suc ces sion), whereas ma rine con di tions pre vailed in the
Skole Ba sin. At the same time, ma rine con di tions pre vailed not only in the Flysch
Carpathian bas ins, but also north of the Lublin Up land (brack ish con di tions that
char ac ter ized the Late Eocene epicontinental ba sin in Po land were most pro -
nounced dur ing its fi nal stage in the north ern part; e.g., Grabowska, 1987). The
Bartonian–Priabonian Siemieñ For ma tion (see Piwocki, 2002) rep re sents ma rine
sed i ments with stenohaline fauna in clud ing foraminifera, cal car e ous nannoplank-
ton, pelecypods, echinoids, bryo zoans, bi valves, brachi o pods and cor als (e.g.,
WoŸny, 1966, 1967, 1977; Po¿aryska and Locker, 1972; Po¿aryska, 1977; Szcze-
chura, 1977; Uberna & Odrzywolska-Bieñkowa, 1977; Kosmowska-Ceranowicz
et al., 1990). Ac cord ing to Po¿aryska (1977), foraminifera from the Siemieñ For -
ma tion are dif fer ent from those de scribed by Syniewska (1937) and Wójcik (1903)
from the Popiele beds. Po¿aryska (1977) sug gested on this base that the Siemieñ
For ma tion is slightly older than the Popiele beds (note: Po¿aryska’s com par i sons
are based on foraminiferal data from the fossiliferous mudstone of the Popiele beds, 
which is Priabonian). Po¿aryska (1977) also com pared other Eocene Carpathian as -
sem blages and sug gested that there was no di rect con nec tion be tween the Late
Eocene Carpathian and the epicontinental ma rine bas ins in Koniusza area (see also
Po¿aryska & Odrzywolska-Bieñkowa, 1977; Odrzywolska-Bieñkowa & Po¿a-
ryska, 1981). Pos si ble con nec tions be tween these two bas ins went through the
Moravian Gate (to the west) and through the Black Sea–Caspian Sea area (see
Po¿aryska, 1977, fig. 3).
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SUM MARY

1. Thirty two sam ples from the Popiele beds ex posed at Koniusza (Flysch
Carpathians, Po land) have been stud ied. They rep re sent var i ous lithologies that
build this olistostromic unit: dark-col oured fossiliferous mudstone that forms bulk
vol ume, and clasts of pale-col oured marl and non-cal car e ous green ish clay. Ad di -
tion ally, two sam ples from the un der ly ing Hi ero glyphic beds and one sam ple from
the over ly ing Menilitic beds have been in ves ti gated.

2. All sam ples con tain rich palynological ma te rial. Palynofacies of dark-col -
oured mudstone is dom i nated by land-de rived re mains of vas cu lar plants and
sporomorphs. Pale-col oured marly and clay clasts, in turn, yielded mainly black
and dark brown phytoclasts and dinoflagellate cysts. Among other aquatic palyno-
morphs, Tasmanites and foraminiferal or ganic lin ings are as so ci ated with fossilife-
rous mudstone, whereas Schizosporis? sp. oc curs in pale-col oured lithologies.

3. A to tal of 152 dinoflagellate cyst taxa have been de scribed from the Popiele
beds. Their as sem blages are gen er ally rich and tax o nom i cally di ver si fied, be ing
dom i nated by gonyaulacoids. Pale-col oured marl sam ples show lower di ver sity of
dinoflagellate cysts than the dark-col oured mudstone ones; the for mer are com -
monly dom i nated by Homotryblium. The lat ter, in turn, show higher ratio of peri-
dnioids.

4. The ages of the dinoflagellate as sem blages from the Popiele beds at Koniusza
span the Bartonian and Priabonian. The old est are Bartonian pale-col oured marl
sam ples. Sam ples from dark fossiliferous mudstone and pale-col oured non cal car e -
ous mudstone con tain Priabonian as sem blages with Rhombodinium perforatum.
These in ter pre ta tions gen er ally co in cide with the ones of ear lier stud ies of the Po-
piele beds based on mi cro- and macrofauna.

5. There has been al most no pre-Eocene re cy cled spe cies ob served in the ma te -
rial stud ied. A sin gle spec i men of the Ju ras sic ge nus Ctenidodinium has been found
only (two ad di tional spec i mens have been found in the Hi ero glyphic beds sam ple).
The same re fers to Palaeogene spe cies: no Paleocene or Early Eocene spe cies have
been found. The Priabonian sam ples con tain no Mid dle Eocene spe cies. This sug -
gests lack of ero sion of Me so zoic and pre-Mid dle Eocene sub stra tum dur ing
acumulation of de pos its that later formed the Popiele beds.

6. Palynological anal y sis shows that lithofacies that build olistostromes of the
Popiele beds were orig i nally de pos ited in shelf en vi ron ments. The most prox i mal
set ting was oc cu pied by dark-col oured fossiliferous mudstone. Pale-col oured
lithologies ac cu mu lated in a more off shore shelf zone, with the Priabonian non-cal -
car e ous mudstone de pos ited as the most off shore one. All stud ied lithofacies were
de pos ited in ma rine en vi ron ment. Mar ginal shelf zone was pre sum ably slightly in -
flu enced by river mouths, lead ing to faint nu tri ent en rich ment in sur face wa ters and
in creased in flux of ter res trial or ganic par ti cles. Mix ing of shelf wa ters by hy dro dy -
namic cur rents re sulted in resedimentation of la goonal dinoflagellate cyst as sem -
blages into a more off shore shelf zone; this phe nom e non made palaeoenvironmen-
tal re con struc tions of the Skole Ba sin shelf area more com pli cated. Sedimentolo-
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gical re la tion ship of par tic u lar sam ples could not be con sid ered due to olistostromic 
char ac ter of the unit stud ied. An at tempt of palaeonvironment re con struc tion re -
sulted in dis tin guish ing the fol low ing palaeoenvironmental zones at the shelf of the
Skole Basin during Bartonian and Priabonian (Fig. 15):

 (i) La goons oc cu pied the near-shore belt; their hypersaline wa ters were in hab -
ited by motile stages of Polysphaeridium and Homotryblium; there are no pre -
served de pos its of this en vi ron ment among the lithologies stud ied – their dinoflage- 
llate cysts oc cur as win nowed into more off shore lithologies.

(ii) Basinwards, a shelf zone ex tended where fossiliferous mudstone ac cu mu -
lated. This zone was char ac ter ized by rel a tively high hy dro dy namic con di tions re -
spon si ble for com mon me chan i cal dam age of dinoflagellate cysts; on the other
hand they pre vented wa ter strat i fi ca tion, and, de spite a high in flux of ter res trial ma -
ter, they en sured op ti mal liv ing con di tions at the bot tom in hab ited by di ver si fied
ben thic as sem blages, mainly gas tro pods and bi valves. Its sur face wa ters were in -
hab ited by di ver si fied dinoflagellate as sem blages point ing to a nor mal sa line wa ter, 
al though fresh wa ter in flux of a mi nor mag ni tude was marked by a high ra tio of
land-de rived plant par ti cles. Fresh wa ter in flux was pos si bly re spon si ble for a rel a -
tively high ra tio of peridinioids, which benefited from slightly increased nutrient
availability.

(iii) Far ther basinwards, a zone of pale-col oured marl ac cu mu la tion oc curred. It
was lo cated on a shelf, off shore with re la tion to the sed i men tary set ting of the
fossiliferous dark mudstone, and be yond the zone of in tense land in flu ences. Lack
of the lat ter led to more oligotrophic con di tions char ac ter is tic for basinal wa ters;
their which in flu ences are man i fested by the pres ence of oce anic ge nus Impagi-
dinium. Ma rine cur rents were re spon si ble not only for wa ter ex change with off -
shore zone, but also with la goonal ones: as a re sult of the lat ter, monospecific as -
sem blages of hypersaline spe cies ap peared in off shore sedimentary setting of the
pale-coloured marl.

(iv) Far ther off shore, dur ing the Mid dle-Late Eocene, de po si tion of the Hi ero -
glyphic beds and the Globigerina marls took place on slope and in basinal parts of
the Skole Ba sin (Fig. 15).

7. The shelf area of the Skole Ba sin, where de po si tion of the lithofacies that
build the Popiele beds took place, was pre sum ably con nected dur ing the Bartonian
with the epicontinental sea of the south-east ern Po land. This in ter pre ta tion takes
into ac count tax o nom i cal sim i lar i ties be tween Bartonian as sem blages of both bas -
ins. Dur ing the Priabonian these two bas ins were pre sum ably sep a rated by a nar row 
land bar rier. The south ern most part of the Late Eocene epicontinental ba sin be came 
brack ish then, whereas the Carpathian basins remained fully marine.
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A to tal of 152 dinoflagellate cyst taxa have been rec og nized in the Eocene of the
Popiele beds ex posed at Koniusza (their fre quen cies are shown in Fig. 7). They are
il lus trated in Figs 15–82, and listed be low in al pha betic or der. Taxa from the Hi ero -
glyphic beds are shown in Figs 83 and 84. Tax on omy of the spe cies de scribed in
this sec tion [ar ranged al pha bet i cally, per fam ily or subfamily; clas si fi ca tion by
Fensome et al. (1993) is used] fol lows Fensome & Wil liams (2004). Ter mi nol ogy
ap plied to the mor phol ogy of dinoflagellate cysts fol lows Wil liams et al. (2000).
Be side dinoflagellate cysts, some other aquatic palynomorphs are il lus trated in
Figs 85–88 in this chap ter. They are listed at the end of dinoflagellate cyst list.

Achilleodinium biformoides (Eisenack 1954) Eaton 1976 (p. 70; Fig. 7.94; Fig. 27L, M)
Achomosphaera alcicornu (Eisenack 1954) Davey et Wil liams 1966 (p. 101; Fig. 7.49; Fig. 44N,

Fig. 85E)
Achomosphaera crassipellis (Deflandre et Cookson 1955) Stover et Evitt 1978 (p. 101; Fig. 7.109; 

Fig. 44P, Fig. 85B)
Achomosphaera ramulifera (Deflandre 1937) Evitt 1963 (p. 101; Fig. 7.41; Fig. 44I–M)
Achomosphaera sp. sensu Brinkhuis 1992 (p. 103; Fig. 7.113; Fig. 44O)
Adnatosphaeridium multispinosum Wil liams et Downie 1966 (p. 121; Fig. 7.40; Fig. 20D, E, Fig.

54A–C, E, F, K–P, Fig. 85G)
Adnatosphaeridium vittatum Wil liams et Downie 1966 (p. 121; Fig. 7.42; Fig. 54D, G–J)
Apectodinium homomorphum (Deflandre et Cookson 1955) Lentin et Wil liams 1977 (p. 164; Fig.

7.50; Fig. 80I, Fig. 82A–C, Q)
Araneosphaera araneosa Eaton 1976 (p. 70; Fig. 7.137; Fig. 28S)
Areoligera coronata (Wetzel 1933) Lejeune-Carpentier 1938 (p. 124; Fig. 7.130; Fig. 55M, N,

Fig. 84A, L)
Areoligera cf. medusettiformis sensu Eaton 1976 (p. 124; Fig. 7.151; Fig. 84 F, G)
Areosphaeridium diktyoplokum (Klumpp 1953) Eaton 1971 (p. 61; Fig. 7.2; Fig. 17A–F, Fig. 18A, 

B, Fig. 20A–C)
Areosphaeridium ebdonii Bujak 1994 (p. 61; Fig. 7.108; Fig. 18D–F)
Areosphaeridium michoudii Bujak 1994 (p. 61; Fig. 7.76; Fig. 18C, H–L, Fig. 19G)
Batiacasphaera hirsuta Stover 1977 (p. 145; Fig. 7.69; Fig. 52F, G)
Batiacasphaera micropapillata Stover 1977 (p. 145; Fig. 7.55; Fig. 52H, I, M)
Batiacasphaera? reticulata (Davey 1969) Davey 1979 (p. 145; Fig. 7.133; Fig. 52P–S)
Batiacasphaera sp. A (p. 145; Fig. 7.58; Fig. 52L)
Batiacasphaera sp. B (p. 146; Fig. 7.63; Fig. 52J, K, Fig. 53A, F)
Batiacasphaera sp. C (p. 146; Fig. 7.68; Fig. 52O, T, Fig. 53C)
Cerebrocysta bartonensis Bujak in Bujak et al. 1980 (p. 146; Fig. 7.48; Fig. 45T–X, Fig. 51E)
Cerebrocysta cf. bartonensis Bujak 1980 (p. 147; Fig. 7.150; Fig. 45Y–Z1)
Charlesdowniea clathrata (Eisenack 1938) Lentin et Vozzhennikova 1989 (p. 165; Fig. 7.98; Fig.

75B, C, G, H, Fig. 76A–F)
Charlesdowniea coleothrypta (Wil liams et Downie 1966) Lentin et Vozzhennikova 1989 (p. 166;

Fig. 7.8; Fig. 75A, D, E, Fig. 77A–I, Fig. 78A–I, Fig. 79A–G, Fig. 80A–E)
Charlesdowniea columna (Michoux 1988) Lentin et Vozzhennikova 1990 (p. 167; Fig. 7.66; Fig.

76G–I)
Chlamydophorella sp. (p. 147; Fig. 7.122; Fig. 16U–W)
Cleistosphaeridium ancyreum (Cookson et Eisenack 1965) Eaton, Fensome, Rid ing et Wil liams

2001 (p. 64; Fig. 7.78; Fig. 21D, E, G, H, J, K, Fig. 22A, M, N, P–S, Fig. 23M–O, Fig. 25A–C,
F–I, Fig. 26J, K)

Cleistosphaeridium placacanthum (Deflandre et Cookson 1955) Eaton, Fensome, Rid ing et
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Wil liams 2001 (p. 67; Fig. 7.83; Fig. 24A–P, Fig. 21A–C, F, I, L, Fig. 25D)
Cleistosphaeridium sp. (p. 67; Fig. 7.44; Fig. 22B, Fig. 23Q–U, Fig. 26F)
Cleistosphaeridium? sp. A (p. 70; Fig. 7.105; Fig. 22C–L, O, Fig. 23A–L, P, Fig. 26A, D, E, G–I)
Cordosphaeridium cantharellus (Brosius 1963) Gocht 1969 (p. 73; Fig. 7.11; Fig. 28P, Q, Fig.

29A–F)
Cordosphaeridium fibrospinosum Davey et Wil liams 1966 (p. 73; Fig. 7.86; Fig. 28R, T, U)
Cordosphaeridium funiculatum Morgenroth 1966 (p. 73; Fig. 7.129; Fig. 30G, L–N)
Cordosphaeridium funiculatum sensu Brinkhuis 1992 (p. 79; Fig. 7.107; Fig. 31J–L)
Cordosphaeridium gracile (Eisenack 1954) Davey et Wil liams 1966 (p. 79; Fig. 7.18; Fig. 29J–L,

Fig. 85J, K, L)
Cordosphaeridium inodes (Klumpp 1953) Eisenack 1963 (p. 79; Fig. 7.77; Fig. 32B, S, T, Fig.

85F)
Cordosphaeridium min i mum (Morgenroth 1966) Benedek 1972 (p. 80; Fig. 7.57; Fig. 28F–O)
Cordosphaeridium? solidospinosum Gedl 1995 (p. 80; Fig. 7.23; Fig. 29G–I)
Cordosphaeridium sp. A (p. 80; Fig. 7.126; Fig. 28A–E)
Corrudinium incompositum (Drugg 1970) Stover et Evitt 1978 (p. 103; Fig. 7.29; Fig. 45J–S)
Corrudinium? sp. A sensu Gedl 2005 (p. 103; Fig. 7.75; Fig. 32Q, R)
Cribroperidinium giuseppei (Morgenroth 1966) Helenes 1984 (p. 84; Fig. 7.14; Fig. 33A–P)
Dapsilidinium pseudocolligerum (Stover 1977) Bujak et al. 1980 (p. 147; Fig. 7.88; Fig. 20J, K,

Fig. 34S–Z, Fig. 53E)
Deflandrea arcuata Vozzhennikova 1967 (p. 151; Fig. 7.37; Fig. 68E–G)
Deflandrea granulata Menéndez 1965 (p. 152; Fig. 7.62; Fig. 69E–N)
Deflandrea heterophlycta Deflandre et Cookson 1955 (p. 152; Fig. 7.20; Fig. 68H–J, L–O, Fig.

80J)
Deflandrea leptodermata Cookson et Eisenack 1965 (p. 152; Fig. 7.61; Fig. 68A–D)
Deflandrea phosphoritica Eisenack 1938 (p. 155; Fig. 7.4; Fig. 68K, Fig. 69A–D, O, P, Fig.

70A–N, Fig. 80K)
Dinopterygium cladoides sensu Morgenroth 1966 (p. 134; Fig. 7.24; Fig. 62A–H, J–M)
Diphyes colligerum (Deflandre et Cookson 1955) Cookson 1965 (p. 84; Fig. 7.87; Fig. 34N–Q)
Distatodinium craterum Eaton 1976 (p. 148; Fig. 7.110; Fig. 55E, I)
Distatodinium ellipticum (Cookson 1965) Eaton 1976 (p. 148; Fig. 7.91; Fig. 55A, B, F–H)
Distatodinium ?scariosum Liengjarern, Costa et Downie 1980 (p. 148; Fig. 7.146; Fig. 55O–Q)
Distatodinium virgatum Stover 1977 (p. 149; Fig. 7.143; Fig. 55C, D)
Dracodinium laszczynskii Gedl 1995 (p. 168; Fig. 7.116; Fig. 80F, Fig. 81A–F)
Dracodinium cf. laszczynskii Gedl 1995 (p. 168; Fig. 7.131; Fig. 63G, H)
Enneadocysta arcuata (Eaton 1971) Stover et Wil liams 1995 (p. 64; Fig. 7.135; Fig. 19E, F)
Enneadocysta pectiniformis (Gerlach 1961) Stover et Wil liams 1995 (p. 64; Fig. 7.80; Fig.

19A–D, H–J, L, M, Fig. 20G)
Escharisphaeridia sp. (p. 115; Fig. 7.128; Fig. 16D, E, Fig. 53B)
Fibrocysta axialis (Eisenack 1965) Stover et Evitt 1978 (p. 117; Fig. 7.33; Fig. 40C, F, I–K)
Fibrocysta radiata (Morgenroth 1966) Stover et Evitt 1978 (p. 117; Fig. 7.52; Fig. 40G, H)
Fibrocysta sp. A (p. 117; Fig. 7.34; Fig. 40D, E)
Glaphyrocysta exuberans (Deflandre et Cookson 1955 ex Eaton 1976) Stover et Evitt 1978 (p.

125; Fig. 7.70; Fig. 84J, M)
Glaphyrocysta intricata (Eaton 1971) Stover et Evitt 1978 (p. 126; Fig. 7.97; Fig. 56M, P–T)
Glaphyrocysta semitecta (Bujak in Bujak et al. 1980) Lentin et Wil liams 1981 (p. 126; Fig. 7.7;

Fig. 53I, Fig. 57A–P, Fig. 56A–L, N, O)
Heslertonia? sp. (p. 149; Fig. 7.95; Fig. 32A, N, O)
Heterelaucacysta cam panula Drugg et Loeblich Jr. 1967 (p. 129; Fig. 7.115; Fig. 61C, G, H, J, K)
Heterelaucacysta cf. cam panula Drugg et Loeblich Jr 1967 (p. 129; Fig. 7.134; Fig. 62O, P)
Heterelaucacysta leptalea Eaton 1976 (p. 131; Fig. 7.35; Fig. 61A, B, D, E)
Heterelaucacysta porosa Bujak in Bujak et al. 1980 (p. 133; Fig. 7.15; Fig. 62N, Fig. 61F, I, L)
Heterelaucacysta pustulata Jan du ChÃne et Adediran 1985 (p. 134; Fig. 7.127; Fig. 62I)
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Heterosphaeridium sp. A (p. 149; Fig. 7.3; Fig. 26B, C, Fig. 59A–C, E–T, Fig. 60B–T)
Homotryblium abbreviatum Eaton 1976 (p. 136; Fig. 7.51; Fig. 63I–L, Fig. 64P, Q, Fig. 85C)
Homotryblium aculeatum Wil liams 1978 (p. 136; Fig. 7.22; Fig. 63A–H, Fig. 64R, S)
Homotryblium caliculum Bujak in Bujak et al. 1980 (p. 136; Fig. 7.90; Fig. 67Q–T)
Homotryblium conicum Gedl 1995 (p. 137; Fig. 7.142; Fig. 47M–P)
Homotryblium plectilum Drugg et Loeblich Jr. 1967 (p. 138; Fig. 7.5; Fig. 64E–J, Fig. 66I–K)
Homotryblium cf. plectilum Drugg et Loeblich Jr. 1967 (p. 138; Fig. 7.31; Fig. 64K–O, T, Fig. 66H)
Homotryblium tenuispinosum Davey et Wil liams 1966 (p. 138; Fig. 7.1; Fig. 63M–T, Fig. 65A–H)
Homotryblium vallum Stover 1977 (p. 142; Fig. 7.47; Fig. 64A, D)
Homotryblium cf. vallum Stover 1977 (p. 142; Fig. 7.60; Fig. 64B, C)
Hystrichokolpoma cinctum Klumpp 1953 (p. 87; Fig. 7.132; Fig. 35M, N)
Hystrichokolpoma rigaudiae Deflandre et Cookson 1955 (p. 87; Fig. 7.13; Fig. 36A–P, Fig.

35A–C, O–Q, Fig. 32C–E)
Hystrichokolpoma cf. rigaudiae Deflandre et Cookson 1955 (p. 87; Fig. 7.149; Fig. 35R–U)
Hystrichokolpoma salacia Eaton 1976 (p. 89; Fig. 7.101; Fig. 35D, I–L, Fig. 32K–M)
Hystrichosphaeridium salpingophorum (Deflandre 1935) Deflandre 1937 (p. 142; Fig. 7.85; Fig.

18H, Fig. 19K, N–S)
Hystrichostrogylon coninckii Heilmann–Clausen 1985 (p. 105; Fig. 7.138; Fig. 44D)
Hystrichostrogylon membraniphorum Agelopoulos 1964 (p. 105; Fig. 7.81; Fig. 44A–C)
Impagidinium aculeatum (Wall 1967) Lentin et Wil liams 1981 (p. 106; Fig. 7.46; Fig. 46A–F, K)
Impagidinium maculatum (Cookson et Eisenack 1961) Stover et Evitt 1978 (p. 106; Fig. 7.124;

Fig. 46Q, R)
Impagidinium margaritiferum (Cookson et Eisenack 1960) Stover et Evitt 1978 (p. 106; Fig.

7.121; Fig. 46S)
Impagidinium velorum Bujak 1984 (p. 108; Fig. 7.59; Fig. 46O, P)
Impagidinium sp. A sensu Gedl 2005 (p. 108; Fig. 7.36; Fig. 46U–Z2)
Impagidinium sp. B sensu Gedl 2005 (p. 108; Fig. 7.125; Fig. 46N, Z3, Z4, Fig. 51A, B)
Impagidinium sp. C sensu Gedl 2005 (p. 108; Fig. 7.123; Fig. 46G–J, L, M, T, Fig. 51D)
Lejeunecysta fallax (Morgenroth 1966) Artzner et Dörhöfer 1978 (p. 176; Fig. 7.141; Fig. 83T, U)
Lejeunecysta globosa Biffi et Grignani 1983 (p. 180; Fig. 7.136; Fig. 83O)
Lejeunecysta lata Biffi et Grignani 1983 (p. 181; Fig. 7.100; Fig. 83W)
Lejeunecysta sp. (p. 181; Fig. 7.106; Fig. 83V)
Lentinia serrata Bujak 1980 (p. 158; Fig. 7.27; Fig. 71A–P)
Lingulodinium machaerophorum (Deflandre et Cookson 1955) Wall 1967 (p. 89; Fig. 7.38; Fig.

20H, I, L, Fig. 27D–F)
Melitasphaeridium asterium (Eaton 1976) Bujak et al. 1980 (p. 119; Fig. 7.89; Fig. 34L, M)
Melitasphaeridium pseudorecurvatum (Morgenroth 1966) Bujak et al. 1980 (p. 119; Fig. 7.74;

Fig. 34A–K, R, Fig. 53J, Fig. 84C)
Membranophoridium aspinatum Gerlach 1961 (p. 129; Fig. 7.21; Fig. 53G, H, Fig. 55K, L, Fig.

58A–L, Fig. 59D, Fig. 60A)
Microdinium reticulatum Vozzhennikova 1967 (p. 59; Fig. 7.117; Fig. 16A–C, F–M)
Microdinium aff. reticulatum Vozzhennikova 1967 (p. 59; Fig. 7.119; Fig. 16P–T)
Microdinium sp. (p. 60; Fig. 7.118; Fig. 16N, O)
Nematosphaeropsis labyrinthus (Ostenfeld 1903) Reid 1974 (p. 109; Fig. 7.93; Fig. 47A–D)
Nematosphaeropsis lemniscata Bujak 1984 (p. 109; Fig. 7.112; Fig. 47E–H, Y)
Nematosphaeropsis reticulensis (Pastiels 1948) Sarjeant 1986 (p. 109; Fig. 7.92; Fig. 47I–X,

Z–Z1)
Operculodinium centrocarpum (Deflandre et Cookson 1955) Wall 1967 (p. 90; Fig. 7.26; Fig.

37A–R, Fig. 84K)
Operculodinium divergens (Eisenack 1954) Stover et Evitt 1978 (p. 93; Fig. 7.9; Fig. 30A–F, H,

K, Fig. 31A–C, F–I)
Operculodinium microtriainum (Klumpp 1953) Is lam 1983 (p. 93; Fig. 7.6; Fig. 20F, 24I, J, Fig.

38G, Fig. 39J–O, Fig. 40A, B)
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Operculodinium ti ara (Klumpp 1953) Stover et Evitt 1978 (p. 93; Fig. 7.30; Fig. 31D, E, Fig.
39F–I)

Operculodinium sp. A (p. 94; Fig. 7.56; Fig. 39A–E)
Palaeocystodinium golzowense Al ber ti 1961 (p. 159; Fig. 7.96; Fig. 72S)
Pentadinium laticinctum Gerlach 1961 (p. 111; Fig. 7.84; Fig. 32P, U, V–X, Fig. 51F, G)
Phthanoperidinium alectrolophum Eaton 1976 (p. 160; Fig. 7.103; Fig. 73S–V, Fig. 74D, E, G–I)
Phthanoperidinium comatum (Morgenroth 1966) Eisenack et Kjellström 1972 (p. 160; Fig. 7.19;

Fig. 73C–K, Fig. 74B, C)
Phthanoperidinium delicatum Michoux 1985 (p. 160; Fig. 7.79; Fig. 73N–R, Fig. 85A)
Phthanoperidinium? eocenicum (Cookson et Eisenack 1965) Lentin et Wil liams 1973 (p. 162;

Fig. 7.102; Fig. 72A–L, Fig. 74A)
Phthanoperidinium stockmansii (de Coninck 1975) Lentin et Wil liams 1977b (p. 162; Fig. 7.28;

Fig. 73A, B, L, M, Fig. 74F)
Polysphaeridium subtile Davey et Wil liams 1966 (p. 143; Fig. 7.45; Fig. 67A–L)
Polysphaeridium zoharyi (Rossignol 1962) Bujak et al. 1980 (p. 143; Fig. 7.43; Fig. 53D)
Pyxidinopsis sp. A sensu Gedl 2005 (p. 119; Fig. 7.64; Fig. 52N)
Pyxidinopsis sp. C sensu Gedl 2005 (p. 121; Fig. 7.65; Fig. 45A–H, Z1, Z2)
Reticulatosphaera actinocoronata (Benedek 1972) Bujak et Matsuoka 1986 (p. 150; Fig. 7.104;

Fig. 32F–J)
Rhombodinium perforatum (Jan du ChÃne et Châteauneuf 1975) Lentin et Wil liams 1977 (p. 169;

Fig. 7.10; Fig. 82E–G)
Rottnestia borussica (Eisenack 1954) Cookson et Eisenack 1961 (p. 111; Fig. 7.71; Fig. 44E, H)
Samlandia chlamydophora Eisenack 1954 (p. 94; Fig. 7.17; Fig. 27A–C, G–K, N, O)
Selenopemphix armata Bujak 1980 (p. 183; Fig. 7.53; Fig. 83J–N, P)
Selenopemphix nephroides Benedek 1972 (p. 183; Fig. 7.82; Fig. 83A, D–I, Q–S)
Selenopemphix selenoides Benedek 1972 (p. 183; Fig. 7.145; Fig. 83B, C)
Sepispinula? ambigua (Deflandre 1937) Masure 2004 (p. 150; Fig. 7.140; Fig. 16X, Y)
Spiniferites pseudofurcatus (Klumpp 1953) Sarjeant 1970 (p. 112; Fig. 7.16; Fig. 48O)
Spiniferites ramosus (Ehrenberg 1838) Mantell 1854 (p. 112; Fig. 7.25; Fig. 44F, G, Fig. 48A–N,

P, Q, Fig. 49A–L, Fig. 84B)
Tectatodinium pellitum Wall 1967 (p. 115; Fig. 7.54; Fig. 45I, Fig. 51H–K, Fig. 52U–Y)
Thalassiphora delicata Wil liams et Downie 1966 (p. 97; Fig. 7.111; Fig. 41F, Fig. 42A, E)
?Thalassiphora dynamica (Morgenroth 1966) Stover et Evitt 1978 (p. 100; Fig. 7.99; Fig. 55J)
Thalassiphora patula (Wil liams et Downie 1966) Stover et Evitt 1978 (p. 100; Fig. 7.114; Fig.

27A–F, Fig. 85I)
Thalassiphora pelagica (Eisenack 1954) Eisenack et Gocht 1960 (p. 100; Fig. 7.12; Fig. 43G–K,

Fig. 41A–E, Fig. 42B–D, Fig. 85D)
Thalasiphora reticulata Morgenroth 1966 (p. 100; Fig. 7.144; Fig. 42F)
Vectidinium? sp. (p. 162; Fig. 7.73; Fig. 72M–R, T–X)
Vozzhennikovia sp. (p. 159; Fig. 7.39; Fig. 71U–X, Fig. 80H)
Wetzeliella sp. (p. 175; Fig. 7.72; Fig. 82D, J, O, P)
Wilsonidium? sp. (p. 175; Fig. 7.147; Fig. 81J–L)
Ynezidinium brevisulcatum (Michoux 1985) Lucas-Clark et Helenes (p. 115; Fig. 7.67; Fig.

50A–K, Fig. 51C)

Ge nus et spe cies indetermined A (p. 150; Fig. 7.120; Fig. 52A–C)
Ge nus et spe cies indetermined B (p. 151; Fig. 7.139; Fig. 52D, E)
Ge nus et spe cies indetermined C (p. 151; Fig. 7.148; Fig. 84E, H, I)
Indetermined peridinioids (p. 164; Fig. 7.32; Fig. 71Q, R, S, T, Fig. 80G)

Re worked pre-Eocene dinoflagellate cyst taxa:
Ctenidodinium sp. (Fig. 6.152; Fig. 84D)
Cribroperidinium ?edwardsii (Fig. 6.153; Fig. 85H; this spe cies oc curs in the Hi ero glyphic beds

ex clu sively)
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Other aquatic palynomorphs:
Botryococcus sp. (Fig. 86H)
Tamanites sp. (Fig. 86B, F, G, I–Q, Fig. 89F)
Incertae sedis (Schizosporis? sp.) (Fig. 86A, E, R–U, Fig. 89A–D)
Foraminiferal or ganic lin ings (Fig. 87A–M, Fig. 88C–F, Fig. 89E)
Scolecodonts (Fig. 88A, B)

Di vi sion DINOFLAGELLATA (Bütschli 1885) Fensome et al. (1993)
Sub di vi sion DINOKARYOTA Fensome et al. (1993)

Class DINOPHYCEAE Pascher 1914
Sub class PERIDINIPHYCIDAE Fensome et al. (1993)

Or der GONYAULACALES Tay lor 1980
Suborder CLADOPYXIINEAE Fensome et al. (1993)

Fam ily CLADOPYXIACEAE Stein 1883

Ge nus Microdinium Cookson et Eisenack 1960

Type spe cies: Microdinium ornatum Cookson et Eisenack 1960

1960 Microdinium n. gen.; Cookson & Eisenack (1960), p. 6
1966 Microdinium Cookson et Eisenack 1960 emend.; Sarjeant (1966), p. 148–149
1978 Microdinium Cookson et Eisenack 1960 emend.; Stover & Evitt (1978), p. 65–66
1994 Microdinium Cookson et Eisenack 1960 emend.; Slimani (1994), p. 24

Microdinium reticulatum Vozzhennikova 1967
(Fig. 16A–C, F–M)

1967 Microdinium reticulatum n. sp.; Vozzhennikova (1967), p. 96–97, pl. 37, figs. 2–5.

Ma te rial. Rare; this spe cies oc curs in sam ples Kns8, Kns10–13, Kns21, Kns22,
Kns25, Kns27 and Kns28.

De scrip tion. Cyst small, ovoidal to slightly el lip soi dal, with hypocyst larger than
epicyst. Paratabulation ex pressed by low and smooth crests of equal height. Crest
width vari able; it ranges from thin and del i cate (e.g., Fig. 16A, B, F) to mas sive
(Fig. 16G). Paraplates re tic u late.

Microdinium aff. reticulatum Vozzhennikova 1967
(Fig. 16P–T)

Ma te rial. Five spec i mens in sam ple Kns8.

De scrip tion. A spe cies of Microdinium with rel a tively thick cyst wall and pro-
m i nent paraplate re tic u la tion pat tern. Muri large, they seem to at least partly
over lap parasutural crests.

Dis cus sion. This spe cies is sim i lar to M. reticulatum. It dif fers by thicker cyst wall
and more prom i nent re tic u late struc ture of the cyst wall.
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Microdinium sp.
(Fig. 16N, O)

Ma te rial. Two spec i mens in sam ple Kns8.

De scrip tion. Ovoidal spe cies of Microdinium with smooth, low and dis crete
parasutural crests de lim it ing smooth paraplates ar eas.
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Fig. 16 Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Microdinium sp. (same
spec i men, var i ous foci; Kns13); C – Microdinium sp. (Kns8); D – Escharisphaeridia sp. (Kns8); E –
Escharisphaeridia sp. (Kns8); F – Microdinium sp. (Kns10); G – Microdinium sp. (Kns11); H, I –
Microdinium sp. (same spec i men, var i ous foci; Kns11); J – Microdinium sp. (Kns12); K–M –
Microdinium sp. (same spec i men, var i ous foci; Kns8); N, O – Microdinium sp. A (same spec i men,
var i ous foci; Kns8); P – Microdinium sp. B (Kns8); Q – Microdinium sp. B (Kns8); R, S –
Microdinium sp. B (same spec i men, var i ous foci; Kns8); T – Microdinium sp. B (Kns8); U –
Chlamydophorella sp. (Kns10); V – Chlamydophorella sp. (Kns11); W – Chlamydophorella sp.
(Kns8); X – Sepispinula? ambigua (Kns12); Y – Sepispinula? ambigua (Kns14)



Suborder GONYAULACINEAE (Auto nym)
Fam ily GONYAULACACEAE Lindemann 1928

Subfamily LEPTODINIOIDEAE Fensome et al. (1993)

Ge nus Areosphaeridium Eaton 1971

Type spe cies: Areosphaeridium diktyoplokum (Klumpp 1953) Eaton 1971

1971 Areosphaeridium n. gen.; Eaton (1971), p. 357–358
1995 Areosphaeridium Eaton 1971 emend.; Stover & Wil liams (1995), p. 100

Areosphaeridium diktyoplokum (Klumpp 1953) Eaton 1971
(Fig. 17A–F, Fig. 18A, B, Fig. 20A–C)

1953 Hystrichosphaeridium diktyoplokum n. sp.; Klumpp (1953), p. 392, pl. 18, figs. 3–7
1971 Areosphaeridium diktyoplokum comb. nov.; Eaton (1971), p. 358–359
1971 Areosphaeridium diktyoplokum Klumpp 1953 emend.; Eaton (1971), p. 359
1995 Areosphaeridium diktyoplokum Klumpp 1953 emend.; Stover & Wil liams (1995), p. 102

Ma te rial. This spe cies oc curs in al most all sam ples ex cept of Kns4, Kns11, Kns21,
Kns23, Kns24, Kns30 and Kns33. It is very com mon in sam ple Kns1. Iso lated
pro cesses fre quently oc cur.

De scrip tion. Cyst wall on ma jor ity of spec i mens smooth to finely gran u lar.
Pro cess stems solid and al ways smooth. Dis tal ter mi na tions of pro cesses in shape of 
reg u larly fenestrate plat forms. Their mar gins are of two types, con stant in each
spec i men: smooth (Fig. 17E, F, Fig. 20C) and ir reg u lar (Fig. 17A–D, Fig. 19A, B,
Fig. 20B).

Areosphaeridium ebdonii Bujak 1994
(Fig. 18D–F)

1994 Areosphaeridium ebdonii n. sp.; Bujak (1994), p.119–121, pl. 2, figs. 8–9

Ma te rial. Sin gle spec i mens were found in sam ples Kns17 and Kns22; iso lated
operculum was found in sam ple Kns6.

De scrip tion. Cyst subspherical, chorate with intratabular thick, solid, rel a tively
short pro cesses dis tally ter mi nated with with fenestrate oval plat form typ i cal for A.
diktyoplokum. Pro cess length does not ex ceed 15 m; the ones at hypocyst are
slightly lon ger. Operculum found in sam ple Kns6 (Fig. 18D) con sists of four api cal
paraplates, each with sin gle intratabular pro cess.

Areosphaeridium michoudii Bujak 1994
(Fig. 18C, H–L, 13G)

1994 Areosphaeridium michoudii n. sp.; Bujak (1994), p. 121, pl. 1, figs. 1–3

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns4–6, Kns8, Kns9, Kns26–28 and
Kns31; more fre quent spec i mens were found in sam ples Kns10, Kns11, Kns17,
Kns20–22 and Kns32.
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De scrip tion. Cyst large, chorate with solid intratabular pro cesses and api cal
archaeopyle. No paracingular pro cesses. Cyst wall rather smooth, some spec i mens
have finely gran u lar sur face. Stems al ways smooth. Pro cesses dis tally ex panded
and branched into ir reg u lar net work.
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Fig. 17. Dinoflagellate cysts from the Popiele beds at Koniusza. A–F – Areosphaeridium diktyo-
plokum (A: Kns1; B: Kns3; C, D: Kns8; E, F: Kns6, same spec i men, var i ous foci)
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Fig. 18. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Areosphaeridium diktyo-
plokum (Kns6, same spec i men, var i ous foci); C – Areosphaeridium michoudii (frag ment of iso lated
operculum with two pro cesses; Kns5); D – Areosphaeridium ebdonii (iso lated operculum; Kns6); E,
F – Areosphaeridium ebdonii (same spec i men, var i ous foci; Kns17); G – Hystrichosphaeridium
salpingophorum (Kns33); H–J – Areosphaeridium michoudii (small spher i cal spec i men, var i ous
foci; Kns8); K, L – Areosphaeridium michoudii (same spec i men, var i ous foci; Kns4)



Ge nus Enneadocysta Stover et Wil liams 1995

Type spe cies: Enneadocysta pectiniformis (Gerlach 1961) Stover et Wil liams 1995

1995 Enneadocysta n. gen.; Stover & Wil liams (1995), p. 108–109

Enneadocysta arcuata (Eaton 1971) Stover et Wil liams 1995
(Fig. 19E, F)

1971 Areosphaeridium arcuatum sp. nov.; Eaton (1971), p. 360–363, pl. 3, figs 1–9; text-figs
4–5

1995 Enneadocysta arcuata comb. nov.; Stover & Wil liams (1995), p. 108
1995 Enneadocysta arcuata Eaton 1971 emend.; Stover & Wil liams (1995), p. 109

Ma te rial. Rare spec i mens in sam ples Kns12, Kns22, Kns25, Kns26, Kns29 and
Kns32.

De scrip tion. Cyst rel a tively large, chorate with intratabular pro cesses ter mi nated
with horse-shoe branch ing. Pro cesses gen er ally solid and smooth, finely fi brous. Pro -
cesses at hypocyst slightly broader with ir reg u larly scat tered per fo ra tions (Fig. 19E).

Enneadocysta pectiniformis (Gerlach 1961) Stover et Wil liams 1995
(Fig. 19A–D, H–J, L, M, Fig. 20G)

1961 Baltisphaeridium pectiniforme n. gen.; Gerlach (1961), p. 195–196, pl. 28, fig. 14,
text-fig. 18

1978 Areosphaeridium pectiniforme comb. nov.; Stover & Evitt (1978), p. 20
1984 Areosphaeridium pectiniforme (Gerlach 1961) emend.; Sarjeant (1984), p. 83–84, 86
1995 Enneadocysta pectiniformis comb. nov.; Stover & Wil liams (1995), p. 108
1995 Enneadocysta pectiniformis (Gerlach 1961) emend.; Stover & Wil liams (1995), p. 114

Ma te rial. Rare in sam ples Kns6, Kns8, Kns9, Kns19–22, Kns26, Kns32 and
Kns33; com mon in sam ples Kns5, Kns7, Kns10–13 and Kns18.

De scrip tion. Cyst small, chorate with smooth to finely gran u lar autophragm and
solid, smooth, intratabular pro cesses that dis tally branch into horse-shoe-like
ter mi na tions. Small spines reg u larly spaced at these branches. Paracingular pro -
cesses ab sent.

Ge nus Cleistosphaeridium Davey, Downie, Sarjeant et Wil liams 1966

Type spe cies: Cleistosphaeridium diversispinosum Davey, Downie, Sarjeant et Wil liams 1966

1966 Cleistosphaeridium n. gen.; Downie et al. (1966), p. 166
2001 Cleistosphaeridium Davey, Downie, Sarjeant et Wil liams 1966 emend.; Eaton et al.

(2001), p. 176

Cleistosphaeridium ancyreum (Cookson et Eisenack 1965) Eaton, Fensome,
Rid ing et Wil liams 2001

(Fig. 21D, E, G, H, J, K, Fig. 22A, M, N, P–S, Fig. 23M–O, Fig. 25A–C, F–I, Fig. 26J, K)

1965 Systematophora ancyrea n. sp.; Cookson & Eisenack (1965a), p. 126, pl. 14, figs. 1–3
2001 Cleistosphaeridium ancyreum comb. nov.; Eaton et al. (2001), p. 191
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Fig. 19. Dinoflagellate cysts from the Popiele beds at Koniusza. A–C – Enneadocysta pectiniformis
(same spec i men, var i ous foci; Kns6); D – Enneadocysta pectiniformis (Kns7); E, F – Enneadocysta
arcuata (same spec i men, var i ous foci; Kns12); G – Areosphaeridium michoudii (Kns8); H–J –
Enneadocysta pectiniformis (same spec i men, var i ous foci; Kns8); K – Hystrichosphaeridium salpin-
gophorum (Kns12); L, M – Enneadocysta pectiniformis (same spec i men, var i ous foci; Kns8); N–S –
Hystrichosphaeridium salpingophorum (N: Kns8; O: Kns12; P: Kns5; Q: Kns5; R, S: Kns6, same
spec i men, var i ous foci)



Ma te rial. Rare in sam ples Kns4, Kns22 and Kns29; more fre quent in sam ples
Kns8 and Kns18–20; three spec i mens in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst cen tral body subspherical, with thick, gran u lar wall and nu me-
r ous pro cesses. The lat ter are smooth, rel a tively long and slen der, dis tally sim ply
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branched. Pro cesses are cha ot i cally united prox i mally by low smooth ridges, which 
do not form com plete intratabular prox i mal com plexes (Fig. 25B, H, I). Com monly
two or three ad join ing pro cesses only are united (Fig. 26K).

Cleistosphaeridium placacanthum (Deflandre et Cookson 1955) Eaton,
Fensome, Rid ing et Wil liams 2001

(Fig. 21A–C, F, I, L, Fig. 24A–P, Fig. 25D)

1955 Hystrichosphaeridium placacanthum n. sp.; Deflandre & Cookson 1955, p. 276–277, pl.
9, figs. 1–3

1969 Systematophora placacantha comb. nov.; Davey, Downie, Sarjeant & Wil liams 1969, p.
17

1980 Systematophora placacantha (Deflandre et Cookson 1955) emend.; May 1980, p. 68
2001 Cleistosphaeridium placacanthum comb. nov.; Eaton et al. (2001), p. 190

Ma te rial. Rare to mod er ately com mon in sam ples Kns5–9, Kns11–14, Kns18–20,
Kns22–25, Kns29, Kns31 and Kns33.

De scrip tion. Cyst subspherical, chorate, with solid, long, slen der, dis tally slightly
ex panded pro cesses aris ing from low cir cu lar ridges. Some ridges not fully
de vel oped. Pro cesses of the same length on a spec i men but usu ally long in re la tion
to the main body di am e ter. Periphragm gran u lar and rel a tively thick. Archaeopyle
api cal with typ i cal zig zag mar gin.

Re marks. Cleistosphaeridium placacanthum is very sim i lar to C. ancyreum. Main
dif fer ence is more com plete de vel op ment of prox i mal ridges by C. placacanthum.
But in the ma te rial stud ied some spec i mens at trib uted to this spe cies do not al ways
pos sess all ridges com plete. An other dif fer ence, also not ap pli ca ble for all spec i -
mens, re fers to usu ally lon ger pro cesses by C. placacanthum.

Cleistosphaeridium sp.
(Fig. 22B, Fig. 23Q–U, Fig. 26F)

Ma te rial. Rare to mod er ately com mon in sam ples Kns3, Kns8–10, Kns13, Kns18,
Kns19, Kns22, Kns30, Kns32 and Kns33; very com mon in sam ple Kns4 (up to
20% of the whole dinoflagellate cyst as sem blage).
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Fig. 20. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A–C –
Areosphaeridium diktyoplokum (A, B: sam ple Kns8; C: sam ple Kns5; A: a com plete spec i men with
well vis i ble api cal archaeopyle mar gin, smooth cyst wall and intratabular pro cesses; B, C – de tails of
dis tal pro cess’ terimations in shape of per fo rated plat forms); D, E – Adnatosphaeridium multispi-
nosum (Kns5); F – Operculodinium microtriainum (Kns3); G – Enneadocysta pectiniformis (Kns8; a
spec i men with adnate archaeopyle; intratabular pro cesses ter mi nated with horse-shoe-like denticu-
late ter mi na tions); H, I – Lingulodinium machaerophorum (Kns8; H: spec i men with 5P archaeopyle;
I: de tail of the sur face show ing its gran u lar struc ture); J, K – Dapsilidinium pseudocolligerum (Kns8;
J: de tail of the sur face show ing a cover of thread-like very small pro jec tions, which give an coarse
ap pear ance un der trans mit ted-light mi cro scope; K: com plete spec i men); L – Lingulodinium macha-
erophorum (Kns8; spec i men with 2P archaeopyle)



De scrip tion. Cyst subpherical, chorate, with rel a tively small cen tral body and
nu mer ous non-tab u lar, iso lated, solid and long pro cesses. Pro cesses dis tally bran-
ched. Periphragm smooth or finely gran u lar. Archaeopyle api cal.

68 P. GEDL

Fig. 21. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Cleistosphaeridium placacan-
thum (Kns8); B, C – Cleistosphaeridium placacanthum (same spec i men, var i ous foci; Kns8); D, E, G
– Cleistosphaeridium ancyreum (same spec i men, var i ous foci; Kns8); F, I, L – two spec i mens of
Cleistosphaeridium placacanthum (same spec i mens, var i ous foci; Kns8); H, J, K – Cleistosphae-
ridium ancyreum (same spec i men, var i ous foci; Kns8)
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Fig. 22. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Cleistosphaeridium ancyreum
(Kns8); B – Cleistosphaeridium? sp. (Kns3); C, D – Cleistosphaeridium sp. A (same spec i men,
var i ous foci; Kns12); E, F – Cleistosphaeridium sp. A (same spec i men, var i ous foci; Kns12); G, H –
Cleistosphaeridium sp. A (same spec i men, var i ous foci; Kns8); I, J – Cleistosphaeridium sp. A (same
spec i men, var i ous foci; Kns12); K – Cleistosphaeridium sp. A (same spec i men, var i ous foci; Kns13);
L – Cleistosphaeridium sp. A (same spec i men, var i ous foci; Kns12); M, N – Cleistosphaeridium
ancyreum (same spec i men, var i ous foci; Kns8); O – Cleistosphaeridium sp. A (Kns12); P, Q –
Cleistosphaeridium ancyreum (same spec i men, var i ous foci; Kns8); R, S – Cleistosphaeridium
ancyreum (same spec i men, var i ous foci; Kns8)



Cleistosphaeridium? sp. A
(Fig. 22C–L, O, Fig. 23A–L, P, Fig. 26A, D, E, G–I)

Ma te rial. Rare in sam ples Kns5, Kns6, Kns8, Kns13, Kns18, Kns27 and Kns31;
mod er ately com mon in sam ples Kns12, Kns17, Kns19–22, Kns29 and Kns33;
fre quent in sam ples Kns30 and Kns32.

De scrip tion. Cyst subspherical to len tic u lar, chorate, with gran u lar periphragm
and solid, nontabular pro cesses. Pro cesses iso lated, al though oc ca sion ally a pair of
ad join ing pro cesses united prox i mally, dis tally ex panded or sim ply branched. In
some spec i mens their ar range ment seems to be grouped at pe riph eral ar eas,
whereas midventral and middorsal ar eas are free. Pro cess length con stant on a
spec i men, ranges from 1/3 to 1/2 of the cen tral body di am e ter. Api cal archaeopyle
with zig zag mar gin.

Re marks. Gen eral cyst ar range ment re sem bles the ge nus Cleistosphaeridium, but
len tic u lar shape and typ i cal for Areoligeraceae pro cess dis tri bu tion ob served in
some spec i mens made this tax o nom i cal al lo ca tion ques tion able.

Subfamily CRIBROPERIDINIOIDEAE Fensome et al. (1993)

Ge nus Achilleodinium Eaton 1976

Type spe cies: Achilleodinium biformoides (Eisenack 1954) Eaton 1976

1976 Achilleodinium n. gen.; Eaton (1976), p. 234

Achilleodinium biformoides (Eisenack 1954) Eaton 1976
(Fig. 27L, M)

1954 Hystrichosphaeridium biformoides n. sp.; Eisenack (1954), p. 68, pl. 11, figs. 16–20
1976 Achilleodinium biformoides comb. nov.; Eaton (1976), p. 234

Ma te rial. Rare spec i mens oc cur in sam ples Kns5–7 and Kns30.

De scrip tion. All spec i mens of A. biformoides from the ma te rial stud ied have
typ i cal slightly elon gated cen tral body with very finely gran u late cyst wall and
finely fi brous box-like, precingular and postcingular pro cesses. Slen der para-
cingular pro cesses smooth.

Ge nus Araneosphaera Eaton 1976

Type spe cies: Araneosphaera araneosa Eaton 1976

1976 Araneosphaera n. gen.; Eaton (1976), p. 239–240

Araneosphaera araneosa Eaton 1976
(Fig. 28S)

1976 Araneosphaera araneosa n. sp.; Eaton (1976), p. 240, 242, pl. 2, figs. 5–8; text-figs.
6A–D
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Ma te rial. A sin gle spec i men oc curs in sam ple Kns12.

De scrip tion. This poorly pre served spec i men has el lip soi dal cen tral body and
intratabular fi brous pro cesses dis tally ex panded. Pro cess height not equal – the
lon gest pro cesses are at hypocyst; here, they tend to fuse dis tally.
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Fig. 23. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Cleistosphaeridium sp. A
(same spec i men, var i ous foci; Kns6); C, D – Cleistosphaeridium sp. A (same spec i men, var i ous foci;
Kns6); E, F – Cleistosphaeridium sp. A (same spec i men, var i ous foci; Kns6); G, H – Cleistosphae-
ridium sp. A (same spec i men, var i ous foci; Kns6); I – Cleistosphaeridium sp. A (Kns6); J, K –
Cleistosphaeridium sp. A (same spec i men, var i ous foci; Kns6); L, P – Cleistosphaeridium sp. A
(same spec i men, var i ous foci; Kns5); M – Cleistosphaeridium ancyreum (Kns8); N, O – Cleisto-
sphaeridium ancyreum (same spec i men, var i ous foci; Kns8); Q–S – Cleistosphaeridium? sp. (same
spec i men, var i ous foci; Kns3); T, U – Cleistosphaeridium? sp. (same spec i men, var i ous foci; Kns4)
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Fig. 24. Dinoflagellate cysts from the Popiele beds at Koniusza. A–P – Cleistosphaeridium
placacanthum (A, B: Kns5, same spec i men, var i ous foci; C: Kns5; D–F: Kns5, same spec i men,
var i ous foci; G–I: Kns5, same spec i men, var i ous foci; J, K: Kns5, same spec i men, var i ous foci; L:
Kns6; M, N: Kns12, same spec i men, var i ous foci; O, P: Kns12, same spec i men, var i ous foci)



Ge nus Cordosphaeridium Eisenack 1963

Type spe cies: Cordosphaeridium inodes (Klumpp 1953) Eisenack 1963

1963 Cordosphaeridium n. gen.; Eisenack (1963), p. 261
1968 Cordosphaeridium Eisenack 1963 emend.; Morgenroth (1968), p. 548
1969 Cordosphaeridium Eisenack 1963 emend.; Davey (1969c), p. 35
1981 Cordosphaeridium Eisenack 1963 emend.; Sarjeant (1981), p. 100–101
1991 Cordosphaeridium Eisenack 1963 emend.; He Chengquan (1991), p. 157–158, 213

Cordosphaeridium cantharellus (Brosius 1963) Gocht 1969
(Fig. 28P, Q, Fig. 29A–F)

1963 Hystrichosphaeridium cantharellus n. sp.; Brosius (1963), p. 40–41, pl. 6, fig. 1; text-fig. 
2

1969 Cordosphaeridium cantharellus comb. nov.; Gocht (1969), p. 45

Ma te rial. Rare to mod er ately com mon in ma jor ity sam ples (Kns1, Kns2, Kns5–9,
Kns11, Kns12, Kns14, Kns18, Kns20–22, Kns28, Kns29, Kns31, Kns33); ab sent
from pale-col oured marl.

De scrip tion. Cen tral body subspherical with intratabular, fi brous, dis tally strongly 
ex panded pro cesses. Antapical pro cess oc ca sion ally larger than the oth ers (Fig.
29C). Dis tal ter mi na tions usu ally highly fi brous, felty, al though some spec i mens
show con sid er ably smoother pro cesses (Fig. 28P, Q). Archaeopyle precingular,
operculum free.

Cordosphaeridium fibrospinosum Davey et Wil liams 1966
(Fig. 28R, T, U)

1966 Cordosphaeridium fibrospinosum n. sp.; Davey & Wil liams (1966b), p. 86, pl. 5, fig. 5
1969 Cordosphaeridium fibrospinosum Davey et Wil liams 1966 emend.; Davey (1969c), p. 36

Ma te rial. Sin gle spec i mens in sam ples Kns5, Kns6, Kns17 and Kns25.

De scrip tion. Spec i mens of Cordosphaeridium fibrospinosum from Koniusza pos -
sess wide, highly fi brous, rel a tively short, tubi form intratabular pro cesses. One of
these spec i mens has pro cesses dis tally ex panded (Fig. 28R), whereas the sec ond
one has pro cesses tubi form with ir reg u lar mar gins (Fig. 28T, U). Pro cesses of the
lat ter spec i men show also a high de gree of ir reg u lar per fo ra tions, in creas ing in
dis tal pro cesses’ parts, where they give rise to an ir reg u lar mar gin.

Cordosphaeridium funiculatum Morgenroth 1966
(Fig. 30G, L–N)

1966 Cordosphaeridium funiculatum n. sp.; Morgenroth (1966a), p. 22–23, pl. 6, figs. 2–3
1992 Cordosphaeridium funiculatum Morgenroth 1966 emend.; Brinkhuis (1992), p. 97

Ma te rial. Two spec i mens oc cur in sam ple Kns8, sin gle spec i mens in sam ples
Kns10 and Kns18.

De scrip tion. This spe cies has a very out stand ing net-like struc ture of the cyst wall,
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Fig. 25. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A, B –
Cleistosphaeridium ancyreum (Kns8; A – com plete spec i men; B: de tail show ing periphragm
struc ture and intratabular pro cess com plexes united prox i mally by in com plete ridges); C – iso lated
operculum of Cleistosphaeridium ancyreum (Kns8); D – Cleistosphaeridium placacanthum (Kns8);
E – iso lated operculum of Cleistosphaeridium ancyreum or Cleistosphaeridium placacanthum:
smooth in ner side of endophragm vis i ble (Kns8); F, H, I – Cleistosphaeridium ancyreum (Kns8; F:
com plete spec i men; H, I: de tails show ing gran u lar struc ture of periphragm, and pro cess com plexes
with in com plete prox i mal ridges); G – Cleistosphaeridium ancyreum (Kns8)
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Fig. 26. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A –
Cleistosphaeridium sp. A (Kns5); B, C – Heterosphaeridium sp. A (B: Kns8; C: Kns5); D –
Cleistosphaeridium sp. A (Kns5; spec i men with smooth periphragm and long sim ple pro cesses); E –
Cleistosphaeridium sp. A (Kns5; spec i men with per fo rated periphragm and rel a tively short and
mas sive pro cesses); F – Cleistosphaeridium sp. (Kns8); G–I – Cleistosphaeridium sp. A (spec i mens
with smooth periphragm and long sim ple pro cesses; G, H: Kns4; I: Kns3); J, K – Cleistosphaeridium
ancyreum (Kns8; J: com plete spec i men; K: de tail of periphragm and pro cess com plexes)



iden ti cal to that of Operculodinium divergens (see e.g., Fig. 30H, K, Fig. 31A–C,
G, H). Intratabular, hol low, smooth and rel a tively slen der pro cesses that arise from
this struc ture are slightly ex panded dis tally with an ir reg u lar mar gin split ting into
short spines. Pro cesses smooth to mas sive fi brous. Brinkhuis (1992) emended this
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Fig. 27. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Samlandia chlamydophora
(Kns1); B, C – Samlandia chlamydophora (same spec i men, var i ous foci; Kns1); D – Lingulodinium
machaerophorum (Kns3); E – Lingulodinium machaerophorum (Kns5); F – Lingulodinium macha-
erophorum (Kns8); G, K – Samlandia chlamydophora (same spec i men, var i ous foci; Kns7); H–J –
Samlandia chlamydophora (same spec i men, var i ous foci; Kns5); L – Achilleodinium biformoides
(Kns5); M – Achilleodinium biformoides (Kns6); N, O – Samlandia chlamydophora (same spec i men,
var i ous foci; Kns8)
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Fig. 28. Dinoflagellate cysts from the Popiele beds at Koniusza. A–C – Cordosphaeridium sp. A
(same spec i men, var i ous foci; Kns8); D, E – Cordosphaeridium sp. A (same spec i men, var i ous foci;
Kns8); F – Cordosphaeridium min i mum (Kns3); G – Cordosphaeridium min i mum (Kns5); H –
Cordosphaeridium min i mum (Kns5); I, J – Cordosphaeridium min i mum (same spec i men, var i ous
foci; Kns5); K–M – Cordosphaeridium min i mum (same spec i men, var i ous foci; Kns7); N, O –
Cordosphaeridium min i mum (same spec i men, var i ous foci; Kns8); P, Q – Cordosphaeridium
cantharellus (same spec i men, var i ous foci; Kns6); R – Cordosphaeridium fibrospinosum (Kns6); S –
Araneosphaera araneosa (Kns12); T, U – Cordosphaeridium fibrospinosum (same specimen,
various foci; Kns5)
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spe cies to in clude also spec i mens, which pos ses the same net-like wall struc ture but 
dif fer by shorter, thicker pro cesses de void of dis tal ex pand ing (see be low).

Cordosphaeridium funiculatum Morgenroth 1966 sensu Brinkhuis 1992
(Fig. 31J–L)

1992 Cordosphaeridium funiculatum Morgenroth 1966 emend.; Brinkhuis (1992), p. 97

Ma te rial. Sin gle spec i mens in sam ples Kns6, Kns20 and Kns22.

De scrip tion. Cyst subspherical, with net-like struc ture of the wall bear ing intra-
tabular hol low, rel a tively short, dis tally open tubi form pro cesses. Dis tal pro cesses’
ter mi na tion smooth. Pro cess wall con sists of root-like struc ture.

Dis cus sion. Brinkhuis’ (1992) emen da tion made that this spe cies is in cluded in C.
funiculatum. How ever, in the au thor opin ion, mor pho log i cal dif fer ences be tween
this spe cies and C. funiculatum sensu Morgenroth 1966, al low treat ing them as
sep a rate spe cies.

Cordosphaeridium gracile (Eisenack 1954) Davey et Wil liams 1966
(Fig. 29J–L, Fig. 85J, K, L)

1954 Hystrichosphaeridium inodes subsp. gracile n. subsp.; Eisenack (1954), p. 66, pl. 8 fig.
17; pl. 10, figs. 3–8; pl. 12, figs. 7, 21

1954 Cordosphaeridium gracile comb. nov.; Davey & Wil liams (1966b), p. 84
1954 Cordosphaeridium gracile (Eisenack 1954) emend.; Davey & Wil liams (1966b), p.

84–85

Ma te rial. Sin gle to rare spec i mens oc cur in sam ples Kns1, Kns20, Kns22, Kns24,
Kns27, Kns28 and Kns32; fre quent in sam ples Kns25 and Kns30 (pale-col oured
marl) and in sam ple KnsH2 (the Hi ero glyphic beds).

De scrip tion. This spec i men has spher i cal cen tral body with smooth cyst wall and
rel a tively long, thin, hol low, finely fi brous intratabular pro cesses. Pro cesses sligh-
tly ex panded dis tally, ter mi nat ing with ser rate mar gins, com monly Y-shaped
branched. Archaeopyle precingular.

Cordosphaeridium inodes (Klumpp 1953) Eisenack 1963
(Fig. 32B, S, T, Fig. 85F)

1953 Hystrichosphaeridium inodes n. sp.; Klumpp (1953), p. 391, pl. 18, figs. 1–2
1963 Cordosphaeridium inodes comb. nov.; Eisenack (1963), p. 261
1968 Cordosphaeridium inodes (Klumpp 1953) emend.; Morgenroth (1968), p. 549–550
1981 Cordosphaeridium inodes (Klumpp 1953) emend.; Sarjeant (1981), p. 102–105
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Fig. 29. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Cordosphaeridium cantha-
rellus (Kns7); B, C – Cordosphaeridium cantharellus (same spec i men, var i ous foci; Kns5); D –
Cordosphaeridium cantharellus (Kns2); E, F – Cordosphaeridium cantharellus (same spec i men,
var i ous foci; Kns6); G – Cordosphaeridium? solidospinosum (Kns10); H, I – Cordosphaeridium?
solidospinosum (same spec i men, var i ous foci; Kns1); J–L – Cordosphaeridium gracile (Kns25)



Ma te rial. Sin gle spec i mens oc cur in sam ples Kns4–6, Kns25, Kns27 and Kns28; a
sin gle spec i men was found in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst small to in ter me di ate, subspherical, chorate, with finely gra-
n u lar wall and fi brous, tubi form intratabular pro cesses, slightly ex panded dis tally.
Dis tal mar gins denticulate. Length of pro cesses does not ex ceed ½ of the cen tral
body di am e ter. Archaeopyle precingular.

Cordosphaeridium min i mum (Morgenroth 1966) Benedek 1972
(Fig. 28F–O)

1966 Cordosphaeridium inodes subsp. min i mum n. subsp.; Morgenroth (1966a), p. 24, pl. 5,
figs. 6–7

1972 Cordosphaeridium min i mum comb. nov.; Benedek (1972), p. 25–26

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns3–5, Kns7, Kns17, Kns22,
Kns26 and Kns33; rare in sam ples Kns19 and Kns20.

De scrip tion. Cyst very small, spher i cal, with smooth to gran u lar wall. Pro cesses
rel a tively long, up to the di am e ter of the cen tral body, tubi form, cov ered by
lon gi tu di nal ribs. Pro cesses dis tally strongly ex panded, in some cases into plat -
form-like struc ture (e.g., Fig. 28K–M). Well de vel oped archaeopyle was not
ob served.

Cordosphaeridium? solidospinosum Gedl 1995
(Fig. 29G–I)

1995 Cordosphaeridium? solidospinosum n. sp.; Gedl (1995b), p. 197, pl. 4, fig. 2; pl. 5, figs.
7–8

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns1, Kns2, Kns10, Kns19 and
Kns22; mod er ately com mon in sam ple Kns18.

De scrip tion. This spe cies has subspherical cen tral body with smooth cyst wall.
Intratabular pro cesses solid, smooth, of equal height, dis tally sim ply branched into
short spines, which oc ca sion ally show fur ther bi fur ca tions. Archaeopyle precin-
gular.

Cordosphaeridium sp. A
(Fig. 28A–E)

Ma te rial. Two spec i mens oc cur in sam ple Kns8.

De scrip tion. Cyst small, spher i cal, with cen tral body cov ered with fine net-like
struc ture sim i lar to that on Operculodinium divergens (this struc ture by this lat ter
spe cies is more ro bust). Intratabular pro cesses short, mas sive (their height slightly
ex ceeds width) with clearly in di cated lon gi tu di nal ribs. Pro cesses dis tally ex pan-
ded and ter mi nated with smooth mar gin. Archaeopyle precingular.
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Fig. 30. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Operculodinium divergens
(same spec i men, var i ous foci; Kns5); C, D – Operculodinium divergens (same spec i men, var i ous
foci; Kns7); E, F – Operculodinium divergens (same spec i men, var i ous foci; Kns13); G – Cordo-
sphaeridium funiculatum (iso lated opercular paraplate with intratratabular pro cess; Kns8); H, K –
Operculodinium divergens (same spec i men, var i ous foci; Kns5); I, J – Operculodinium micro-
triainum (same spec i men, var i ous foci; Kns2); L, M – Cordosphaeridium funiculatum (same
spec i men, var i ous foci; Kns8); N – Cordosphaeridium funiculatum (Kns8)
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Fig. 31. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Operculodinium divergens
(same spec i men, var i ous foci; Kns6); C – Operculodinium divergens (Kns7); D, E – Operculodinium
ti ara (same spec i men, var i ous foci; Kns5); F, I – Operculodinium divergens (same spec i men, var i ous
foci; Kns5); G, H – Operculodinium divergens (same spec i men, var i ous foci; Kns5); J–L –
Cordosphaeridium funiculatum sensu Brinkhuis 1992 (same spec i men, var i ous foci; Kns6)
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Fig. 32. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Heslertonia? sp. (Kns8); B –
Cordosphaeridium inodes (Kns4); C–E – Hystrichokolpoma rigaudiae (same spec i men, var i ous foci; 
Kns6); F – Reticulatosphaera actinocoronata (Kns8); G, H – Reticulatosphaera actinocoronata
(same spec i men, var i ous foci; Kns8); I, J – Reticulatosphaera actinocoronata (same spec i men,
var i ous foci; Kns12); K–M – Hystrichokolpoma salacia (same spec i men, var i ous foci; Kns8); N, O –
Heslertonia? sp. (same spec i men, var i ous foci; Kns5); P – Pentadinium laticinctum (Kns13); Q, R –
Corrudinium? sp. A sensu Gedl 2005 (same spec i men, var i ous foci; Kns4); S – Cordosphaeridium
inodes (Kns5); T – Cordosphaeridium inodes (Kns8); U – Pentadinium laticinctum (Kns8); V–X –
Pentadinium laticinctum (same spec i men, var i ous foci; Kns5)



Ge nus Cribroperidinium Neale et Sarjeant 1962

Type spe cies: Cribroperidinium sepimentum Neale et Sarjeant 1962

1962 Cribroperidinium n. gen.; (Neale & Sarjeant 1962), p. 443
1969 Cribroperidinium Neale et Sarjeant 1962 emend.; Davey (1969a), p. 125
1982 Cribroperidinium Neale et Sarjeant 1962 emend.; Sarjeant (1982), p. 40
1984 Cribroperidinium Neale et Sarjeant 1962 emend.; Helenes (1984), p. 112

Cribroperidinium giuseppei (Morgenroth 1966) Helenes 1984
(Fig. 33A–P)

1966 Gonyaulax giuseppei sp. nov.; Morgenroth (1966a), p.5, pl.2, figs.3–6
1984 Cribroperidinium giuseppei comb. nov.; Helenes (1984), p. 121

Ma te rial. Rare (sam ples Kns1, Kns8, Kns11, Kns13, Kns14, Kns20–22, Kns27,
Kns28, Kns31 and Kns33) to mod er ately com mon (sam ples Kns5–7 and Kns12);
ab sent from pale-col oured marl.

De scrip tion. Cyst prox i mal, ovoidal, with epicyst and hypocyst of ap prox i mately
the same size (the for mer may be slightly nar rower). Short api cal horn pres ent.
Periphragm smooth. Paratabulation in di cated by low and del i cate parasutural
ridges. Ad di tional par al lel ridges com monly pres ent. Ar eas be tween ridges cov e-
red with ra dial ridges, whereas the cen tral ar eas of the paraplates cov ered with
ir reg u lar net work of sim i lar del i cate ridges (e.g., S11L). Archaeopyle precingular,
iso lated opercular paraplates also oc cur (Fig. 33D).

Ge nus Diphyes Cookson 1965

Type spe cies: Diphyes colligerum (Deflandre et Cookson 1955) Cookson 1965

1965 Diphyes n. gen.; Cookson (1965), p. 85
1966 Diphyes Cookson 1965 emend.; Davey & Wil liams (1966b), p. 95–96
1985 Diphyes Cookson 1965 emend.; Good man & Witmer (1985), p. 76

Diphyes colligerum (Deflandre et Cookson 1955) Cookson 1965
(Fig. 34N–Q)

1955 Hystrichosphaeridium colligerum n. sp.; Deflandre & Cookson (1955), p. 278–279, pl. 7, 
fig. 3

1965 Diphyes colligerum comb. nov.; Cookson (1965), p. 86–87
1965 Diphyes colligerum (Deflandre et Cookson 1955) emend.; Cookson (1965a), p. 86
1985 Diphyes colligerum (Deflandre et Cookson 1955) emend.; Good man & Witmer (1985),

p. 77–78

Ma te rial. Rare spec i mens oc cur in sam ples Kns5, Kns6 and Kns12.

De scrip tion. Cyst small, spher i cal, with densely gran u lar wall cov ered with
nu mer ous nontabular pro cesses. Pro cesses smooth, hol low, broad at the base,
get ting nar row up wards, dis tally slightly ex panded and open. One out stand ing
antapical pro cess much larger, smooth, broad, hol low, dis tally open. Archaeopyle
api cal.
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Ge nus Hystrichokolpoma Klumpp 1953

Type spe cies: Hystrichokolpoma cinctum Klumpp 1953

1953 Hystrichokolpoma n. gen.; Klumpp (1953), 388
1966 Hystrichokolpoma Klumpp 1953 emend.; Wil liams & Downie (1966a), p. 176
1995 Hystrichokolpoma Klumpp 1953 emend.; Zevenboom & Santarelli in Zevenboom

(1995), p. 136
2004 Hystrichokolpoma Klumpp 1953 emend.; Foucher in Fauconnier & Masure (2004), p. 281
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Fig. 33. Dinoflagellate cysts from the Popiele beds at Koniusza. A–P – Cribroperidinium giuseppei
(A–C: same spec i men, var i ous foci, Kns5; D: iso lated opercular paraplate, Kns12; E, F: same
spec i men, var i ous foci, Kns5; G, H: same spec i men, var i ous foci, Kns5; I, J: same spec i men, var i ous
foci, Kns5; K, L: same spec i men, var i ous foci, Kns12; M, N: same spec i men, var i ous foci, Kns7; O:
Kns1; P: Kns12)
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Fig. 34. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Melitasphaeridium pseudo-
recurvatum (same spec i men, var i ous foci; Kns4); C–E – Melitasphaeridium pseudorecurvatum (same
spec i men, var i ous foci; Kns5); F – Melitasphaeridium pseudorecurvatum (Kns8); G – Melitasphaeri-
dium pseudorecurvatum (Kns8); H – Melitasphaeridium pseudorecurvatum (Kns8); I – Melitasphaeri-
dium pseudorecurvatum (Kns8); J, K – Melitasphaeridium pseudorecurvatum (same spec i men, var i ous 
foci; Kns10); L, M – Melitasphaeridium asterium (same spec i men, var i ous foci; Kns6); N – Diphyes co- 
lligerum (Kns6); O, P – Diphyes colligerum (same spec i men, var i ous foci; Kns6); Q – Diphyes collige-
rum (Kns5); R – Melitasphaeridium pseudorecurvatum (Kns6); S, T – Dapsilidinium pseudo- collige-
rum (same spec i men, var i ous foci; Kns12); U – Dapsilidinium pseudo- colligerum (Kns12); V – Da-
psilidinium pseudocolligerum (Kns12); W – Dapsilidinium pseudocolligerum (Kns6); X – Dapsili-
dinium pseudocolligerum (Kns13); Y – Dapsilidinium pseudocolligerum (Kns13); Z – Dapsilidinium
pseudocolligerum (Kns8)



Hystrichokolpoma cinctum Klumpp 1953
(Fig. 35M, N)

1953 Hystrichokolpoma cinctum n. sp.; Klumpp (1953), p. 389, pl. 17, figs. 3–4, 5a–d

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns10, Kns18 and Kns20.

De scrip tion. Cen tral body subspherical, with thick and smooth cyst wall. Two
types of pro cesses, as typ i cal for the ge nus: large, dome-like intratabular pro cesses
of the precingular and postcingular se ries are thin-walled and finely gran u lar,
dis tally nar rowed, open; their broad bases al most out line the shape of whole
paraplates. Paracingular and parasulcal pro cesses thin, small and faint, dis tally
open. Antapical pro cess broad at the base, tu bu lar, dis tally nar rowed and open
(much lon ger than the other pro cesses).

Hystrichokolpoma rigaudiae Deflandre et Cookson 1955
(Fig. 36A–P, Fig. 35A–C, O–Q, Fig. 32C–E)

1955 Hystrichokolpoma rigaudiae n. sp.; Deflandre & Cookson (1955), p. 279–281, pl. 6, figs. 
6, 10; text-fig. 42

Ma te rial. Rare to mod er ately com mon in most of sam ples from dark mudstone
(sam ples Kns1, Kns2, Kns5–7, Kns9, Kns11, Kns13, Kns14, Kns17–22 and
Kns31), fre quent in sam ple Kns32; ab sent from pale-col oured marl, ex cept of
sam ple Kns8.

De scrip tion. Cen tral body subspherical to slightly elon gated, smooth. It bears two
types of pro cesses: the large ones, typ i cal for paracingular and postcingular se ries,
wide, tubi form, smooth, each dis tally ter mi nated with a few small tube-like
pro cesses. Nar row pro cesses hol low, smooth, usu ally dis tally closed, but also open
are pres ent. Prom i nent antapical pro cess tubi form, dis tally be comes nar rowed.

This spe cies shows a con sid er able vari a tion in pro cess length, re gard ing their
length and width. There is a spec i men with very short, al most box-like cy lin dri cal
pro cesses ter mi nated with short tubes (sam ple Kns6; Fig. 36K, L, P). Two spec i -
mens found in sam ples Kns6 (Fig. 35E–H) and Kns7 (Fig. 35A–C) have very long,
slen der tubi form pro cesses. An other morphotype in cluded in H. rigaudiae has very 
thin pro cesses (Kns8; Fig. 35O–Q).

Hystrichokolpoma cf. rigaudiae Deflandre et Cookson 1955
(Fig. 35R–U)

Ma te rial. A few spec i mens oc cur in pale-col oured marl only (sam ples Kns23 and
Kns25).

De scrip tion. This spe cies is sim i lar to H. rigaudiae in gen eral shape of the cyst and
pro cess ar range ment, but it dif fers by the shape of paracingular and postcingular
pro cesses, which pos ses very long tubes that arise from their lower parts.
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Fig. 35. Dinoflagellate cysts from the Popiele beds at Koniusza. A–C – Hystrichokolpoma rigau-
diae (same spec i men with long, slen der pro cesses, var i ous foci; Kns7); D – Hystrichokolpoma salacia
(Kns5); E–H – Hystrichokolpoma rigaudiae (same spec i men with long, slen der pro cesses, var i ous
foci; Kns6); I–L – Hystrichokolpoma salacia (same spec i men, var i ous foci; Kns8); M, N – Hystri-
chokolpoma cinctum (same spec i men, var i ous foci; Kns10); O–Q – Hystrichokolpoma rigaudiae
(same spec i men with long and thin pro cesses, var i ous foci; Kns8); R–T – Hystrichokolpoma cf.
rigaudiae (same spec i men, var i ous foci; Kns25); U – Hystrichokolpoma cf. rigaudiae (Kns25)



Hystrichokolpoma salacia Eaton 1976
(Fig. 35D, I–L, Fig. 32K–M)

1976 Hystrichokolpoma salacia n. sp.; Eaton (1976), p. 271–272, pl. 11, figs. 1–3; text-figs.
16A–B

Ma te rial. Rare spec i mens oc cur in sam ples Kns5, Kns6, Kns8, Kns12, Kns20–22
and Kns32.

De scrip tion. Cen tral body subspherical, with thin and smooth cyst wall. Intra-
tabular precingular and postcingular pro cesses cy lin dri cal, dis tally closed. How -
ever, their mor phol ogy may dif fer. They may be rel a tively short, box-like, smooth
(sam ple Kns5; Fig. 35D), or finely stri ated (sam ple Kns8; Fig. 35I–L). An other
spec i men from sam ple Kns8 has much thin ner and lon ger cy lin dri cal pro cesses
(Fig. 32K-M). Re main ing paracingular pro cesses short, nar row, dis tally closed.
Antapical pro cess large, in flate, dis tally closed. Its height, in con trast to other
spe cies of Hystrichokolpoma, equals that of other pre- and postcingular pro cesses
(Fig. 35J) or only slightly ex ceeds it (Fig. 32L). 

Ge nus Lingulodinium Wall 1967

Type spe cies: Lingulodinium machaerophorum (Deflandre et Cookson 1955) Wall 1967

1967 Lingulodinium n. gen.; Wall (1967), p. 109 
1973 Lingulodinium Wall 1967 emend.; Wall & Dale in Wall, Dale & Harada (1973), p. 23-24
1989 Lingulodinium Wall 1967 emend.; Dodge (1989), p. 291 

Lingulodinium machaerophorum (Deflandre et Cookson 1955) Wall 1967
(Fig. 20H, I, L, Fig. 27D-F)

1955 Hystrichosphaeridium machaerophorum n. sp.; Deflandre & Cookson (1955), p. 274, pl.
9, figs. 4-9 

1967 Lingulodinium machaerophorum comb. nov.; Wall (1967), p. 109 

Ma te rial. Sin gle to rare spec i mens in sam ples Kns2, Kns3, Kns5, Kns7, Kns8,
Kns11-13, Kns18, Kns19, Kns23-25, Kns27-30, Kns32 and Kns33; mod er ately
fre quent in sam ple Kns20.

De scrip tion. Cyst spher i cal, chorate, with gran u lar wall (Fig. 20I) cov ered by
nu mer ous, nontabular, hol low, dis tally closed blade-shaped pro cesses. Num ber of
pro cesses and their  length vari able: some spec i mens pos ses lon ger and less
fre quent pro cesses (Fig. 27E, F), whereas the oth ers, less fre quent, cov ered with
shorter but more nu mer ous pro cesses (Fig. 27D). Pro cesses cov ered with tiny
granulae, which in some spec i mens be come larger and more fre quent, es pe cially in
dis tal parts of pro cesses (Fig. 27F).

Ge nus Operculodinium Wall 1967

Type spe cies: Operculodinium centrocarpum (Deflandre et Cookson 1955) Wall 1967

1967 Operculodinium n. gen.; Wall (1967), p. 110–111
1997 Operculodinium Wall 1967 emend.; Matsuoka, McMinn & Wrenn (1997), p. 22
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Operculodinium centrocarpum (Deflandre et Cookson 1955) Wall 1967
(Fig. 37A–R, Fig. 38A–F, H, I, Fig. 84K)

1955 Hystrichosphaeridium centrocarpum n. sp.; Deflandre & Cookson (1955), p. 272–273,
pl. 8, figs. 3–4

1967 Operculodinium centrocarpum comb. nov.; Wall (1967), p. 111

Ma te rial. Very com mon spe cies at Koniusza; it oc curs in most of sam ples, be ing
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Fig. 36. Dinoflagellate cysts from the Popiele beds at Koniusza. A–P – Hystrichokolpoma rigau-
diae (A–C: same spec i men, var i ous foci; Kns12; D, H: same spec i men, var i ous foci; Kns5; E–G: same 
spec i men, var i ous foci; Kns12; I, J: same spec i men, var i ous foci; Kns12; K, L, P: spec i men with short
pro cesses, same spec i men, var i ous foci; Kns6; M–O: same spec i men, var i ous foci; Kns6)



fre quently a dom i nat ing spe cies. Ab sent from most of sam ples rep re sent ing
pale-col oured marl (Kns3, Kns23–25). Fre quent in the Hi ero glyphic beds (sam ple
KnsH2).
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Fig. 37. Dinoflagellate cysts from the Popiele beds at Koniusza. A–R – Operculodinium centro-
carpum (A–D: Kns8; E: Kns5; F: two spec i mens, Kns4; G: Kns12; H, I: same spec i men, var i ous foci,
Kns4; J: Kns4; K: Kns8; L: Kns4; M, N : Kns6; O–R: Kns8)
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Fig. 38. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A–F, H,
I – Operculodinium centrocarpum (A, B: Kns8 – spec i men with long and rel a tively mas sive pro cesses 
aris ing from net-like wall struc ture, A: com plete spec i men, B: de tail of the wall and pro cess struc ture;
C, D: Kns8 – spec i men with thin pro cesses, C: com plete spec i men, D: de tail show ing the cyst sur face
and pro cesses; E, F: Kns8 – E: com plete spec i men, F: de tail show ing the struc ture of the cyst sur face
and pro cesses; H: Kns8 – spec i men with smooth and non-per fo rated sur face; I: Kns5); G –
Operculodinium microtriainum (Kns5)



De scrip tion. Cyst subspherical, with wall con sist ing of very dense net-like struc -
ture, which gives rise to nu mer ous solid, nontabular, dis tally capitate pro cesses
(Fig. 38B, D, F). Pro cess bases arise from this wall struc ture in a form of root-like
con struc tion, which passes into ho mog e nous solid pro cess stems. Pro cess length
con stant at each spec i men; it rarely ex ceeds 1/3 of the main body di am e ter.
Archaeopyle precingular.

Operculodinium divergens (Eisenack 1954) Stover et Evitt 1978
(Fig. 30A–F, H, K, Fig. 31A–C, F–I)

1954 Hystrichosphaeridium divergens n. sp.; Eisenack (1954), p. 67, pl. 9, figs. 13–16
1978 Operculodinium divergens comb. nov.; Stover & Evitt (1978), p. 178

Ma te rial. This spe cies oc curs as rare to mod er ately com mon in al most all sam ples
rep re sent ing dark-col oured mudstone (ex cept of Kns17 and Kns18); it is ab sent
from most of pale-col oured marl sam ples (ex cept of Kns8 and Kns10).

De scrip tion. Cyst rel a tively large, chorate, with thick wall com posed of net-like
struc ture con sist ing of solid ribs densely cross ing ir reg u larly with each other.
Nontabular pro cesses smooth, hol low, fre quently united prox i mally, dis tally split
into two or more branches. Pro cesses dis tally closed or open, the lat ter com monly
slightly ex panded.

Cyst wall net-like struc ture of Operculodinium divergens is iden ti cal to that of
Cordosphaeridium funiculatum. The lat ter spe cies dif fers by intratabular pro -
cesses, which gen er ally are of the same size at par tic u lar spec i men.

Operculodinium microtriainum (Klumpp 1953) Is lam 1983
(Fig. 20F, 24I, J, Fig. 38G, Fig. 39J–O, Fig. 40A, B)

1953 Hystrichosphaeridium microtriainum n. sp.; Klumpp (1953), p. 390, pl. 17, figs. 6–7
1983 Operculodinium microtriainum comb. nov.; Is lam (1983a), p. 241

Ma te rial. Mod er ately to very fre quent in sam ples rep re sent ing dark-col oured mud-
stone (ex cept of sam ple Kns14); ab sent or very rare (Kns3 and Kns4) in sam ples re-
p re sent ing pale-col oured marl. Two spec i mens oc cur in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst in ter me di ate to large, spher i cal to subspherical, chorate, with
wall com posed of dense net-like struc ture, which gives rise to nu mer ous nonta-
bular, solid, smooth, long pro cesses that dis tally ter mi nate with tiny hook-like
branches. Base of pro cesses con sists of root-like struc ture, which di rectly arises
from the wall. Archaeopyle precingular.

Wall and pro cess struc ture of Operculodinium microtriainum is sim i lar to that of
Operculodinium centrocarpum. The lat ter is much smaller, its pro cesses are capitate.

Operculodinium ti ara (Klumpp 1953) Stover et Evitt 1978
(Fig. 31D, E, Fig. 39F–I)

1953 Hystrichosphaeridium ti ara n. sp.; Klumpp (1953), p. 390–391, pl. 17, figs. 8–10
1978 Operculodinium ti ara comb. nov.; Stover & Evitt (1978), p. 179
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Ma te rial. Sin gle or very rare spec i mens oc cur in sam ples Kns1, Kns5, Kns17,
Kns22, Kns28, Kns33; more fre quent in sam ple Kns6.

De scrip tion. Cyst spher i cal, chorate, with nontabular, nu mer ous, rel a tively short
and mas sive pro cesses, dis tally branched into tiny tips. Cyst wall felty, rel a tively
thick. Archaeopyle precingular.

Operculodinium sp. A
(Fig. 39A–E)

2005 Operculodinium aff. centrocarpum; Gedl (2005), p. 35–36, pl. 3, fig. 23

Ma te rial. Rare spec i mens oc cur in sam ples Kns3, Kns6, Kns11, Kns17, Kns20 and 
Kns21.

De scrip tion. Cyst small, spher i cal, chorate, with wall com posed of dense net-like
struc ture, and short, straight pro cesses, acuminate or ter mi nated with tiny bran-
ch ing. Cyst di am e ter does not ex ceed 30 µm. Archaeopyle precingular.

 Ge nus Samlandia Eisenack 1954

Type spe cies: Samlandia chlamydophora Eisenack 1954

1954 Samlandia n. gen.; Eisenack (1954), p. 76

Samlandia chlamydophora Eisenack 1954
(Fig. 27A–C, G–K, N, O)

1954 Samlandia chlamydophora n. sp.; Eisenack (1954), p. 76, pl. 11, figs. 12–15

Ma te rial. Rare in most of sam ples (Kns4–8, Kns11–13, Kns17, Kns19–22, Kns28, 
Kns32), mod er ately com mon in sam ples Kns1, Kns2 and Kns18; ab sent from
sam ples Kns3, Kns9, Kns10, Kns14, Kns23–27, Kns29–31 and Kns33.

De scrip tion. Cyst subspherical to el lip soi dal, with wall thick and smooth. Some
spec i mens have in dis tinct api cal pro tru sion (Fig. 27G–K). Cyst wall cov ered by
thin membranaceous pro cesses of vari able shape and mor phol ogy. These are both
iso lated pro cesses com monly united prox i mally by low ridges (Fig. 27K, N, O) and
pro cesses united in shape of anastomosing com plexes (ridges); pro cesses dis tally
united form ing ir reg u lar ectophragmal net work. The lat ter forms api cal “horn” in
case of spec i mens with api cal pro tru sion (Fig. 27G–K). Archaeopyle precingular.

Ge nus Thalassiphora Eisenack et Gocht 1960

Type spe cies: Thalassiphora pelagica (Eisenack 1954) Eisenack et Gocht 1960

1960 Thalassiphora n. gen.; Eisenack & Gocht (1960), p. 513
1968 Thalassiphora Eisenack et Gocht 1960 emend.; Gocht (1968), p. 153
1981 Thalassiphora Eisenack et Gocht 1960 emend.; Benedek & Gocht (1981), p. 59
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Fig. 39. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Operculodinium sp. A (Kns3);
B – Operculodinium sp. A (Kns3); C, D – Operculodinium sp. A (same spec i men, var i ous foci; Kns6); 
E – Operculodinium sp. A (Kns11); F, I – Operculodinium ti ara (same spec i men, var i ous foci; Kns5); 
G, H – Operculodinium ti ara (same spec i men, var i ous foci; Kns6); J–L – Operculodinium micro-
triainum (same spec i men, var i ous foci; Kns1); M–O – Operculodinium microtriainum (same
spec i men, var i ous foci; Kns7)
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Fig. 40. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Operculodinium microtriai-
num (Kns1); B – Operculodinium microtriainum (Kns2); C – Fibrocysta axialis (Kns6); D, E –
Fibrocysta sp. A (same spec i men, var i ous foci; Kns2); F – Fibrocysta axialis (Kns3); G, H –
Fibrocysta radiata (same spec i men, var i ous foci; Kns3); I, J – Fibrocysta axialis (same spec i men,
var i ous foci; Kns2); K – Fibrocysta axialis (Kns8)



Thalassiphora delicata Wil liams et Downie 1966
(Fig. 41F, Fig. 42A, E)

1966 Thalassiphora delicata n. sp.; Wil liams & Downie (1966c), p. 235, pl. 26, fig. 8
1976 Thalassiphora delicata Wil liams et Downie 1966 emend.; Eaton (1976), p. 287

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns6, Kns7 and Kns11; mod er ately
com mon in sam ples Kns8 and Kns10.
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Fig. 41. Dinoflagellate cysts from the Popiele beds at Koniusza. A–E – Thalassiphora pelagica (A,
B: same spec i men, var i ous foci; Kns6; C, D: same spec i men, var i ous foci; Kns10; E: Kns12); F –
Thalassiphora delicata (Kns8)



De scrip tion. Cyst camocavate, with endocyst spher i cal, rel a tively large in com pa-
r i son to pericyst. Endophragm smooth, ho mog e nous, de void of fenes tra tions and
parasutural fea tures ex cept of precingular archaeopyle. Periphragm thin and
al though seem ingly smooth, it has finely spongy struc ture.
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Fig. 42. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bar at B re fers to all other
pho to graphs). A – Thalassiphora delicata (Kns6); B – Thalassiphora pelagica (Kns7); C – Thalassi-
phora pelagica (Kns7); D – Thalassiphora pelagica (Kns7); E – Thalassiphora delicata (Kns11); F –
Thalassiphora reticulata (Kns13)
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Fig. 43. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Thalassiphora patula (Kns8);
B, C – Thalassiphora patula (same spec i men, var i ous foci; Kns12); D, E – Thalassiphora patula
(same spec i men, var i ous foci; Kns12); F – Thalassiphora patula (Kns8); G – Thalassiphora pelagica
(Kns5); H – Thalassiphora pelagica (Kns6); I – Thalassiphora pelagica (Kns3); J – Thalassiphora
pelagica (Kns4); K – Thalassiphora pelagica (Kns4)



?Thalassiphora dynamica (Morgenroth 1966) Stover et Evitt 1978
(Fig. 55J)

1966 Erikania dynamica n. sp.; Morgenroth (1966a), p. 27–28, pl. 6, figs 7–8
1978 Thalassiphora dynamica comb. nov.; Stover & Evitt (1978), p. 195

Ma te rial. A sin gle spec i men in sam ple Kns5.

De scrip tion. Cen tral body spher i cal, with smooth wall; shape of archaeopyle not
cer tain due to cyst com pres sion. Cen tral body sur rounded by thin, smooth mem -
brane with large open ing, which re mains in con tact with cen tral body by nar row
por tions of the outer mem brane.

Dis cus sion. This spec i men has been ques tion ably as signed to this spe cies de s-
cribed by Morgenroth (1966a) from Lower Eocene. It is partly com pressed and
folded, and com plete ar range ment of the cyst, par tic u larly re la tions be tween in ner
boody and outer mem brane, can not be univocally es ti mated.

Thalassiphora patula (Wil liams et Downie 1966) Stover et Evitt 1978
(Fig. 27A–F, Fig. 85I)

1966 Thalassiphora patula n. sp.; Wil liams & Downie (1966c), p.235, pl.26, fig.8
1978 Thalassiphora patula (Wil liams et Downie 1966) emend.; Stover & Evitt (1978), p.287

Ma te rial. Rare spec i mens oc cur in sam ples Kns7, Kns8, Kns10, Kns12, Kns13,
Kns21, Kns22, Kns25 and Kns26; a sin gle spec i men oc cur in sam ple KnsH2 (the
Hi ero glyphic beds).

De scrip tion. Cyst camocavate, with endocyst subspherical, with smooth, thin and
nonperforated endophragm. Pericyst of ir reg u lar shapes con sist ing of highly
in com plete, com monly fenestrate periphragm, which seems to be con nected to
endocyst by thick ened por tions in shape of mas sive “pro cesses”.

Thalassiphora pelagica (Eisenack 1954) Eisenack et Gocht 1960
(Fig. 43G–K, Fig. 41A–E, Fig. 42B–D, Fig. 85D)

1954 Pterospermopsis pelagica n. sp.; Eisenack (1954), p. 71, pl. 12, figs. 17–18
1960 Thalassiphora pelagica comb. nov.; Eisenack & Gocht (1960), p. 513–514
1981 Thalassiphora pelagica (Eisenack 1954) emend.; Benedek & Gocht (1981), p. 59–61

Ma te rial. Mod er ately com mon to com mon in all sam ples ex cept of Kns8, Kns11,
Kns24, Kns27 and Kns30 where this spe cies is miss ing; mod er ately com mon in
sam ple KnsH2 (the Hi ero glyphic beds).

De scrip tion. Cyst camocavate, with subspherical endocyst, with thin and smooth
to finely gran u lar endophragm, which re mains in con tact with pericyst dor sally.
Periphragm mas sive, densely ir reg u larly fenestrate, which makes a spongy struc ture.

 Thalasiphora reticulata Morgenroth 1966
(Fig. 42F)

1966 Thalasiphora reticulata n. sp.; Morgenroth (1966b), p. 6–7, pl.2, figs. 1–2
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Ma te rial. A sin gle spec i men was found in sam ple Kns13.

De scrip tion. Cyst camocavate, with endocyst subspherical, com posed of thin,
smooth, ho mog e nous endophragm. Periphragm per fo rated by reg u lar net of oval,
el lip soi dal to po lyg o nal open ings.

Subfamily GONYAULACOIDEAE (Auto nym)

Ge nus Achomosphaera Evitt 1963

Type spe cies: Achomosphaera ramulifera (Deflandre 1937) Evitt 1963

1963 Achomosphaera n. gen.; Evitt (1963), p. 163

Achomosphaera alcicornu (Eisenack 1954) Davey et Wil liams 1966
(Fig. 44N, Fig. 85E)

1954 Hystrichosphaeridium alcicornu n. sp.; Eisenack (1954), p. 65, pl. 10, figs. 1–2
1966 Achomosphaera alcicornu comb. nov.; Davey & Wil liams (1966a), p. 50

Ma te rial. This spe cies oc curs al most ex clu sively in pale-col oured marl: its sin gle
spec i mens were found in sam ples Kns3, Kns24, more fre quent in sam ple Kns30; a
sin gle spec i men oc curs in dark-col oured mudstone (Kns32); a sin gle spec i men also 
was found in sam ple KnsH2 (the Hi ero glyphic beds).

De scrip tion. Cyst chorate, subspherical, large, with thick and smooth wall. Pro -
cesses gonal, mas sive, long, smooth, and dis tally trifurcate. No parasutural ridges
or septa. Archaeopyle precingular.

Achomosphaera crassipellis (Deflandre et Cookson 1955) Stover et Evitt 1978
(Fig. 44P, Fig. 85B)

1955 Hystrichosphaera crassipellis n. sp.; Deflandre & Cookson (1955), p. 265, pl. 6, figs.
2–3; text-fig. 20

1978 Achomosphaera crassipellis comb. nov.; Stover & Evitt (1978), p. 138

Ma te rial. Sin gle spec i men in sam ples Kns6 and Kns21; an other spec i men was
found in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst subspherical, with densely re tic u late, rather thin wall. Tiny
lumena of the same size, densely dis trib uted make a per fo rate ap pear ance of the
wall. Gonal pro cesses show the same type of re tic u la tion. No parasutural ridges at
pro cess bases. Archaeopyle precingular.

Dis cus sion. This spe cies has rel a tively thin cyst wall. Deflandre & Cookson (1955) 
de scribed A. crassipellis as hav ing a very thick re tic u late mem brane.

Achomosphaera ramulifera (Deflandre 1937) Evitt 1963
(Fig. 44I–M)

1937 Hystrichosphaeridium ramuliferum n. sp.; Deflandre (1937), p. 74, pl. 14, figs. 5–6; pl.
17, fig. 10
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Fig. 44. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Hystrichostrogylon membrani- 
phorum (Kns5); B – Hystrichostrogylon membraniphorum (Kns5); C – Hystrichostrogylon membra-
niphorum (Kns11); D – Hystrichostrogylon coninckii (Kns12); E – Rotnestia borussica (Kns4); F, G
– Spiniferites ramosus – spec i men with rel a tively large endocyst, in dis tinct parasutural ridges and
short and slen der gonal pro cesses (same spec i men, var i ous foci; Kns8); H – Rotnestia borussica
(Kns5); I – Achomosphaera ramulifera (Kns2); J – Achomosphaera ramulifera (Kns8); K, L –
Achomosphaera ramulifera (same spec i men, var i ous foci; Kns13); M – Achomosphaera ramulifera
(Kns12); N – Achomosphaera alcicornu (Kns3); O – Achomosphaera sp. sensu Brinkhuis (1992;
Kns7); P – Achomosphaera crassipellis (Kns6)



1963 Achomosphaera ramulifera comb. nov.; Evitt (1963), p. 163

Ma te rial. This spe cies is rare (Kns2, Kns6, Kns21, Kns29, Kns30 and Kns33) to
mod er ately com mon (sam ples Kns8, Kns12, Kns13, Kns17–20, Kns22 and Kns32);
mod er ately com mon in sam ple KnsH2 (the Hi ero glyphic beds).

De scrip tion. Cyst spher i cal to slightly subspherical, with smooth to shagreenate
periphragm. Pro cesses gonal and intergonal, neigh bour ing pro cesses fre quently
aris ing from com mon ridges. How ever, gen er ally nei ther ridges nor septa are
pres ent. Pro cesses gen er ally of two types: thin, solid or broader, membranaceous.
Archaeopyle precingular.

Achomosphaera sp. sensu Brinkhuis 1992
(Fig. 44O)

1992 Achomosphaera sp.; Brinkhuis (1992), p. 96, pl. II, figs. 1–3; pl. XX, figs. 10–11

Ma te rial. A sin gle spec i men oc curs in sam ple Kns6.

De scrip tion. Cyst chorate, large, subspherical, with in fre quent large, hol low,
broad pro cesses, with dis tally ex panded mar gins. These mar gins are pre sum ably
trifurcated al though due to their broad ness it is dif fi cult to es ti mate. Num ber of
pro cesses is also not cer tain: the stud ied spec i men pos sesses six pro cesses, but it
seems to be dam aged, in com plete. Periphragm smooth, no parasutural ridges.

Ge nus Corrudinium Stover et Evitt 1978

Type spe cies: Corrudinium incompositum (Drugg 1970) Stover et Evitt 1978

1978 Corrudinium n. gen.; Stover & Evitt (1978), p. 148–149

Corrudinium incompositum (Drugg 1970) Stover et Evitt 1978
(Fig. 45J–S)

1970 Gonyaulacysta incomposita n. sp.; Drugg, (1970), p. 810–811, figs. 1E–O, 2A
1978 Corrudinium incompositum comb. nov.; Stover et Evitt (1978), p. 149

Ma te rial. Rare spec i mens oc cur in sam ples Kns1, Kns8, Kns10–13 and Kns27.

De scrip tion. Cyst small, ovoidal, prox i mate, with paratabulation ex presses by
low, smooth ridges of equal height and smooth mar gins. Paraplate ar eas cov ered by
in com plete ad di tional ridges, oc ca sion ally united with parasutural ones, and reg u -
larly spaced, iso lated tu ber cules. Archaeopyle precingular.

Corrudinium? sp. A sensu Gedl 2005
(Fig. 32Q, R)

2005 Corrudinium? sp. A; Gedl (2005a), p. 36, pl. 4, figs. 6–9, 11, 12

Ma te rial. A sin gle spec i men in sam ple Kns4.

De scrip tion. Cyst large, subspherical, prox i mate, with thick wall. Periphragm
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cov ered with tu ber cles and elon gated ribs, which form noncontinous pos i tive
re lief, mainly in shape of low ridges. Their ar range ment is ir reg u lar, some of them
seem to form con cen tric forms, the oth ers are rather lin ear. Archaeopyle pre-
cingular.

Dis cus sion. This spe cies was de scribed for the first time by Gedl (2005a) from
Up per Eocene [up per most Eocene? – for age de ter mi na tion of these strata see
Leszczyñski & Malata (2002), and Gedl & Leszczyñski (2005)] strata of the
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Magura Nappe (Pol ish Flysch Carpathians). It was ques tion ably as signed to the
ge nus Corrudinium. Sin gle, rather poorly pre served spec i men from Koniusza does
not al low fur ther tax o nom i cal al lo ca tion of this spe cies.

Ge nus Hystrichostrogylon Agelopoulos 1964

Type spe cies: Hystrichostrogylon membraniphorum Agelopoulos 1964

1964 Hystrichostrogylon n. gen.; Agelopoulos (1964), p. 673–674
1978 Hystrichostrogylon Agelopoulos 1964 emend.; Stover & Evitt (1978), p. 164

Hystrichostrogylon coninckii Heilmann-Clausen 1985
(Fig. 44D)

1994 Hystrichostrogylon coninckii n. sp. ; Heilmann-Clausen in Thom sen &
Heilmann-Clausen (1985), p. 353, 355, pl. 7, figs. 9–12; text-figs. 10A–F

Ma te rial. A sin gle spec i men in sam ple Kns12.

De scrip tion. Periphragm and endophragm very thin and smooth, both lay ers in
con tact dor sally. Faint and very in dis tinct parasutural ridges pres ent on endocyst
and pericyst (es pe cially in paracingular po si tion). Pro cesses gonal and intergonal
short and slen der.

Hystrichostrogylon membraniphorum Agelopoulos 1964
(Fig. 44A–C)

1964 Hystrichostrogylon membraniphorum n. sp.; Agelopoulos (1964), p. 674; text-figs. 1–2

 Ma te rial. Rare spec i mens in sam ples Kns5, Kns11, Kns17, Kns23 and Kns25.

De scrip tion. Cen tral body subspherical, with smooth cyst wall and gonal pro ce-
sses long, dis tally trifurcate, with far ther tiny fur ther branch ing. No ridges con nec-
t ing pro cesses prox i mally. Antapical and dor sal pro cesses united by a broad
periphragm. Archaeopyle paracingular.
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Fig. 45. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Pyxidinopsis sp. C sensu Gedl
2005 (Kns3); B – Pyxidinopsis sp. C sensu Gedl 2005 (Kns3); C – Pyxidinopsis sp. C sensu Gedl 2005
(Kns4); D – Pyxidinopsis sp. C sensu Gedl 2005 (Kns4); E – Pyxidinopsis sp. C sensu Gedl 2005
(Kns13); F – Pyxidinopsis sp. C sensu Gedl 2005 (Kns3); G, H – Pyxidinopsis sp. C sensu Gedl 2005
(same spec i men, var i ous foci; Kns13); I – Tectatodinium pellitum (Kns8); J, K – Corrudinium
incompositum (same spec i men, var i ous foci; Kns10); L–N – Corrudinium incompositum (same
spec i men, var i ous foci; Kns8); O – Corrudinium incompositum (Kns8); P, Q – Corrudinium
incompositum (same spec i men, var i ous foci; Kns8); R, S – Corrudinium incompositum (same
spec i men, var i ous foci; Kns8); T – Cerebrocysta bartonensis (Kns10); U, V – Cerebrocysta
bartonensis (same spec i men, var i ous foci; Kns11); W, X – Cerebrocysta bartonensis (same spec i -
men, var i ous foci; Kns12); Y–Z1 – Cerebrocysta cf. bartonensis (same spec i men, var i ous foci;
Kns25); Z2, Z3 – Pyxidinopsis sp. C sensu Gedl 2005 (same spec i men, var i ous foci; Kns17)



Ge nus Impagidinium Stover et Evitt 1978

Type spe cies: Impagidinium dispertitum (Cookson et Eisenack 1965) Stover et Evitt 1978

1978 Impagidinium n. gen.; Stover & Evitt (1978), p. 165–166

Impagidinium aculeatum (Wall 1967) Lentin et Wil liams 1981
(Fig. 46A–F, K)

1967 Leptodinium aculeatum n. sp.; Wall (1967), p. 104–105, pl. 14, figs. 18–19; text-figs. 3C–D
1981 Impagidinium aculeatum comb. nov.; Lentin & Wil liams (1981), p. 153

Ma te rial. A sin gle spec i men oc curs in sam ple Kns3, more fre quent in sam ple
Kns8.

De scrip tion. Cyst thin-walled, small, ovoidal, with very thin parasutural septa
slen der, of un equal height: con cav i ties of septa pro ceed into dis tinct acuminate
cor ners, pre sum ably in gonal po si tions.

Impagidinium maculatum (Cookson et Eisenack 1961) Stover et Evitt 1978
(Fig. 46Q, R)

1961 Leptodinium maculatum n. sp.; Cookson & Eisenack (1961), p. 40, pl. 2, figs. 5–6
1978 Impagidinium maculatum comb. nov.; Stover & Evitt (1978), p. 166

Ma te rial. Sin gle spec i mens in sam ples Kns8 and Kns27.

De scrip tion. Cyst subspherical, murochorate, with parasutural ridges hyalinous,
very low, smooth, of equal height, with smooth mar gins. Intratabular area cov ered
with uni formly, densely dis trib uted, flat, iso lated tu ber cules.

Impagidinium margaritiferum (Cookson et Eisenack 1960) Stover et Evitt 1978
(Fig. 46S)

1960 Gonyaulax margaritifera n. sp.; Cookson & Eisenack (1960), p. 5–6, pl. 2, figs. 1–2;
text-fig. 1
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Fig. 46. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Impagidinium aculeatum
(same spec i men, var i ous foci; Kns8); C – Impagidinium aculeatum (Kns8); D – Impagidinium
aculeatum (Kns8); E, F – Impagidinium aculeatum (same spec i men, var i ous foci; Kns8); G, H –
Impagidinium sp. C sensu Gedl 2005 (same spec i men, var i ous foci; Kns8); I, J – Impagidinium sp. C
sensu Gedl 2005 (same spec i men, var i ous foci; Kns8); K – Impagidinium aculeatum (Kns6); L, M –
Impagidinium sp. C sensu Gedl 2005 (same spec i men, var i ous foci; Kns8); N – Impagidinium sp. B
sensu Gedl 2005 (Kns10); O, P – Impagidinium velorum (same spec i men, var i ous foci; Kns3); Q, R –
Impagidinium maculatum (same spec i men, var i ous foci; Kns8); S – Impagidinium margaritiferum
(Kns8); T – Impagidinium sp. C sensu Gedl 2005 (Kns10); U, V – Impagidinium sp. A sensu Gedl
2005 (same spec i men, var i ous foci; Kns13); W – Impagidinium sp. A sensu Gedl 2005 (Kns8); X, Y –
Impagidinium sp. A sensu Gedl 2005 (same spec i men, var i ous foci; Kns8); Z – Impagidinium sp. A
sensu Gedl 2005 (Kns8); Z1 – Impagidinium sp. A sensu Gedl 2005 (Kns8); Z2 – Impagidinium sp. A
sensu Gedl 2005 (Kns8); Z3–4 – Impagidinium sp. B sensu Gedl 2005 (same spec i men, var i ous foci;
Kns8)



1978 Impagidinium margaritiferum comb. nov.; Stover & Evitt (1978), p. 166

Ma te rial. A sin gle spec i men in sam ple Kns8.

De scrip tion. Cyst spher i cal, murochorate, with thin and smooth wall. Parasutural
ridges in dis tinct, of equal height, with smooth mar gins. Bases of ridges per fo rated
with a sin gle row of densely and reg u larly spaced holes.

Dis cus sion. Per fo ra tions by I. margaritiferum de scribed by Cookson & Eisenack
(1960) were much thicker than in this spec i men, which pos sesses dense but del i cate 
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per fo ra tions; they are also of the same size, so they never form ledges like in the
type ma te rial.

Impagidinium velorum Bujak 1984
(Fig. 46O, P)

1984 Impagidinium velorum n. sp.; Bujak (1984), p. 187–188, pl. 2, figs. 13–16

Ma te rial. A sin gle spe cies oc curs in sam ple Kns3.

De scrip tion. Cyst small, ovoidal, murochorate, with hyalinous, very thin, smooth
wall and very high septa, whose height equals cen tral body di am e ter.

Impagidinium sp. A sensu Gedl 2005
(Fig. 46U–Z2)

?1989 Impagidinium sp. cf. I. sp. B; Head & Norris (1989), p. 547, pl. 10, fig. 4
?2000 Impagidinium sp. cf. I sp. B of Head & Norris (1989); Gedl (2000), p. 193, fig. 100d–f,

m
2005 Impagidinium sp. A; Gedl (2005a), p. 36, pl. 8, figs 1–6

Ma te rial. Sin gle spec i mens in sam ples Kns2, Kns4, Kns18, Kns23–25, Kns27 and
Kns28; more com mon in sam ples Kns3, Kns5, Kns8 and Kns10. Most fre quent is
sam ple Kns13.

De scrip tion. Cyst subspherical to slightly el lip soi dal, murochorate, with thin and
smooth wall. Parasutural ridges low, of equal height, del i cate, smooth, with smooth 
mar gins.

Re marks. This taxon closely re sem bles a spec i men of Impagidinium sp. cf. I. sp. B
fig ured but not de scribed by Head & Norris (1989; p. 547, pl. 10, fig. 4).

Impagidinium sp. B sensu Gedl 2005
(Fig. 46N, Z3, Z4, Fig. 51A, B)

2005 Impagidinium sp. B; Gedl (2005a), p. 36, pl. 8, figs 7–12, 14

Ma te rial. Sin gle spec i mens were found in sam ples Kns8 and Kns10.

De scrip tion. Cyst small, subspherical, murochorate, with smooth periphragm and
rel a tively thick and high parasutural ridges. Ridges of equal height or slightly
de pressed, their dis tal mar gins smooth or finely ir reg u lar (Fig. 46Z3, Z4). Ridges
junc tions show clear thick en ings. Archaeopyle precingular.

 Impagidinium sp. C sensu Gedl 2005
(Fig. 46G–J, L, M, T, Fig. 51D)

2005 Impagidinium sp. C; Gedl (2005a), p. 37, pl. 8, fig. 13

Ma te rial. Rare spec i mens oc cur in sam ples Kns8, Kns10, Kns25 and Kns27. A
sin gle spec i men was found in sam ple Kns4 dur ing SEM ob ser va tion.

De scrip tion. Cyst el lip soi dal, murochorate, with pear-shaped cen tral body (hypo-

108 P. GEDL



cyst broader but lower than epicyst). Parasutural ridges high, rel a tively mas sive,
deeply con cave be ing the high est in paracingular and po lar ar eas. This gives a
char ac ter is tic cru ci form shape of the cyst.

Ge nus Nematosphaeropsis Deflandre et Cookson 1955

Type spe cies: Nematosphaeropsis balcombiana Deflandre et Cookson 1955

1955 Nematosphaeropsis n. gen.; Deflandre & Cookson (1955), p. 268
1966 Nematosphaeropsis Deflandre et Cookson 1955 emend.; Wil liams & Downie (1966c), p.

222
1988 Nematosphaeropsis Deflandre et Cookson 1955 emend.; Wrenn (1988), p. 137

Nematosphaeropsis labyrinthus (Ostenfeld 1903) Reid 1974
(Fig. 47A–D)

1903 Pterosperma labirynthea n. sp.; Ostenfeld (1903), p. 578, fig. 127
1974 Nematosphaeropsis labyrinthus comb. nov.; Reid (1974), p. 592

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns5 and Kns8.

De scrip tion. Cyst small, subspherical to slightly el lip soi dal, chorate, trabeculate,
with thin, solid, rel a tively long, mainly trifurcate pro cesses. Cen tral body smooth.
Pro cesses con nected dis tally by del i cate trabeculae.

Nematosphaeropsis lemniscata Bujak 1984
(Fig. 47E–H, Y)

1984 Nematosphaeropsis lemniscata n. sp.; Bujak (1984), p. 189–190, pl. 3, figs. 5–7
1988 Nematosphaeropsis lemniscata Bujak 1984 emend.; Wrenn (1988), p. 142, 144

Ma te rial. Rare spec i mens oc cur in sam ples Kns7 and Kns8.

De scrip tion. Cyst subspherical, chorate, trabeculate, with smooth wall; no prox i -
mal parasutural de vel oped. Pro cesses rel a tively short (usu ally less than cen tral
body di am e ter), hol low, mas sive, dis tally trifurcate, pro ceed into ectophragmal
net work. These trabeculae of equal width, mas sive, seem to be u-shaped in
trans verse cross-sec tions.

Nematosphaeropsis reticulensis (Pastiels 1948) Sarjeant 1986
(Fig. 47I–X, Z–Z1)

1948 Cannosphaeropsis reticulensis n. sp.; Pastiels (1948), p. 49, pl. 5, figs. 7–10
1986 Nematosphaeropsis reticulensis comb. nov.; Sarjeant (1986), p. 9
1986 Nematosphaeropsis reticulensis (Pastiels 1948) emend.; Sarjeant (1986), p. 9, 11

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns5–7, Kns9, Kns12; com mon in
sam ple Kns13.

De scrip tion. Cyst subspherical, trabeculate, with thick and smooth wall. Long (up
to the cen tral body di am e ter), solid, mainly trifurcate pro cesses dis tally con nected
by solid trabeculae. Ad di tional spines pres ent at dis tal pro cess ter mi na tions.
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Fig. 47. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Nematosphaeropsis labyrin- 
thus (same spec i men, var i ous foci; Kns8); C, D – Nematosphaeropsis labyrinthus (same spec i men,
var i ous foci; Kns8); E – Nematosphaeropsis lemniscata (Kns8); F–H – Nematosphaeropsis lemni-
scata (same spec i men, var i ous foci; Kns7); I, J – Nematosphaeropsis reticulensis (same spec i men,
var i ous foci; Kns13); K–M – Nematosphaeropsis reticulensis (same spec i men, var i ous foci; Kns13);
N, O – Nematosphaeropsis reticulensis (same spec i men, var i ous foci; Kns13); P–R – Nemato-
sphaeropsis reticulensis (same spec i men, var i ous foci; Kns13); S, W – Nematosphaeropsis reticu-
lensis (same spec i men, var i ous foci; Kns7); T–V – Nematosphaeropsis reticulensis (same spec i men,
var i ous foci; Kns5); X – Nematosphaeropsis reticulensis (Kns12); Y – Nematosphaeropsis lemni-
scata (Kns8); Z–Z1 – Nematosphaeropsis reticulensis (same spec i men, var i ous foci; Kns6)



Ge nus Pentadinium Gerlach 1961

Type spe cies: Pentadinium laticinctum Gerlach 1961

1961 Pentadinium n. gen.; Gerlach (1961), p. 164–165
1982 Pentadinium Gerlach 1961 emend.; Benedek, Gocht & Sarjeant (1982), p. 266–268

Pentadinium laticinctum Gerlach 1961
(Fig. 32P, U, V–X, Fig. 51F, G)

1961 Pentadinium laticinctum n. sp.; Gerlach (1961), p. 165–166, pl. 26, figs. 5–6; text-figs.
6–7

1982 Pentadinium laticinctum Gerlach 1961 emend.; Benedek, Gocht & Sarjeant (1982), p.
268–272

Ma te rial. Rare spec i mens oc cur in sam ples Kns5, Kns8, Kns10, Kns13, Kns17,
Kns22, Kns25, Kns30 and Kns33.

De scrip tion. Cyst suturocavate, proximochorate, with subspherical to po lyg o nal
(in lat eral view) endocyst. Pericyst appressed, ex cept of parasutural ar eas where it
forms high septa of in con sis tent width at their bases. Endophragm thicker than
periphragm, brain-like, with vermiculate struc ture (Fig. 51G). Periphragm densely, 
but finely, gran u lar.

Ge nus Rottnestia Cookson et Eisenack 1961

Type spe cies: Rottnestia borussica (Eisenack 1954) Cookson et Eisenack 1961

1961 Rottnestia n. gen.; Cookson & Eisenack (1961), p. 40, 42

Rottnestia borussica (Eisenack 1954) Cookson et Eisenack 1961
(Fig. 44E, H)

1954 Hystrichosphaera borussica n. sp.; Eisenack (1954), p. 62, pl. 9, figs. 5–7
1961 Rottnestia borussica comb. nov.; Cookson & Eisenack (1961), p. 42

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns4 and Kns5.

De scrip tion. Cyst elon gated, bicavate, with spher i cal to subspherical endocyst.
Pericyst wide at hypocyst, whereas it forms an api cal horn on epicyst. Two
spec i mens found at Koniusza dif fer by periphragm, which is thicker and coarser
gran u lar on spec i men from sam ple Kns4 (Fig. 44E), while spec i men from sam ple
Kns5 pos ses a much thin ner and finer gran u lar one (Fig. 44H). Short and slen der
gonal trifurcate pro cesses arise from low and in dis tinct parasutural ridges.

Ge nus Spiniferites Mantell 1850

Type spe cies: Spiniferites ramosus (Ehrenberg 1838) Mantell 1854

1850 Spiniferites n. gen.; Mantell (1850), p. 191
1970 Spiniferites Mantell 1850 emend.; Sarjeant (1970), p. 75
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Spiniferites pseudofurcatus (Klumpp 1953) Sarjeant 1970
(Fig. 48O)

1953 Hystrichokibotium pseudofurcatum n. sp.; Klumpp (1953), p. 388, pl. 16, figs. 12–14
1970 Spiniferites pseudofurcatus comb. nov.; Sarjeant (1970), p. 76
1981 Spiniferites pseudofurcatus (Klumpp 1953) emend.; Sarjeant (1981), p. 108–109

Ma te rial. Rare spec i mens of this spe cies oc cur in sam ples Kns1, Kns2, Kns5,
Kns8, Kns11, Kns13, Kns14, Kns18, Kns19, Kns24, Kns25, Kns27, Kns31 and
Kns32; more fre quent in sam ples Kns7, Kns17, Kns20 and Kns33.

De scrip tion. Cyst subspherical, rel a tively large, chorate, with thick and smooth
endophragm and thin ner periphragm that oc ca sion ally bears ir reg u lar small gra-
n ules. The lat ter forms low parasutural ridges that con nect prox i mally gonal
pro cesses. Pro cesses hol low, com monly mas sive, dis tally trifurcate. Pro cess length 
up to the half of the cen tral body di am e ter.

Spiniferites ramosus (Ehrenberg 1838) Mantell 1854
(Fig. 44F, G, Fig. 48A–N, P, Q, Fig. 49A–L, Fig. 84B)

1838 Xanthidium ramosum n. sp.; Ehrenberg (1838), pl. 1, figs. 1–2, 5
1854 Spiniferites ramosus comb. nov.; Mantell (1854), p. 239

Ma te rial. Very fre quent spe cies oc curs in all sam ples, be ing dom i nat ing in some
sam ples; rare in sam ples Kns1, Kns2 and Kns26.

De scrip tion. Cyst spher i cal to subspherical and slightly el lip soi dal, chorate, with
thin and smooth to finely gran u lar both cyst lay ers. Periphragm forms parasutural
ridges, usu ally low and in dis tinct, with gonal (and intergonal at some spec i mens)
pro cesses, which are solid or hol low. Their length is vari able but con stant at
par tic u lar spec i men; they ter mi nate with bi fur ca tions (intergonal) and tri fur ca -
tions. Archaeopyle precingular.

Dis cus sion. This spe cies shows a con sid er able vari abil ity of mor phol ogy, mainly
re lated to pres ence or ab sence of intergonal pro cesses; their length and height of
parasutural ridges, which com monly are high close to pro cess, are much lower in
be tween pro cesses (Fig. 48A–N, P, Q). Lesser di ver sity is vis i ble in endophragm
struc ture: ma jor ity of spec i mens at trib uted here to Spiniferites ramosus have
rel a tively thin and smooth endophragm. Only very rare spec i mens have thick
endophragm (Fig. 48E, H); one of them pre sum ably rep re sents Spiniferites ramo-
sus subsp. meandriformis [sin gle spec i men oc curs in sam ple Kns7; this sub spe cies,
al though de scribed from Up per Cre ta ceous strata by Corradini (1973), was re por-
ted from Eocene by Gocht (1969)].

Ge nus Tectatodinium Wall 1967

Type spe cies: Tectatodinium pellitum Wall 1967

1967 Tectatodinium n. gen.; Wall (1967), p. 112–113
1994 Tectatodinium Wall 1967 emend.; Head (1994), p. 306
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Fig. 48. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Spiniferites ramosus (same
spec i men, var i ous foci; Kns3); C, D – Spiniferites ramosus (same spec i men, var i ous foci; Kns3); E –
Spiniferites ramosus (Kns6); F – Spiniferites ramosus (Kns6); G – Spiniferites ramosus (Kns3); H –
Spiniferites ramosus (Kns12); I – Spiniferites ramosus (Kns12); J – Spiniferites ramosus (Kns4); K –
Spiniferites ramosus (Kns4); L – Spiniferites ramosus (Kns1); M – Spiniferites ramosus (Kns13); N –
Spiniferites ramosus (Kns8); O – Spiniferites pseudofurcatus (Kns1); P – Spiniferites ramosus
(Kns3); Q – Spiniferites ramosus (Kns4)
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Fig. 49. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A–L –
Spiniferites ramosus (A–G: Kns8; H–L: Kns5)



Tectatodinium pellitum Wall 1967
(Fig. 45I, Fig. 51H–K, Fig. 52U–Y)

1967 Tectatodinium pellitum n. sp.; Wall (1967), p. 113, pl. 16, figs. 11–12
1994 Tectatodinium pellitum Wall 1967 emend.; Head (1994), p. 308, 310

Ma te rial. Sin gle spec i mens oc cur in sam ples rep re sent ing pale-col oured marl
(Kns3, Kns4, Kns8, Kns10 and Kns25); a sin gle spec i men oc curs in dark-col oured
mudstone (Kns17).

De scrip tion. Cyst spher i cal, prox i mate, with wall com posed of thin in ner layer and 
much thicker outer layer, con sist ing of spongy luxuriae, which are very densely
packed mak ing a felty ap pear ance (Fig. 51I, K). The outer cyst sur face is rel a tively
smooth, no iso lated fibres ap pear. Archaeopyle precingular, operculum free.

Ge nus Ynezidinium Lucas-Clark et Helenes 2000

Type spe cies: Ynezidinium malloyii Lucas-Clark et Helenes 2000

 2000 Ynezidinium n. gen.; Lucas-Clark & Helenes (2000), p. 114–115

Ynezidinium brevisulcatum (Michoux 1985) Lucas-Clark et Helenes 2000
(Fig. 50A–K, Fig. 51C)

1985 Impagidinium brevisulcatum n. sp.; Michoux (1985), p. 144–145, pl. 1, figs. 9–11;
text-fig. 4

2000 Ynezidinium brevisulcatum comb. nov.; Lucas-Clark & Helenes (2000), p. 118

Ma te rial. Rare to mod er ately com mon spec i mens oc cur in sam ples rep re sent ing
pale-col oured marl (Kns3, Kns8, Kns10, Kns24, Kns25 and Kns27); a sin gle
spec i men oc curs in sam ple rep re sent ing dark-coloure mudstone (Kns13).

De scrip tion. Cyst large, spher i cal to el lip soi dal, murochorate. Endophragm and
periphragm smooth, the lat ter is rel a tively thin form ing low parasutural ridges of
equal height. Parasutural ridges by some spec i mens show slightly si nu soi dal course 
(e.g., Fig. 50G); they can be smooth or stri ated at their bases (Fig. 50H, J).

Subfamily UN CER TAIN

Ge nus Escharisphaeridia Erkmen and Sarjeant 1980

Type spe cies: Escharisphaeridia pocockii (Sarjeant 1968) Erkmen et Sarjeant 1980

1980 Escharisphaeridia n. gen.; Erkmen & Sarjeant (1980), p. 62–63

Escharisphaeridia sp.
(Fig. 16D, E, Fig. 53B)

Ma te rial. Two spec i mens in sam ple Kns8, a sin gle spec i men in sam ple Kns28.

De scrip tion. Autocyst spher i cal, thin-walled, with finely shagreenate autophragm. 
No in di ca tion of paratabulation ex cept of api cal archaeopyle, mar gin of which is
well vis i ble at both spec i mens.
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Fig. 50. Dinoflagellate cysts from the Popiele beds at Koniusza. A–K – Ynezidinium brevisulcatum
(A, B: same spec i men, var i ous foci; Kns10; C, F: same spec i men, var i ous foci; Kns3; D, E: same
spec i men, var i ous foci; Kns8; G, H: same spec i men, var i ous foci; Kns8; I–K: same spec i men, var i ous
foci; Kns8)



Ge nus Fibrocysta Stover et Evitt 1978

Type spe cies: Fibrocysta bipolaris (Cookson et Eisenack 1965) Stover et Evitt 1978

1978 Fibrocysta n. gen.; Stover & Evitt (1978), p. 155

Fibrocysta axialis (Eisenack 1965) Stover et Evitt 1978
(Fig. 40C, F, I–K)

1965 Cordosphaeridium axialis n. sp.; Eisenack (1965), p. 150, pl. 15, figs. 1–4
1978 Fibrocysta axialis comb. nov.; Stover & Evitt (1978), p. 155

 Ma te rial. Sin gle spec i mens oc cur in sam ples Kns2, Kns3, Kns6, Kns8, Kns13,
Kns18, Kns21, Kns22, Kns28, Kns29 and Kns33.

De scrip tion. Cyst ovoidal, with nontabular, solid, rel a tively long, slen der, dis tally
slightly ex panded pro cesses, ex cept of api cal one, which is re mark ably larger,
dis tally ter mi nat ing with two par al lel branched tips. Cyst wall smooth (Fig. 40C) to
finely gran u lar (Fig. 40F, K). Archaeopyle precingular.

Fibrocysta radiata (Morgenroth 1966) Stover et Evitt 1978
(Fig. 40G, H)

1966 Lanternosphaeridium radiatum n. sp.; Morgenroth (1966a), p. 37–38, pl. 10, figs. 7–9
1978 Fibrocysta radiata comb. nov.; Stover & Evitt (1978), p. 155

Ma te rial. A sin gle spec i men was found in sam ple Kns3.

De scrip tion. Cyst ovoidal, with wall con sist ing of rel a tively thick fi brous struc -
ture, which passes into lower parts of pro cesses giv ing a fi brous ap pear ance; higher
parts of pro cesses smooth. Pro cesses nontabular, slen der, solid, dis tally nar row ing,
ter mi nated with tiny expandings. Antapical pro cess larger, tubi form, hol low,
fi brous at the base, dis tally open. Api cal pro tru sion pres ent; pre sum ably, this could
be the base of a bro ken api cal pro cess (Fig. 40G). Archaeopyle precingular.

Fibrocysta sp. A
(Fig. 40D, E)

Ma te rial. A sin gle spec i men was found in sam ple Kns2.

De scrip tion. Cyst pre sum ably ovoidal to subspherical (bro ken spec i men does not
al low pre cise de ter mi na tion of the cyst shape), with finely fi brous wall and short,
mas sive, solid, fi brous pro cesses, dis tally slightly ex panded, with seccate mar gin.
Api cal pro cess con sid er ably larger, lon ger, ter mi nated with three very short,
mas sive branches (Fig. 40D).

Ge nus Melitasphaeridium Harland et Hill 1979

Type spe cies: Melitasphaeridium choanophorum (Deflandre et Cookson 1955) Harland et Hill

1979 Melitasphaeridium n. gen.; Harland & Hill (1979), p. 38–39
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Melitasphaeridium asterium (Eaton 1976) Bujak, Downie,
Eaton et Wil liams 1980

(Fig. 34L, M)

1976 Hystrichosphaeridium asterium n. sp.; Eaton (1976), p. 273, pl. 11, figs. 7–10
1980 Melitasphaeridium asterium comb. nov.; Bujak, Downie, Eaton & Wil liams (1980), p. 30

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns5, Kns6 and Kns17.

De scrip tion. Cyst small, spher i cal, chorate, with smooth and thin wall bear ing
long, thin, straight, cy lin dri cal pro cesses that dis tally ex pand into cir cu lar plat -
forms with aculeate mar gins. Archaeopyle precingular.

Melitasphaeridium pseudorecurvatum (Morgenroth 1966) Bujak, Downie,
Eaton et Wil liams 1980

(Fig. 34A–K, R, Fig. 53J, Fig. 84C)

1966 Hystrichosphaeridium pseudorecurvatum n. sp.; Morgenroth (1966a), p. 30–31, pl. 8,
figs. 5–6

1980 Melitasphaeridium pseudorecurvatum comb. nov.; Bujak, Downie, Eaton & Wil liams
(1980), p. 30

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns4–6, Kns12, Kns20, Kns23 and
Kns28; more fre quent in sam ple Kns8, Kns17–19, Kns25 and Kns27, very fre quent 
in sam ple Kns10; rel a tively com mon in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst small, spher i cal, chorate, with smooth and very thin wall. Over
20 pro cesses thin, hol low, smooth, cy lin dri cal, dis tally aculeate. Serrations long
and slen der, ra di ally ar ranged. Archaeopyle precingular.

Ge nus Pyxidinopsis Habib 1976

Type spe cies: Pyxidinopsis challengerensis Habib 1976

1976 Pyxidinopsis n. gen.; Habib (1976), p. 382

Pyxidinopsis sp. A sensu Gedl 2005
(Fig. 52N)

2005 Pyxidinopsis sp. A; Gedl (2005), p. 37–38, fig. 3.104; pl. 10, fig. 10

SYS TEM ATIC PART 119

Fig. 51. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A, B –
Impagidinium sp. B sensu Gedl 2005 (both spec i mens Kns8); C – Ynezidinium brevisulcatum (Kns8;
note scale bar length, which shows large di men sion of this spe cies com pared to other il lus trated
Impagidinium spec i mens); D – Impagidinium sp. C sensu Gedl 2005 (Kns4); E – Cerebrocysta
bartonensis (Kns5); F, G – Pentadinium laticinctum (Kns5; F: com plete spec i men; G: de tail show ing
periphragm and endophragm struc tures); H, I – Tectatodinium pellitum (Kns8; H: com plete spec i -
men; I: de tail show ing outer sur face struc ture and a cross-sec tion through the cyst wall); J, K –
Tectatodinium pellitum (Kns8; J: com plete spec i men; K: de tail show ing outer sur face struc ture and a
cross-sec tion through the cyst wall)



Ma te rial. A sin gle spec i men oc curs in sam ple Kns3.

De scrip tion. Cyst small, prox i mate, wrin kled, pre sum ably subspherical. Cyst wall
cov ered with tiny, densely packed elon gated gran ules, which com monly fuse with
each other giv ing rise to finely vermiculate pat tern. No other forms of pos i tive
re lief. No in di ca tion of paratabulation ex cept of precingular archaeopyle.
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Fig. 52. Dinoflagellate cysts from the Popiele beds at Koniusza. A–C – Ge nus et spe cies indeter-
mined A (same spec i men, var i ous foci; Kns8); D, E – Ge nus et spe cies indetermined B (same
spec i men, var i ous foci; Kns12); F, G – Batiacasphaera hirsuta (same spec i men, var i ous foci; Kns4);
H – Batiacasphaera micropapillata (Kns6); I – Batiacasphaera micropapillata (Kns6); J – Batiaca-
sphaera sp. B (Kns8); K – Batiacasphaera sp. B (Kns3); L – Batiacasphaera sp. A (Kns3); M –
Batiacasphaera micropapillata (Kns4); N – Pyxidinopsis sp. A sensu Gedl 2005 (Kns3); O, T –
Batiacasphaera sp. C (same spec i men, var i ous foci; Kns8); P – Batiacasphaera? reticulata (Kns11);
Q, R – Batiacasphaera? reticulata (same spec i men, var i ous foci; Kns11); S – Batiacasphaera?
reticulata (Kns11); U – Tectatodinium pellitum (Kns3); V, W – Tectatodinium pellitum (same
spec i men, var i ous foci; Kns4); X – Tectatodinium pellitum (Kns10); Y – Tectatodinium pellitum
(Kns10)



Pyxidinopsis sp. C sensu Gedl 2005
(Fig. 45A–H, Z1, Z2)

2005 Pyxidinopsis sp. C; Gedl (2005), p. 38, fig. 3.114; pl. 10, fig. 13

Ma te rial. Rare spec i mens oc cur in sam ples Kns3, Kns4, Kns8, Kns13, Kns17 and
Kns22.

De scrip tion. Cyst subspherical, com monly wrin kled. Cyst wall cov ered by anasto- 
mosing rugulate pat tern com posed of tiny ribs. Ribs con nected to each other but
their dis tri bu tion is rather loose and smooth ar eas sep a rate these wrin kles. Archaeo- 
pyle precingular. No in di ca tion of paratabulation ex cept of archaeopyle.

Dis cus sion. This spe cies dif fers from Pyxidinopsis sp. A by larger di men sion,
thicker cyst wall and gen er ally coarser sculp ture of its mor phol ogy. Or na men ta tion
by Pyxidinopsis sp. A is much finer, and pos i tive el e ments (wrin kles) are densely
packed, whereas by Pyxidinopsis sp. C it is much thicker, and anastomosing ribs are 
com monly sep a rated by smooth ar eas.

Fam ily AREOLIGERACEAE Evitt 1963

Ge nus Adnatosphaeridium Wil liams et Downie 1966

Type spe cies: Adnatosphaeridium vittatum Wil liams et Downie 1966

1966 Adnatosphaeridium n. gen.; Wil liams & Downie (1966c), p. 215
1990 Adnatosphaeridium Wil liams et Downie 1966 emend.; Stancliffe & Sarjeant (1990), p.

199–200

Adnatosphaeridium multispinosum Wil liams et Downie 1966
(Fig. 20D, E, Fig. 54A–C, E, F, K–P, Fig. 85G)

1966 Adnatosphaeridium multispinosum n. sp.; Wil liams & Downie (1966c), p. 216–217, pl.
24, fig. 5

Ma te rial. Sin gle to rare spec i mens in sam ples: Kns2, Kns3, Kns5–7, Kns10–13,
Kns17, Kns19–22, Kns26, Kns28, Kns29, Kns32 and Kns33; mod er ately com mon
in sam ple KnsH2 (the Hi ero glyphic beds).

De scrip tion. Cyst subspherical to slightly len tic u lar; some spec i mens show well
de vel oped antapical lo ba tion (Fig. 54A–C). Endophragm usu ally finely to strongly
gran u lar (e.g., Fig. 20E, Fig. 54A, B, N), some spec i mens have smooth endo-
phragm (Fig. 54E, F). Periphragm smooth and thin, forms nu mer ous thin, smooth,
long and slen der pro cesses, which dis tally branch to form trabeculae. Short
acuminate spines pres ent on some spec i mens’ trabeculae. Archaeopyle api cal;
typ i cal zig zag mar gin pres ent.

Adnatosphaeridium vittatum Wil liams et Downie 1966
(Fig. 54D, G–J)

1966 Adnatosphaeridium vittatum n. sp.; Wil liams & Downie (1966c), p. 215, pl. 24, figs. 3,7; 
text-fig. 56
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Fig. 53. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A –
Batiacasphaera sp. B (Kns8); B – Escharisphaeridia sp. (Kns8); C – Batiacasphaera sp. C (Kns4); D
– Polysphaeridium zoharyi (Kns3); E – Dapsilidinium pseudocolligerum (Kns5); F – Batiacasphaera
sp. B (Kns5); G, H – Membranophoridium aspinatum (G: Kns8; H: Kns5); I – Glaphyrocysta
semitecta (Kns5); J – Melitasphaeridium pseudorecurvatum (Kns8)



SYS TEM ATIC PART 123

Fig. 54. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Adnatosphaeridium
multispinosum (same spec i men, var i ous foci; Kns6); C – Adnatosphaeridium multispinosum (Kns6);
D – Adnatosphaeridium vittatum (Kns2); E, F – Adnatosphaeridium multispinosum (same spec i men,
var i ous foci; Kns2); G, H – Adnatosphaeridium vittatum (same spec i men, var i ous foci; Kns3); I, J –
Adnatosphaeridium vittatum (same spec i men, var i ous foci; Kns5); K–M – Adnatosphaeridium
multispinosum (same spec i men, var i ous foci; Kns7); N –Adnatosphaeridium multispinosum (Kns6);
O, P – Adnatosphaeridium multispinosum (same spec i men, var i ous foci; Kns12)



Ma te rial. Sin gle spec i mens oc cur in sam ples Kns2, Kns3 and Kns5; a sin gle
spec i men oc curs in sam ple KnsH2 (the Hi ero glyphic beds).

De scrip tion. Cyst subspherical with gran u lar endophragm and smooth peri-
phragm. The lat ter forms two types of pro cesses: nu mer ous, thin and slen der
pro cesses that dis tally are united by trabeculae, and rare mas sive, wide, hol low
buccinate pro cesses, dis tally open with highly ex panded mar gins; the lat ter seems
to be in ter con nected to the trabeculae. Archaeopyle api cal.

Ge nus Areoligera Lejeune-Carpentier 1938

Type spe cies Areoligera senonensis Lejeune-Carpentier 1938

1938 Areoligera n. gen.; Lejeune-Carpentier (1938), p. B164
1966 Areoligera Lejeune-Carpentier 1938 emend.; Wil liams & Downie (1966c), p. 227–228

Areoligera coronata (O. Wetzel 1933) Lejeune-Carpentier 1938
(Fig. 55M, N, Fig. 84A, L)

1933 Hystrichosphaera penicillata forma coronata n. sp.; O. Wetzel (1933), p. 41, pl. 4, fig.
17

1938 Areoligera coronata comb. nov.; Lejeune-Carpentier (1938), p. B170

Ma te rial. A sin gle spec i men was found in sam ple Kns8; two spec i mens were
found in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst large, subspherical, with thick and smooth wall bear ing intrat-
abular pro cess com plexes, ex cept of mid-dor sal and mid-ven tral ar eas. Com plexes
arise from cir cu lar ridges; their bases are de vel oped as membraneous or solid
pro cesses – both forms fuse higher form ing ir reg u larly per fo rated struc ture.
Pro cess com plexes dis tally ter mi nate with ir reg u larly digitate dis tal mar gins.
Archaeopyle api cal with typ i cal zig zag mar gin.

Areoligera cf. medusettiformis sensu Eaton 1976
(Fig. 84F, G)

1971 Areoligera cf. medusettiformis; Eaton (1976), p. 242–246, fig. 7C, pl. 3, fig. 7

Ma te rial. Rare spec i mens oc cur in sam ples Kns23 and Kns25. Very fre quent
oc cur rence of this spe cies is noted from the Hi ero glyphic beds (sam ple KnsH2).

De scrip tion. Cyst subspherical to len tic u lar, with intratabular pro cess com plexes
de vel oped on whole cyst sur face, in clud ing the mid-dor sal and mid-ven tral ar eas.
Pro cess com plexes sim i lar to A. coronata, but less mas sive and membraneous.
Archaeopyle api cal with typ i cal zig zag mar gin.

 Ge nus Glaphyrocysta Stover et Evitt 1978

Type spe cies: Glaphyrocysta retiintexta (Cookson 1965) Stover et Evitt 1978

1978 Glaphyrocysta n. gen.; Stover & Evitt (1978), p. 49–50
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Glaphyrocysta exuberans (Deflandre et Cookson 1955 ex Eaton 1976)
Stover et Evitt 1978

(Fig. 84J, M)

1955 Cyclonephelium exuberans n. sp.; Deflandre & Cookson (1955), p. 285 (nom. nud.)
1971 Cyclonephelium exuberans; Eaton (1976), p. 255–256
1978 Glaphyrocysta exuberans comb. nov., Stover & Evitt (1978), p. 50.
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Fig. 55. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Distatodinium ellipticum (Kns6); 
B – Distatodinium ellipticum (Kns5); C, D – Distatodinium virgatum (same spec i men, var i ous foci;
Kns13); E, I – Distatodinium craterum (same spec i men, var i ous foci; Kns7); F, G – Distatodinium elli-
pticum small spec i men (same spec i men, var i ous foci; Kns12); H – Distatodinium ellipticum small spe-
c i men (Kns12); J – ?Thalassiphora dynamica (Kns5); K, L – Membrano- phoridium aspinatum spe-
c i men with low mem branes (same spec i men, var i ous foci; Kns13); M, N – Areoligera coronata (same
spec i men, var i ous foci; Kns8); O–Q – Distatodinium ?scariosum (same spec i men, var i ous foci; Kns17)



Ma te rial. Rare spec i mens, com monly poorly pre served oc cur in sam ples Kns4,
Kns6, Kns18–20, Kns22 and Kns29; two spec i mens have been found in the
Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst len tic u lar with rel a tively long solid and thin pro cesses, which
dis tally are in ter con nected form ing anastomosing and membranaceous struc ture.
Archaeopyle api cal with zig zag mar gin.

Glaphyrocysta intricata (Eaton 1971) Stover et Evitt 1978
(Fig. 56M, P–T)

1971 Cyclonephelium intricatum n. sp.; Eaton (1971), p. 365, pl. 4, figs. 8–10
1978 Glaphyrocysta intricata comb. nov.; Stover & Evitt (1978), p. 50

Ma te rial. Rare spec i mens oc cur in sam ples Kns5, Kns7, Kns11 and Kns12.

De scrip tion. Cyst len tic u lar with foveolate wall. Solid, thin, smooth pro cesses
ar ranged in annulate com plexes grouped in pe riph eral ar eas – mid-ven tral and
mid-dor sal ar eas free of pro cesses. Pro cesses in par tic u lar com plexes con nected in
two-third of height by sim ple branches or membranaceous struc tures; their dis tal
mar gins digitate. Pro cess com plexes con nected dis tally by sim ple trabeculae.
Archaeopyle api cal with zig zag mar gin.

Glaphyrocysta semitecta Bujak (1980) Lentin et Wil liams 1981
(Fig. 53I, Fig. 57A–P, Fig. 56A–L, N, O)

1980 Cyclonephelium semitectum n. sp.; Bujak in Bujak, Downie, Eaton & Wil liams (1980),
p. 46, 48, 50, pl. 14, figs. 2–9; text-fig. 13

1981 Glaphyrocysta semitecta comb. nov.; Lentin & Wil liams (1981), p. 111

Ma te rial. Rare to mod er ately com mon, oc curs mainly in sam ples rep re sent ing
dark-col oured mudstone; ab sent in sam ples Kns4, Kns10, Kns14 and Kns23–28;
very fre quent in sam ple Kns32.

De scrip tion. Cen tral body subspherical, len tic u lar, with finely gran u lar cyst wall.
Antapical lo ba tion pres ent on some spec i mens (Fig. 57O, P, Fig. 56K, O). Solid and 
slen der pro cesses arise from cyst pe riph er ies be ing ab sent from mid-dor sal and
mid-ven tral ar eas. Ad di tional rare pro cesses arise from precingular paraplates of
the ven tral side. Pro cesses dis tally united by hyalinous, smooth mem brane, which
show a vari able de gree of per fo ra tion: from small, nu mer ous holes to large
open ings. Mem brane re mains fully de vel oped on the dor sal side where it is in
con tact with the cen tral body; it is ab sent from the ven tral side (e.g., Fig. 57 L, M,
N–P). Pro cesses and mem brane length vari able: the short est at precingular and
postcingular ar eas, usu ally be come much lon ger to ward the antapex (Fig. 57A, I, L,
M, Fig. 56C–E, L). This length dif fer ence is usu ally rather high, but some
spec i mens show it con sid er ably smaller, even to spec i mens with all pro cesses of the 
same height (e.g., Fig. 56A, B). Archaeopyle api cal with zig zag mar gin. Opercu-
lum free, fre quently found as iso lated spec i mens (Fig. 57B, J, K).
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Fig. 56. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Glaphyrocysta semitecta
(same spec i men, var i ous foci; Kns12); C, D – Glaphyrocysta semitecta (same spec i men, var i ous foci;
Kns12); E, I – Glaphyrocysta semitecta (same spec i men, var i ous foci; Kns13); F–H – Glaphyrocysta
semitecta (same spec i men, var i ous foci; Kns11); J, K – Glaphyrocysta semitecta (same spec i men,
var i ous foci; Kns2); L – Glaphyrocysta semitecta (Kns1); M – Glaphyrocysta intricata (Kns11); N, O
– Glaphyrocysta semitecta (same spec i men, var i ous foci; Kns1); P – Glaphyrocysta intricata (Kns7);
Q, R – Glaphyrocysta intricata (same spec i men, var i ous foci; Kns5); S – Glaphyrocysta intricata
(Kns7); T – Glaphyrocysta intricata (Kns11)



Ge nus Membranophoridium Gerlach 1961

Type spe cies: Membranophoridium aspinatum Gerlach 1961

1961 Membranophoridium n. gen.; Gerlach (1961), p. 198
1978 Membranophoridium Gerlach 1961 emend.; Stover & Evitt (1978), p. 64–65
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Fig. 57. Dinoflagellate cysts from the Popiele beds at Koniusza. A–P – Glaphyrocysta semitecta
(A: Kns13; B: iso lated operculum, Kns1; C, D: same spec i men, var i ous foci, Kns12; E, F: same
spec i men, var i ous foci, Kns5; G, H: same spec i men, var i ous foci, Kns6; I: Kns7; J, K: same spec i men
of iso lated operculum, var i ous foci, Kns6; L, M: same spec i men, var i ous foci, Kns6; N–P: same
spec i men, var i ous foci, Kns13)



Membranophoridium aspinatum Gerlach 1961
(Fig. 53G, H, Fig. 55K, L, Fig. 58A–L, Fig. 59D, Fig. 60A)

196 Membranophoridium aspinatum n. sp.; Gerlach (1961), p. 199–201, pl. 21, figs. 7–8

Ma te rial. Sin gle or rare spec i mens oc cur in sam ples Kns1, Kns3–5, Kns7–10,
Kns12, Kns13, Kns17–21, Kns28, Kns29 and Kns33.

De scrip tion. Cyst proximochorate with len tic u lar cen tral body. Antapical lo ba tion
pres ent on some spec i mens (Fig. 58A, B, J, K). Api cal lo ba tion pres ent on
spec i mens with at tached opercular paraplates (Fig. 58F, I). Endophragm rel a tively
thick, foveolate. Periphragm much thin ner, usu ally shagreenate to finely foveolate;
periphragm on a sin gle spec i men shows large holes (Fig. 58D, E). Periphragm
sep a rated from endophragm in pe riph eral ar eas at both sides of the cen tral body
where the for mer forms pericoels. Pericoels have smooth mar gins and usu ally
con stant height, ex cept of the antapical area where they form antapical lobations.
Archaeopyle api cal with zig zag mar gin. Operculum usu ally free; if at tached,
rup ture su ture vis i ble (Fig. 58F, I).

Suborder GONIODOMINEAE Fensome et al. (1993)
Fam ily GONIODOMACEAE Lindemann 1928
Subfamily GONIODOMOIDEAE (Auto nym)

Ge nus Heteraulacacysta Drugg et Loeblich Jr 1967

Type spe cies: Heteraulacacysta cam panula Drugg et Loeblich Jr 1967

 1967 Heteraulacacysta n. gen.; Drugg & Loeblich Jr (1967), p. 183
1980 Heteraulacacysta Drugg et Loeblich Jr 1967 emend.; Bujak in Bujak, Downie, Eaton &

Wil liams (1980), p. 58

Heteraulacacysta cam panula Drugg et Loeblich Jr 1967
(Fig. 61C, G, H, J, K)

1967 Heteraulacacysta cam panula n. sp.; Drugg & Loeblich Jr (1967), p. 183–184, pl. 1, figs.
6–7, 8a–c; text-fig. 2

Ma te rial. Rare spec i mens oc cur in sam ples Kns7–9 and Kns17.

De scrip tion. Spec i mens of H. cam panula in the ma te rial stud ied are vis i ble in
po lar view only. Periphragm and endophragm thin and rather smooth, the for mer
may also be finely foveolate. Periphragm forms in dis tinct parasutural ridges,
ex cept of paracingular one, which is prom i nent. The lat ter also shows in dis tinct
ra dial striations at its base.

Heteraulacacysta cf. cam panula Drugg et Loeblich Jr 1967
(Fig. 62O, P)

Ma te rial. A sin gle spec i men oc curs in sam ple Kns12.
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De scrip tion. This spec i men re sem bles H. cam panula in gen eral ar range ment of
parasutural fea tures. It dif fers by nu mer ous ir reg u lar, rel a tively large foveolae in
cen tral parts of the cyst. Ra dial striations at the base of paracingular flange are well
de vel oped.
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Fig. 58. Dinoflagellate cysts from the Popiele beds at Koniusza. A–L – Membranophoridium
aspinatum (A, B: same spec i men, var i ous foci, Kns5; C: same spec i men, var i ous foci, Kns5; D, E:
spec i men with holes (same spec i men, var i ous foci, Kns13; F, I: com plete spec i men, same spec i men,
var i ous foci, Kns8; G, H: same spec i men, var i ous foci, Kns5; J–L: same spec i men, var i ous foci,
Kns5)



Heteraulacacysta leptalea Eaton 1976
(Fig. 61A, B, D, E)

1976 Heteraulacacysta? leptalea n. sp.; Eaton (1976), p. 305–306, pl. 21, figs. 1–2
1980 Heteraulacacysta leptalea; Bujak in Bujak, Downie, Eaton & Wil liams (1980), p. 60
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Fig. 59. Dinoflagellate cysts from the Popiele beds at Koniusza. A–C – Heterosphaeridium sp. A
(same spec i men, var i ous foci; Kns5); D – Membranophoridium aspinatum (Kns3); E–G – Hetero-
sphaeridium sp. A (same spec i men, var i ous foci; Kns5); H, L – Heterosphaeridium sp. A (same
spec i men, var i ous foci; Kns1); I–K – Heterosphaeridium sp. A (same spec i men, var i ous foci; Kns1);
M, N – Heterosphaeridium sp. A (same spec i men, var i ous foci; Kns1); O, P – Heterosphaeridium sp.
A (same spec i men, var i ous foci; Kns1); Q–T – Heterosphaeridium sp. A (same spec i men, var i ous
foci; Kns5)



Ma te rial. Rare spec i mens oc cur in sam ples Kns2, Kns5 and Kns6, Kns17, Kns18,
Kns20, Kns28 and Kns33.

De scrip tion. Cyst subcircular to el lip ti cal in po lar view, prox i mate, with con cav ity
in parasulcal area. Endophragm finely gran u lar or cov ered by larger, iso lated
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Fig. 60. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Membranophoridum aspina-
tum (Kns1); B–D – Heterosphaeridium sp. A (same spec i men, var i ous foci; Kns6); E, F – Hetero-
sphaeridium sp. A (same spec i men, var i ous foci; Kns6); G, H – Heterosphaeridium sp. A (same
spec i men, var i ous foci; Kns6); I, J – Heterosphaeridium sp. A (same spec i men, var i ous foci; Kns6);
K, L – Heterosphaeridium sp. A (same spec i men, var i ous foci; Kns11); M, N – Heterosphaeridium
sp. A (same spec i men, var i ous foci; Kns5); O, P – Heterosphaeridium sp. A (same spec i men, var i ous
foci; Kns5); Q–S – Heterosphaeridium sp. A (same spec i men, var i ous foci; Kns11); T – Hetero-
sphaeridium sp. A (Kns12)



granulae (Fig. 61A, B). Periphragm thin, densely wrin kled, foveolate. Parasutural
ridges poorly de vel oped and hardly de ter mi na ble.

Heterelaucacysta porosa Bujak 1980
(Fig. 62N, Fig. 61F, I, L)

1980 Heterelaucacysta porosa n. sp.; Bujak in Bujak, Downie, Eaton & Wil liams (1980), p.
62, pl. 15, figs. 10–13; text-figs. 14B–C
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Fig. 61. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Heterelaucacysta leptalea
(Kns3); B – Heterelaucacysta leptalea (Kns6); C – Heterelaucacysta cam panula (Kns8); D –
Heterelaucacysta leptalea (Kns5); E – Heterelaucacysta leptalea (Kns5); F, I – Heterelaucacysta
porosa (same spec i men, var i ous foci; Kns5); G, H – Heterelaucacysta cam panula (same spec i men,
var i ous foci; Kns8); J, K – Heterelaucacysta cam panula (same spec i men, var i ous foci; Kns7); L –
Heterelaucacysta porosa (Kns7)



Ma te rial. Rare spec i mens oc cur in sam ples Kns1, Kns5–7, Kns12, Kns13, Kns18,
Kns20–22, Kns32 and Kns33.

De scrip tion. Cyst subcircular in po lar view, prox i mate. Endophragm smooth.
Periphragm forms small ridges on hypo- and epicyst, and a prom i nent paracingular
flange. Periphragm all over densely and uni formly per fo rated by small iso met ric
holes. No con cen tric ar range ment of per fo ra tions on paracingular crest, as noted by
Bujak (in Bujak et al., 1980), was ob served. How ever, some spec i mens show
amal gam ation of neigh bour ing pores in basal part of paracingular flange in the
form of elon gated empty spaces (Fig. 61L). Ma jor ity of spec i mens have densely
per fo rated paracingular crests, but some have en tire dis tal mar gins of these flanges
(Fig. 62N).

Heterelaucacysta pustulata Jan du ChÃne et Adediran 1985
(Fig. 62I)

1985 Heterelaucacysta pustulata n. sp.; Jan du ChÃne & Adediran (1985), p. 15, pl. 19, figs.
1–7, 9–10; text-figs. 3d–3g

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns8 and Kns17.

De scrip tion. Cyst subcircular in po lar view, prox i mate. Periphragm smooth and
thin, finely wrin kled on the cen tral body, forms a paracingular crest with smooth
mar gins. Or na men ta tion of the cyst is lim ited to the cen tral body, which is cov ered
with ir reg u larly loosely scat tered pustulae – tiny granulae with cy lin dri cal per fo -
ra tion within. It is not vis i ble if these pores go through endophragm as well.
Paracingular crest free of pustulae.

Subfamily PYRODINIOIDEAE Fensome et al. (1993)

Ge nus Dinopterygium Deflandre 1935

Type spe cies: Dinopterygium cladoides Deflandre 1935

1935 Dinopterygium n. gen.; Deflandre (1935), p. 231
1978 Dinopterygium Deflandre 1935 emend.; Stover & Evitt 1978, p. 204–205

Dinopterygium cladoides sensu Morgenroth 1966
(Fig. 62A–H, J–M)

1966 Dinopterygium cladoides; Morgenroth (1966a), p. 12, pl. 2, fig. 11

Ma te rial. Sin gle to rare in sam ples Kns2, Kns3, Kns5–9, Kns12, Kns13, Kns19,
Kns20, Kns22, Kns23, Kns25, Kns28, Kns32; mod er ately com mon in sam ple
Kns1.

De scrip tion. Cyst subcircular in po lar view, po lyg o nal in lat eral view, prox i mate.
Endophragm and periphragm smooth and thin, the lat ter forms membraneous
crests: rel a tively low, smooth and in dis tinct with smooth dis tal mar gin on ma jor ity
of spec i mens (e.g., Fig. 62A, B, G, L), and higher, with foveolate bases and
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ir reg u lar dis tal mar gin on spec i men from sam ple Kns3 (Fig. 62C, D). Parasutural
ridges of the same height, ex cept of antapical part of the cyst where they are slightly
higher (Fig. 62K, L). Paraplates cov ered by densely dis trib uted, iso lated, rel a tively
large granulae, which oc cupy cen tral parts of the paraplates. These intratabular
gran ule groups are sep a rated by wide smooth bands with parasutural crests.
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Fig. 62. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Dinopterygium cladoides
(Kns1); B – Dinopterygium cladoides (Kns1); C, D – Dinopterygium cladoides (same spec i men,
var i ous foci; Kns3); E – Dinopterygium cladoides (Kns6); F, G – Dinopterygium cladoides (same
spec i men, var i ous foci; Kns6); H – Dinopterygium cladoides (Kns12); I – Heterelaucacysta
pustulata (Kns8); J – Dinopterygium cladoides (Kns8); K, L – Dinopterygium cladoides (same
spec i men, var i ous foci; Kns8); M – Dinopterygium cladoides (Kns5); N – Heterelaucacysta porosa
(Kns12); O, P – Heterelaucacysta cf. cam panula – spec i men with ir reg u lar per fo ra tion (same
spec i men, var i ous foci; Kns12)



Ge nus Homotryblium Davey et Wil liams 1966

Type spe cies: Homotryblium tenuispinosum Davey et Wil liams 1966

1966 Homotryblium n. gen.; Davey & Wil liams (1966b), p. 100

Homotryblium abbreviatum Eaton 1976
(Fig. 63I–L, Fig. 64P, Q, Fig. 85C)

1976 Homotryblium abbreviatum n. sp.; Eaton (1976), p. 267–268, pl. 10, figs. 2–4

Ma te rial. Rare spec i mens in sam ples rep re sent ing pale-col oured marl (Kns3,
Kns4, Kns23 and Kns25); a few spec i mens were found in the Hi ero glyphic beds
(KnsH2).

De scrip tion. Cyst spher i cal, chorate, with densely gran u lar periphragm. Pro cesses
intratabular, hol low, tu bu lar, smooth, open, dis tally ex panded. Broad cir cu lar ar eas 
around pro cess stems smooth, de void of gran u lar periphragm. Bound ary be tween
gran u lar periphragm and smooth endophragm vis i ble as a typ i cal cir cle be neath the
pro cess base. Length of pro cesses up to one third of the cen tral body di am e ter.
Archaeopyle epicystal.

Homotryblium aculeatum Wil liams 1978
(Fig. 63A–H, Fig. 64R, S, Fig. 66A–G)

1978 Homotryblium aculeatum n. sp.; Wil liams (1978), p. 797, pl. 4, figs. 5–6, 8–9

Ma te rial. A very com mon spe cies in sam ples rep re sent ing dark-col oured mud-
stone (ex cept of sam ple Kns33 where it is ab sent); ab sent from sam ples rep re -
sent ing pale-col oured marl ex cept of two sam ples Kns8 and Kns10 that yielded
fre quent spec i mens of this spe cies, and sam ple Kns4 (two spec i mens).

De scrip tion. Cyst spher i cal, chorate, with rel a tively thin and smooth wall (Fig.
66C, G). Intratabular pro cesses thin, smooth, tubi form, hol low, dis tally slightly
ex panded with aculate to denticulate mar gins (Fig. 66B). Archaeopyle epicystal.

Homotryblium caliculum Bujak (1980)
(Fig. 67Q–T)

1980 Homotryblium caliculum n. sp.; Bujak in Bujak, Downie, Eaton & Wil liams (1980), p.
62, 64, pl. 16, fig. 4

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns5, Kns10, Kns12 and Kns25.

De scrip tion. Cyst subspherical, proximochorate, with shagreenate (Fig. 67S, T) to
finely gran u lar periphragm (Fig. 67Q, R). Pro cesses intratabular, short, hol low,
with rel a tively thin base, dis tally strongly ex pand ing in form of a cup, dis tally open. 
Dis tal pro cess mar gins with digi ta tions (Fig. 67Q, R) or seccae (Fig. 67S, T).
Archaeopyle epicystal.
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Homotryblium conicum Gedl 1995
(Fig. 47M–P)

1995 Homotryblium conicum n. sp.; Gedl (1995b), p. 202–203, pl. 6, figs. 1–4

Ma te rial. A sin gle spec i men oc curs in sam ple Kns13.
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Fig. 63. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Homotryblium pallidum
(same spec i men, var i ous foci; Kns6); C, D – Homotryblium pallidum (same spec i men, var i ous foci;
Kns12); E, F – Homotryblium pallidum (same spec i men, var i ous foci; Kns1); G, H – Homotryblium
pallidum (same spec i men, var i ous foci; Kns6); I – Homotryblium abbreviatum (Kns3); J – Homo-
tryblium abbreviatum (Kns4); K, L – Homotryblium abbreviatum (same spec i men, var i ous foci;
Kns3); M, N – Homotryblium tenuispinosum (same spec i men, var i ous foci; Kns3); O, P – Homotry-
blium tenuispinosum (same spec i men, var i ous foci; Kns4); Q – Homotryblium tenuispinosum (Kns3); 
R – Homotryblium tenuispinosum (Kns3); S, T – Homotryblium tenuispinosum (same spec i men,
var i ous foci; Kns3)



De scrip tion. Cyst subspherical, with intratabular, very short con i cal pro cesses,
smooth, hol low, dis tally open, with smooth mar gin. Periphragm densely gran u lar.
Cir cu lar smooth ar eas ap pear at the pro cess bases. Archaeopyle epicystal.

Homotryblium plectilum Drugg et Loeblich Jr 1967
(Fig. 64E–J, Fig. 66I–K)

1967 Homotryblium plectilum n. sp.; Drugg & Loeblich Jr (1967), p. 184–186, pl. 2, figs. 1–9;
text-fig. 3

Ma te rial. Mod er ately to very fre quent in sam ples rep re sent ing dark-col oured
mudstone (ex cept of sam ples Kns 14 and Kns33 that lack this spe cies); ab sent from
sam ples rep re sent ing poale-col oured marl ex cept of sam ples Kns23 and Kns25 that 
yielded sin gle spec i mens of this spe cies.

De scrip tion. Cyst subspherical, chorate, with gran u lar wall. Intratabular pro cesses
smooth, hol low, cy lin dri cal, with stri ated sur face, dis tally open (Fig. 66K). Dis tal
mar gins digitate with short lists in cised along striations and slightly ex panded.
Pro cesses rather short in com par i son to the main body, their length rarely ex ceeds a
half of its di am e ter.

Homotryblium cf. plectilum Drugg et Loeblich Jr. 1967
(Fig. 64K–O, T, Fig. 66H)

Ma te rial. It oc curs in dark-mudstone sam ples only; it is rare (Kns1, Kns6, Kns13,
Kns18), mod er ately fre quent (Kns19–22, Kns31 and Kns32) and very fre quent
(Kns17, Kns28 and Kns29).

De scrip tion. This spe cies dif fers H. plectilum by pro cesses that are lon ger and
usu ally much more ex panded dis tally. They are com monly thicker than at H.
plectilum, and due to their length they com monly are slightly curved in con trast to
straight pro cesses by H. plectilum. How ever, some spec i mens have thin and long
pro cesses (Fig. 64O, T). Dis tal ter mi na tions of pro cesses con sist of strongly
ex panded lists that are lon ger than at H. plectilum. (Fig. 64L).

Homotryblium tenuispinosum Davey et Wil liams 1966
(Fig. 63M–T, Fig. 65A–H)

1966 Homotryblium tenuispinosum n. sp.; Davey & Wil liams (1966b), p. 101–102, pl. 4, fig.
11; pl. 12, figs. 1, 5, 7; text-fig. 21

Ma te rial. A very fre quent spe cies in sam ples rep re sent ing pale-col oured mudstone 
(Kns3, Kns4, Kns23–25, Kns27 and Kns30) ex cept of sam ples Kns8 and Kns10
that lack this spe cies; sam ples rep re sent ing dark-col oured mudstone lack this
spe cies or they con tain rel a tively rare spec i mens (Kns12, Kns13, Kns18, Kns28
and Kns33).

De scrip tion. Cyst spher i cal, chorate, with strongly gran u lar periphragm (Fig. 65).
Intratabular pro cesses smooth, hol low, tubi form, dis tally open, with ser rate mar gin
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Fig. 64. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Homotryblium vallum (Kns3);
B, C – Homotryblium cf. vallum – deeply in cised pro cesses (same spec i men, var i ous foci; Kns3); D –
Homotryblium vallum (Kns6); E, F – Homotryblium plectilum – spec i men with short and thin
pro cesses (same spec i men, var i ous foci; Kns8); G, H – Homotryblium plectilum (same spec i men,
var i ous foci; Kns1); I, J – Homotryblium plectilum (same spec i men, var i ous foci; Kns1); K, L –
Homotryblium cf. plectilum (same spec i men, var i ous foci; Kns1); M, N – Homotryblium cf. plectilum
– large spec i mens (same spec i men, var i ous foci; Kns6); O, T – Homotryblium cf. plectilum – large
spec i mens (same spec i men, var i ous foci; Kns6); P, Q – Homotryblium abbreviatum (same spec i men,
var i ous foci; Kns3); R, S – Homotryblium pallidum (same spec i men, var i ous foci; Kns6)
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Fig. 65. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A–H –
Homotryblium tenuispinosum (A, B: Kns8 – A: com plete spec i men with de tached opercular part; B:
de tail show ing gran u lar struc ture of periphragm and smooth endophragm; in ner side of the lat ter is
well vis i ble; pro cess’ ex panded dis tal mar gin with spines vis i ble; C, D: Kns8 – C: spec i men of a
hypocyst; D: de tail show ing re la tion of periphragm and endophragm at the base of a pro cess; E, F, H:
Kns8 – E: spec i men of a hypocyst; F: de tail show ing dis tal ter mi na tion of a pro cess; H: de tail of a
pro cess base show ing re la tion of gran u lar periphragm and smooth endophragm; G: spec i men with
pro cesses cov ered by very del i cate re tic u late struc ture, Kns8)
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Fig. 66. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A, B –
Homotryblium aculeatum (Kns5; A: hypocyst; B: de tail show ing long spines that ter mi nate dis tal part
of pro cesses); C, D – Homotryblium aculeatum (Kns5; C: de tail of smooth periphragm; D: hypocyst);
E – Homotryblium aculeatum (Kns5); F, G – Homtryblium aculeatum (Kns5; F: hypocyst; G: de tail
of the cyst show ing its smooth sur face); H – Homotryblium cf. plectilum (Kns5); I – Homotryblium
plectilum (Kns5); J, K – Homotryblium plectilum (Kns8; J – com plete spec i men; K: de tail show ing
periphragm and pro cesses)



(Fig. 65F). Bound aries be tween gran u lar periphragm and smooth endophragm at
pro cess bases vis i ble as dark cir cles (Fig. 65D, H). Archaeopyle epicystal.

Homotryblium vallum Stover 1977
(Fig. 64A, D)

1977 Homotryblium vallum n. sp.; Stover (1977), p. 79–80, pl. 3, figs. 45–48

Ma te rial. Rare spec i mens oc cur in sam ples Kns3, Kns6, Kns8, Kns13 and Kns33;
more fre quent in sam ple Kns17.

De scrip tion. Cyst subspherical, proximochorate, with finely gran u lar periphragm
and rather smooth to shagreenate endophragm. Intratabular pro cesses short and
wide, tu bu lar, hol low. Lon gi tu di nal ribs oc cur at the whole pro cess length. Pro -
cesses dis tally open. Dis tal pro cess parts slightly in cised along ribs, form ing secate
mar gins, which tend to ex pand.

Homotryblium cf. vallum Stover 1977
(Fig. 64B, C)

Ma te rial. Three spec i mens in sam ple Kns3.

De scrip tion. Cyst subspherical,with shagreenate periphragm and smooth endo-
phragm. Intratabular pro cesses mod er ately long (ap prox i mately of a half of the
cen tral body di am e ter), smooth, hol low, open, char ac ter ized by very deep in ci sions 
along lngitudinal ribs. In ci sions depth vari able, from up to a half of the pro cess
height, even up to the pro cess base. In the lat ter case, a sin gle pro cess con sists of
iso lated lists aris ing from a cir cu lar base. Archaeopyle epicystal.

Ge nus Hystrichosphaeridium Deflandre 1937

Type spe cies: Hystrichosphaeridium tubiferum (Ehrenberg 1838) Deflandre 1937

1937 Hystrichosphaeridium n. gen.; Deflandre (1937), p. 68
1966 Hystrichosphaeridium Deflandre 1937 emend.; Davey & Wil liams (1966b), p. 55–56

Hystrichosphaeridium salpingophorum (Deflandre 1935) Deflandre 1937
(Fig. 18H, Fig. 19K, N–S)

 1935 Hystrichosphaera salpingophora n. sp.; Deflandre (1935), p. 232, pl. 9, fig. 1
1937 Hystrichosphaeridium salpingophorum comb. nov.; Deflandre (1937), p. 70
1966 Hystrichosphaeridium salpingophorum (Deflandre 1935) emend.; Davey & Wil liams

(1966b), p. 61–62

Ma te rial. Rare spec i mens oc cur in sam ples Kns5–8, Kns12, Kns13, Kns17–19,
and Kns33; mod er ately com mon in Kns32.

De scrip tion. Cyst subspherical, chorate, with smooth to finely gran u lar wall
(ma jor ity of spec i mens have smooth cyst wall – only one spec i men has a gran u lar
wall – Fig. 19N). Intratabular pro cesses tubi form, hol low, smooth, dis tally open
and ex panded. Dis tal mar gins denticulate. Parasulcal pro cesses much thin ner and
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slen der (Fig. 19K, O, P). Pro cess length usu ally equals half of the cen tral body
di am e ter; oc ca sion ally their length slightly ex ceeds it (Fig. 19P, Q).

Dis cus sion. Spec i mens of H. salpingophorum from Koniusza have rel a tively short
pro cesses. This fea ture re sem bles spec i mens from the Lon don Clays de scribed by
Davey & Wil liams (1966b).

Ge nus Polysphaeridium Davey et Wil liams 1966

Type spe cies: Polysphaeridium subtile Davey et Wil liams 1966

1966 Polysphaeridium n. gen.; Davey & Wil liams (1966b), p. 91–92
1980 Polysphaeridium Davey et Wil liams 1966 emend.; Bujak, Downie, Eaton & Wil liams

(1980), p. 32, 34

Polysphaeridium subtile Davey et Wil liams 1966
(Fig. 67A–L)

1966 Polysphaeridium subtile n. sp.; Davey & Wil liams (1966b), p. 92, pl. 11, fig. 1
1980 Polysphaeridium subtile Davey et Wil liams 1966 emend.; Bujak, Downie, Eaton &

Wil liams (1980), p. 34

Ma te rial. A very fre quent spe cies in three sam ples rep re sent ing pale-col oured
marl (Kns3, Kns25 and Kns30), rare in sam ples Kns8 and Kns23, ab sent from
Kns4, Kns10, Kns24 and Kns27; rare spec i mens oc cur in sam ples rep re sent ing
dark-col oured mudstone: Kns5, Kns7, Kns12 and Kns14.

De scrip tion. Cyst subspherical chorate with densely gran u lar periphragm. Nu me-
r ous nontabular pro cesses hol low, cy lin dri cal, thin and slen der, dis tally open and
slightly ex panded with a smooth mar gin. Archaeopyle epicystal.

Polysphaeridium zoharyi (Rossignol 1962) Bujak, Downie,
Eaton et Wil liams 1980

(Fig. 53D)

1962 Hystrichosphaeridium zoharyi n. sp.; Rossignol (1962), p. 132, pl. 2, fig. 10
1980 Polysphaeridium zoharyi comb. nov.; Bujak, Downie, Eaton & Wil liams (1980), p. 34

Ma te rial. Fre quent spe cies in three sam ples rep re sent ing pale-col oured marl
(Kns3, Kns23, 30), rare in Kns24; ab sent from most of sam ples rep re sent ing
dark-col oured mudstone ex cept of Kns22 and Kns28 that yielded rare spec i mens.

De scrip tion. Cyst subspherical, chorate, with finely gran u lar periphragm. Nonta-
bular pro cesses smooth, cy lin dri cal, hol low, dis tally open. Archaeopyle epicystal.

Dis cus sion. This spe cies is very sim i lar to Polysphaeridium subtile. P. zoharyi is
dis tin guished from P. subtile by less nu mer ous pro cesses, which are shorter and
straight in con trast to lon ger and slen der pro cesses by P. subtile.
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Fig. 67. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Polysphaeridium subtile –
spec i men with paraplates of epicyst (Kns3); B, C – Polysphaeridium subtile (same spec i men, var i ous
foci; Kns3); D, E – Polysphaeridium subtile (same spec i men, var i ous foci; Kns3); F, G – Poly-
sphaeridium subtile (same spec i men, var i ous foci; Kns3); H – Polysphaeridium subtile (Kns3); I, J –
Polysphaeridium subtile (same spec i men, var i ous foci; Kns3); K – Polysphaeridium subtile (Kns3);
L – Polysphaeridium subtile – small spec i men (Kns5); M–P – Homotryblium conicum (same
spec i men, var i ous foci; Kns13); Q, R – Homotryblium caliculum (same spec i men, var i ous foci;
Kns10); S, T – Homotryblium caliculum (same spec i men, var i ous foci; Kns5)



Suborder UN CER TAIN
Fam ily UN CER TAIN

Ge nus Batiacasphaera Drugg 1970

Type spe cies: Batiacasphaera compta Drugg 1970

1970 Batiacasphaera n. gen.; Drugg (1970), p. 813
1975 Batiacasphaera Drugg 1970 emend.; Mor gan (1975), p. 161
1980 Batiacasphaera Drugg 1970 emend.; Dörhöfer & Davies (1980), p. 40

Batiacasphaera hirsuta Stover 1977
(Fig. 52F, G)

1977 Batiacasphaera hirsuta n. sp.; Stover (1977), p. 72–73, pl. 1, figs. 1–3

Ma te rial. A sin gle spec i men oc curs in sam ple Kns4.

De scrip tion. Cyst small, spher i cal, with wall cov ered by dense hair-like pro jec -
tions. Hairs densely packed but iso lated: sin gle ones do not con nect each other. No
other forms of pos i tive re lief. Api cal archaeopyle is the only trace of parata-
bulation.

Batiacasphaera micropapillata Stover 1977
(Fig. 52H, I, M)

1977 Batiacasphaera micropapillata n. sp.; Stover (1977), p. 73, pl. 1, figs. 7–8

Ma te rial. Rare spec i mens in sam ples Kns3, Kns4 and Kns6, Kns17, Kns19–22,
Kns28 and Kns30; mod er ately fre quent in sam ple Kns18.

De scrip tion. Cyst subspherical (all spec i mens wrin kled), thin-walled, prox i mate,
with api cal archaeopyle and ho mog e nous wall (un der op ti cal microscop), with
gran u late to papillate outer sur face. Dis tri bu tion of these re lief el e ments is very
dense, par tic u lar granulae are spaced very close to each other, which gives a
roughly appaearance of outer sur face of the cyst wall.

Batiacasphaera? reticulata (Davey 1969) Davey 1979
(Fig. 52P–S)

1969 Chytroeisphaeridia reticulata n. sp.; Davey (1969b), p. 14, pl. 4, figs. 3–4, 6
1979 Batiacasphaera reticulata comb. nov.; Davey (1979), p. 217
1997 Batiacasphaera? reticulata; Mohr & Mao Shaozhi (1997), p. 58

Ma te rial. Three spec i mens in sam ple Kns11.

De scrip tion. Cyst el lip soi dal, slightly elon gated, with rel a tively thick and rigid wall
cov ered with ir reg u lar, densely dis trib uted granulae, some of which tend to fuse.

Batiacasphaera sp. A
(Fig. 52L)

Ma te rial. Sin gle spec i mens in sam ples Kns3, Kns17, Kns21 and Kns33.
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De scrip tion. Cyst subspherical, prox i mate, with thin wall cov ered by densely
dis trib uted but iso lated, tiny tuberculae. Tuberculae cone-shaped, with trun cated,
slightly rounded dis tal ter mi na tions.

Batiacasphaera sp. B
(Fig. 52J, K, Fig. 53A, F)

Ma te rial. Sin gle spec i mens in sam ples Kns3 and Kns5 and two spec i mens in
sam ple Kns8.

De scrip tion. Cyst subspherical, prox i mate, with wall com posed of very thin
pedium and dense, ir reg u lar luxuriae. The latters give in op ti cal mi cro scope view a
gran u lar struc ture of the cyst wall (Fig. 52J, K). Pedium and luxuriae are well
vis i ble un der higher mag ni fi ca tion (SEM view: Fig. 53A, F). Ir reg u lar per fo ra tions
of the luxuriae may re sult from their alveolate na ture.

Batiacasphaera sp. C
(Fig. 52O, T, Fig. 53C)

Ma te rial. Sin gle spec i mens in sam ples Kns4 and Kns8.

De scrip tion. Cyst subspherical, prox i mate, with wall com posed of an in ner thin
and smooth layer (pedium), and hair-like pro jec tions densely aris ing from pedium.
Pro jec tions do not branch; they also show no con nec tions with each other.
Gen er ally, they grow hor i zon tally or at low an gle, and tend to trail. Archaeopyle
with an gu lar mar gins, pre sum ably api cal.

Dis cus sion. This spe cies re sem bles Batiacasphaera hirsuta by hairy cover of the
cyst wall. The lat ter, how ever, tend to trail at Batiacasphaera sp. C in con trast to
ver ti cal growth of the hairs at B. hirsuta.

Ge nus Cerebrocysta Bujak 1980

Type spe cies: Cerebrocysta bartonensis Bujak 1980

1980 Cerebrocysta n. gen.; Bujak in Bujak, Downie, Eaton & Wil liams (1980), p. 42

Cerebrocysta bartonensis Bujak 1980
(Fig. 45T–X, Fig. 51E)

1980 Cerebrocysta bartonensis n. sp.; Bujak in Bujak, Downie, Eaton & Wil liams (1980), p.
42, pl. 13, figs. 4–11

Ma te rial. Rare spec i mens oc cur in sam ples Kns10–12, Kns27 and Kns29; mod e-
r ately com mon in sam ples Kns3 and Kns4,.

De scrip tion. Cyst small, subspherical, prox i mate, with smooth wall cov ered by
low, ran domly ar ranged crest net work. Some crests show lin ear ar range ment; it
rather can not be linked to parasutural fea tures. Archaeopyle precingular, sin gle
paraplate in volved.
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Cerebrocysta cf. bartonensis Bujak 1980
(Fig. 45Y–Z1)

Ma te rial. Rare spec i mens oc cur in sam ple Kns25.

De scrip tion. This spe cies is sim i lar to C. bartonensis, from which it dif fers by
thicker cyst wall and more densely ar ranged crest net work.

Ge nus Chlamydophorella Cookson et Eisenack 1958

Type spe cies: Chlamydophorella nyei Cookson et Eisenack 1958

1958 Chlamydophorella n. gen.; Cookson et Eisenack (1958), p. 56
1983 Chlamydophorella Cookson et Eisenack 1958 emend.; Duxbury (1983), p. 41

Chlamydophorella sp.
(Fig. 16U–W)

Ma te rial. Sin gle spec i mens in sam ples Kns8, Kns10 and Kns11.

De scrip tion. Cyst el lip soi dal, elon gated, prox i mate, with periphragm cov ered with 
very short, solid pro cesses, oc ca sion ally united to form short ridges, dis tally
con nected by ectophragmal mem brane. Mem brane very thin, com monly dis rupted. 
Archaeopyle api cal.

Ge nus Dapsilidinium Bujak, Downie, Eaton et Wil liams 1980

Type spe cies: Dapsilidinium pastielsii (Davey et Wil liams 1966b) Bujak, Downie, Eaton et
Wil liams 1980

1980 Dapsilidinium n. gen.; Bujak, Downie, Eaton & Wil liams (1980), p. 27–28

Dapsilidinium pseudocolligerum (Stover 1977) Bujak, Downie, Eaton et
Wil liams 1980

(Fig. 20J, K, Fig. 34S–Z, Fig. 53E)

1977 Polysphaeridium pseudocolligerum n. sp.; Stover (1977), p. 74–75, pl. 1, figs. 14–19
1980 Dapsilidinium pseudocolligerum comb. nov.; Bujak, Downie, Eaton & Wil liams (1980),

p. 28

Ma te rial. Rare spec i mens oc cur in sam ples Kns5, Kns6, Kns8, Kns11, Kns13,
Kns17, Kns19, Kns23, Kns25 and Kns31; more com mon in sam ples Kns10 and
Kns12, Kns18; very fre quent in sam ple Kns27. A sin gle spec i men was found in the
Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst subspherical, chorate, with finely (e.g., Fig. 34S, Z) to coarsely
(Fig. 20J, Fig. 34U) gran u lar wall and nu mer ous nontabular pro cesses. Pro cesses
hol low, smooth to finely fi brous, com monly cov ered with very tiny thorn-like
pro jec tions (well vis i bly un der SEM: see Fig. 20J), gen er ally thin, broad at base,
get ting nar row topwards, dis tally open with slightly ex panded smooth mar gins.
Archaeopyle api cal.
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Ge nus Distatodinium Eaton 1976

Type spe cies: Distatodinium craterum Eaton 1976

1976 Distatodinium n. gen.; Eaton 1976, p. 262–263

Distatodinium craterum Eaton 1976
(Fig. 55E, I)

1976 Distatodinium craterum n. sp.; Eaton (1976), p. 263–264, pl. 9, figs 1–5

Ma te rial. Sin gle spec i mens oc cur in sam ples Kns6–9.

De scrip tion. Cyst elon gated, el lip soi dal, rel a tively small, chorate, with smooth
wall and pro cesses in precingular, postcingular and antapical po si tions (spec i men
has no api cal part). Pro cesses hol low, smooth, dis tally branched with ir reg u lar
branch sys tem. Pro cesses iso lated, no dis tal con nec tion among pro cesses bran-
chings. Archaeopyle api cal.

Distatodinium ellipticum (Cookson 1965) Eaton 1976
(Fig. 55A, B, F–H)

1965 Hystrichosphaeridium ellipticum n. sp.; Cookson (1965a), p. 87–88, pl. 11, figs. 1–3, 3a
1976 Distatodinium ellipticum comb. nov.; Eaton (1976), p. 264

Ma te rial. Rare spec i mens oc cur in sam ples rep re sent ing dark-col oured mudstone:
Kns5–7, Kns9, Kns12 and Kns13, Kns18, Kns20–22.

De scrip tion. Cyst elon gated, chorate, with nu mer ous (more than 40) hol low,
dis tally branched pro cesses, and shagreenate to finely gran u lar cyst wall. Pro cesses
usu ally iso lated ex cept of antapical ones, which oc ca sion ally arise from com mon
base (e.g., Fig. 55B). Dis tal branch ing ir reg u lar, long; no dis tal con nec tion among
pro cesses. Archaeopyle api cal. Ma jor ity of spec i mens rel a tively large (Fig. 55A,
B), but some spec i mens have shorter cen tral bod ies and rel a tively lon ger pro cesses
(Fig. 55F–H).

Distatodinium ?scariosum Liengjarern, Costa et Downie 1980
(Fig. 55O–Q)

1980 Distatodinium scariosum n. sp.; Liengjarern et al. (1980), p. 477, 481, pl. 54, fig. 3

Ma te rial. A sin gle spec i men was found in sam ple Kns17.

De scrip tion. Cyst elon gated, with short, hol low, dis tally slightly ex panded pro ce-
sses ter mi nated with short spines. Pro cesses seem to be intratabular aris ing from
each paraplate in clud ing the paracingular se ries, ex cept of the antapical area where
more nu mer ous pro cesses are pres ent

Dis cus sion. This spe cies was ques tion ably as signed to D. scariosum on the base of
over all shape and pro cesses mor phol ogy. How ever, D. scariosum lacks paracin-
gular pro cesses, which are pres ent on the spec i men from Koniusza.
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Distatodinium virgatum Stover 1977
(Fig. 55C, D)

1977 Distatodinium virgatum n. sp.; Stover (1977), p. 75–76, pl. 1, figs. 20–21

Ma te rial. A sin gle spec i men in sam ple Kns13.
De scrip tion. Cyst elon gated, chorate, with smooth wall and nu mer ous,

nontabular pro cesses. Pro cesses hol low, smooth, and rel a tively short in re la tion to
the main cyst body, dis tally bi fur cated or trifurcated with out fur ther branch ing.
Some pro cesses are prox i mally con nected by low mem bra nous ridges with con vex
mar gins. De scribed spec i men has adnate operculum.

Ge nus Heslertonia Sarjeant 1966

Type spe cies: Heslertonia heslertonensis (Neale et Sarjeant 1962) Sarjeant 1966

1966 Heslertonia n. gen.; Sarjeant (1966), p. 133
1980 Heslertonia Sarjeant 1966 emend.; Duxbury (1980), p. 123

Heslertonia? sp.
(Fig. 32A, N, O)

Ma te rial. Sin gle spec i mens in sam ples Kns5 and Kns8.

De scrip tion. Cen tral body small, spher i cal, with smooth cyst wall and high ridges.
Ridges height al most equal to the cen tral body di am e ter, smooth, hyalinous, with
thick en ings along the arched dis tal mar gins. Archaeopyle not ob served.

Ge nus Heterosphaeridium Cookson et Eisenack 1968

Type spe cies: Heterosphaeridium conjunctum Cookson et Eisenack 1968

1968 Heterosphaeridium n. gen.; Cookson et Eisenack 1968, p. 115
1981 Heterosphaeridium Cookson et Eisenack 1968 emend.; Yun Hyesu 1981, p. 45–46

Heterosphaeridium sp. A
(Fig. 26B, C, Fig. 59A–C, E–T, Fig. 60B–T)

Ma te rial. Rare (Kns2, Kns18, Kns22, and Kns31) to mod er ately fre quent (Kns1,
Kns5–7, Kns9, Kns11–14, Kns17, Kns19–21 and Kns28) in sam ples rep re sent ing
dark-col oured mudstone; ab sent from sam ples rep re sent ing pale-col oured marl, or
pres ent there as sin gle spec i mens only (Kns3 and Kns4).

De scrip tion. Cyst subspherical, proximochorate, with rel a tively thick and smooth
periphragm and nontabular pro cesses of var i ous shapes. Pro cesses slen der, solid
and hol low, usu ally with broad bases, com monly united in pairs or three, dis tally
ta per ing and closed. Archaeopyle api cal with zig zag mar gin.

Ge nus Reticulatosphaera Matsuoka 1983

Type spe cies: Reticulatosphaera actinocoronata (Benedek 1972) Bujak et Matsuoka 1986

1983 Reticulatosphaera n. gen.; Matsuoka (1983), p. 116
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1986 Reticulatosphaera Matsuoka 1983 emend.; Bujak & Matsuoka (1986), p. 238

Reticulatosphaera actinocoronata (Benedek 1972) Bujak et Matsuoka 1986
(Fig. 32F–J)

1972 Cleistosphaeridium actinocoronatum n. sp.; Benedek (1972), p. 34, pl. 12, fig. 13;
text-fig. 13

1986 Reticulatosphaera actinocoronata comb. nov.; Bujak & Matsuoka (1986), p. 238
1986 Reticulatosphaera actinocoronata (Benedek 1972) emend.; Bujak & Matsuoka (1986), p. 

238–239

Ma te rial. Rare spec i mens in sam ples Kns6, Kns12, Kns13.

De scrip tion. Cyst small, spher i cal, chorate, with smooth wall and solid, rel a tively
mas sive, long pro cesses (up to the cen tral body di am e ter). Pro cesses dis tally sim ply 
branched, usu ally into two thick branches, which fur ther branch into ir reg u lar net
of thin and slen der branches. These del i cate branches of par tic u lar pro cess do not
con nect with the ones of an other pro cess.

Ge nus Sepispinula Is lam 1993

Type spe cies: Sepispinula ancorifera (Cookson et Eisenack 1960) Is lam 1993

1993 Sepispinula n. gen.; Is lam (1993), p. 88

Sepispinula? ambigua (Deflandre 1937) Masure 2004
(Fig. 16X, Y)

1937 Micrhystridium ambiguum n. sp. ; Deflandre (1937), p. 81, pl. 16, figs 8–9
1978 Cleistosphaeridium ambiguum comb. nov.; Jiabo (1978), p. 60
1981 Polysphaeridium ambiguum comb. nov.; Yun Hyesu (1981), p. 44
1987 Chlamydophorella ambigua comb. nov.; Stover & Helby (1987), p. 277
1990 Dapsilidinium ambiguum comb. nov.; Wheeler & Sarjeant (1990), p. 310–111
1994 Gorgonisphaeridium ambiguum comb. nov.; Sarjeant & Stancliffe (1994), p. 31
2004 Sepispinula? ambigua comb. nov.; Masure in Fauconnier & Masure (2004), p. 500

Ma te rial. Sin gle spec i mens in sam ples Kns12 and Kns14.

De scrip tion. Cyst subspherical, proximochorate, with smooth wall and nontabular
pro cesses. Proceses tubi form, sligthly broader and hol low at the base, grad u ally
nar row ing and get ting solid in the mid dle part. Pro cess tubes dis tally slightly
broader, ter mi nated with paralell branchings. The lat ter com monly united by very
thin, noncontinous mem brane. Archaeopyle api cal.

Ge nus et spe cies indetermined A
(Fig. 52A–C)

Ma te rial. A sin gle spec i men in sam ple Kns8.

De scrip tion. Cyst small, spher i cal, prox i mate, with low ridges, pre sum ably in para-
sutural po si tion. Ridges of ir reg u lar height: el e vated sec tions with smooth mar gins
pass into much lower, poorly de vel oped ones. Archaeopyle type not rec og niz able.
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Dis cus sion. Ge nus et spe cies indet. A re sem bles the ge nus “Imperfectodinium”
pro posed by Zevenboom & Santarelli (in Zevenboom, 1995), which was re garded by
Fensome & Wil liams (2004) as not val idly pub lished. A char ac ter is tic fea ture of this
ge nus is in com plete de vel op ment of parasutural fea tures ex pressed manly by crests
or septae. This fea ture made tax o nom i cal al lo ca tion of the spec i men from Koniusza
to this ge nus. How ever, not cer tain archaeopyle type makes this ques tion able.

Ge nus et spe cies indetermined B
(Fig. 52D, E)

Ma te rial. A sin gle spec i men in sam ple Kns12.

De scrip tion. Cyst small, with spher i cal cen tral body and long pro cesses (their
length equals or slightly ex ceeds ½ of the cen tral body di am e ter). Pro cesses
con nected by mem bra nous septa, their height equals that of pro cesses. Archaeo-
pyle type not cer tain, pre sum ably api cal.

Dis cus sion. This spec i men su per fi cially re sem bles the ge nus Labyrinthodinium.
But the lat ter ge nus has much shorter pro cesses and api cal archaeopyle; its
strati graphic range is lim ited to Mio cene (see de Verteuil & Norris, 1996).

Ge nus et spe cies indetermined C
(Fig. 84E, H, I)

Ma te rial. This spe cies oc curs rel a tively fre quently in sam ples Kns23 and Kns25; a
few spec i mens of this spe cies were found in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst large, prox i mate, with foveolate wall. Lu mina cir cu lar, up to 2–3 
µm in di am e ter, reg u larly dis trib uted and iso lated. Up per sur face of the cyst wall
finely rugulate. Archaeopyle api cal, operculum free.

Or der PERIDINIALES Haeckel 1894
Suborder PERIDINIINEAE (Auto nym)

Fam ily PERIDINIACEAE Ehrenberg 1831
Subfamily DEFLANDREOIDEAE Bujak et Davies 1983

Ge nus Deflandrea Eisenack 1938

Type spe cies: Deflandrea phosphoritica Eisenack 1938

1938 Deflandrea n. gen.; Eisenack (1938), p. 187
1966 Deflandrea Eisenack 1938 emend.; Wil liams & Downie (1966c), p. 231
1974 Deflandrea Eisenack 1938 emend.; Stover (1974), p. 169–170
1976 Deflandrea Eisenack 1938 emend.; Lentin & Wil liams (1976), p. 35–36

Deflandrea arcuata Vozzhennikova 1967
(Fig. 68E–G)

1967 Deflandrea arcuata n. sp.; Vozzhennikova (1967), p. 143-144, pl. 66, fig. 1; pl. 68, figs.
3a-b
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1990 Deflandrea arcuata Vozzhennikova 1967 emend.; Lentin & Vozzhennikova (1990), p.
50 

Ma te rial. Rare to mod er ately com mon spec i mens in sam ples Kns2, Kns3, Kns18,
Kns19, Kns22, Kns25, Kns26 and Kns33.

De scrip tion. Cyst circumcavate to bicavate, with ovoidal endocyst and al most
ovoidal pericyst, its width is slightly higher than its length. Endophragm thick and
gran u lar (Fig. 68E) to vermiculate (Fig. 52G); periphragm much thin ner and
smooth. One short api cal horn, and two antapical ones, broad and short. Antapical
horns sep a rated by short con cav ity. 

Deflandrea granulata Menéndez 1965
(Fig. 69E-N)

1965 Deflandrea granulata n. sp.; Menéndez (1965), p. 9-10, pl. 1, fig. 4.

Ma te rial. This spe cies is fre quent in two sam ples rep re sent ing pale-col oured marl
(Kns3 and Kns4); a few spec i mens oc cur in sam ples Kns30 and Kns33. A sin gle
spec i men oc curs in the Hi ero glyphic beds (KnsH2).

De scrip tion. Cyst bicavate, with ovoidal endocyst and thin periphragm com posed
of closely spaced ir reg u lar grains and elon gated granulae, which make an ap pea-
r ance of an abra sive pa per. Api cal and two antapical horns blunt; antapical horns
poorly de vel oped, they are sep a rated by weakly de vel oped con cav ity.

Deflandrea heterophlycta Deflandre et Cookson 1955
(Fig. 68H–J, L–O, Fig. 80J)

1955 Deflandrea heterophlycta n. sp.; Deflandre & Cookson (1955), p. 249–250, pl. 5, fig. 6;
text-fig. 5

Ma te rial. Mod er ately com mon to very fre quent in all sam ples rep re sent ing dark-
col oured mudstone; ab sent in most of sam ples rep re sent ing pale-col oured marl
ex cept of sam ple Kns30 that yielded a few spec i mens.

De scrip tion. Cyst peridinioid, circumcavate to bicavate, with ovoidal endocyst,
with thick, finely gran u lar endophragm cov ered by very prom i nent tu ber cules (Fig. 
80J). The lat ter tend to group in pe riph eral ar eas of the endocyst, es pe cially at
antapical part; cen tral part is com pletely free of tu ber cules. Periphragm smooth;
some spec i mens bear very tiny spicules grouped in intratabular ar eas sep a rated by
parasutural bands free of spicules. Well de vel oped api cal and two antapical horns;
the lat ter of al most equal size, sep a rated by con cave antapex mar gin.

Deflandrea leptodermata Cookson et Eisenack 1965
(Fig. 68A–D)

1965 Deflandrea leptodermata n. sp.; Cookson & Eisenack (1965a), p. 121–122, pl. 11, figs.
6–7

Ma te rial. Rare spec i mens in sam ples Kns3, Kns4, Kns30 and Kns33.
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Fig. 68. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Deflandrea leptodermata
(Kns3); B – Deflandrea leptodermata (Kns3); C – Deflandrea leptodermata (Kns3); D – Deflandrea
leptodermata (Kns4); E – Deflandrea arcuata (Kns3); F – Deflandrea arcuata (Kns2); G –
Deflandrea arcuata (Kns2); H – Deflandrea heterophlycta (Kns2); I, J – Deflandrea heterophlycta
(same spec i men, var i ous foci; Kns5); K – Deflandrea phosphoritica (Kns13); L – Deflandrea
heterophlycta (Kns5); M – Deflandrea heterophlycta (Kns1); N – Deflandrea heterophlycta (Kns5);
O – Deflandrea heterophlycta (Kns1)



De scrip tion. Cyst peridinioid, bicavate, with ovoidal endocyst, with finely to
coarsly gran u lar endophragm. Periphragm thin, smooth to shagreenate. Pericyst
rel a tively long, with short blunt api cal horn, and two antapical horns, poorly
de vel oped, blunt, form ing al most straight line of the antapex mar gin be tween them.
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Fig. 69. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Deflandrea with fungi traces 
(same spec i men, var i ous foci; Kns3); C, D – Deflandrea with fungi traces (same spec i men, var i ous
foci; Kns4); E – Deflandrea granulata (Kns3); F – Deflandrea granulata (Kns4); G – Deflandrea
granulata (Kns3); H – Deflandrea granulata (Kns3); I – Deflandrea granulata (Kns4); J –
Deflandrea granulata (Kns3); K – Deflandrea granulata (Kns3); L – Deflandrea granulata (Kns3);
M – Deflandrea granulata (Kns4); N – Deflandrea granulata (Kns4); O, P – Deflandrea with fungi
traces (same spec i men, var i ous foci; Kns4)



Deflandrea phosphoritica Eisenack 1938
(Fig. 68K, Fig. 69A–D, O, P, Fig. 70A–N, Fig. 80K)

1938 Deflandrea phosphoritica n. sp.; Eisenack (1938), p. 187, text-fig. 187

Ma te rial. Fre quent in all sam ples rep re sent ing dark-col oured mudstone; ab sent in
most of sam ples rep re sent ing pale-col oured marl show var i ous fre quen cies of this
spe cies: fre quent in sam ples Kns3 and Kns30, rare in sam ples Kns4, Kns8, Kns10,
Kns25 and Kns27, ab sent from sam ples KnsKns23 and Kns24.

De scrip tion. Cyst peridinioid, bicavate to circumcavate, with one api cal and two
antapical horns, the lat ter usu ally of sim i lar lengths, sep a rated by con cav ity.
Endocyst ovoidal, with endophragm thicker than periphragm, shagreenate to finely 
gran u lar. Periphragm smooth, cov ered in ma jor ity of spec i mens by very fine
pro jec tions grouped in intratabular ar eas, sep a rated from each oth ers by smooth
parasutural bands. Paracingulum usu ally in di cated by lin ear ar range ment of these
pro jec tions. Parasulcus usu ally not vis i ble or only de tect able as small de pres sion
de void of pos i tive re lief. Archaeopyle intercallary.

Re marks. Spec i mens in cluded to this spe cies show cer tain vari abil ity in mor pho-
l ogy re lated mainly to pericyst shape and its re la tion to endocyst. Some spec i mens
are bicavate forms, rounded, with pericyst in close con tact with endocyst in para-
cingular ar eas (Fig. 70H). The oth ers are pen tag o nal, hav ing periphragm sep a rated
from endophragm in paracingular area. Some dif fer ences are also ob served in peri-
phragm re lief, which in clude smooth to var i ously or na mented spec i mens; pos i tive
or na men ta tion is never prom i nent, usu ally con sists of tiny gran ules or spines, com -
monly ar ranged in intratabular clus ters.

Some spec i mens of Deflandrea in sam ples Kns3 and Kns4 have periphragm
cov ered with amoebiform, ra dial struc tures in the shape of as ter isks (Fig. 69A–D,
O, P). Dis tri bu tion den sity of these struc tures may vary from spec i men to spec i -
men: in case of denser or na men ta tion, periphragm be comes slightly gran u lar ap -
pear ance (Fig. 69A, B). Other spec i mens have smooth periphragm with in fre quent,
iso lated amoebiform struc tures. It is not cer tain if the pres ence of these ra dial struc -
tures on Deflandrea spec i mens from sam ples Kns3 and Kns4 re flects tax o nom i cal
di ver sity. Sim i lar struc tures were de scribed by Gocht (1969, p. 87, 89) on some
Palaeogene dinoflagellate cysts. He in ter preted them as traces of fungi ac tiv ity and
noted some sim i lar i ties to those de scribed by Elsik (1966) on fos sil sporomorphs
(see also e.g., Palamarczuk & Barreda, 1998, pl. 3, fig. 11). Gocht (1966, p. 89)
noted se lec tive oc cur rence of these struc tures: they ap pear on Wetzeliella and
Deflandrea spec i mens only, whereas spec i mens of other taxa from the same sam ple 
are in tact. The same phe nom e non is ob served in Koniusza ma te rial. Amoebiform
struc tures ap pear on some Deflandrea spec i mens only, whereas other spe cies from
the same sam ples show no sim i lar traces.
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Fig. 70. Dinoflagellate cysts from the Popiele beds at Koniusza. A–N – Deflandrea phosphoritica
(A–C: same spec i men, var i ous foci; Kns1; D: Kns1; E–G: same spec i men, var i ous foci; Kns5; H:
Kns12; I–K: same spec i men, var i ous foci; Kns1; L–N: same spec i men, var i ous foci; Kns5)
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Fig. 71. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Lentinia serrata (Kns13); B, C
– Lentinia serrata (same spec i men, var i ous foci; Kns1); D – Lentinia serrata (Kns5); E – Lentinia
serrata (Kns5); F, G – Lentinia serrata (same spec i men, var i ous foci; Kns5); H – Lentinia serrata
(Kns6); I – Lentinia serrata (Kns6); J – Lentinia serrata (Kns6); K, L – Lentinia serrata (same
spec i men, var i ous foci; Kns12); M – Lentinia serrata (Kns12); N – Lentinia serrata (Kns7); O, P –
Lentinia serrata (same spec i men, var i ous foci; Kns7); Q–T – Indetermined peridinoids (Q: Kns1, R:
Kns5, S: Kns5, T: Kns3); U–W – Vozzhennikovia sp. (same spec i men, var i ous foci; Kns2); X –
Vozzhennikovia sp. (Kns2)



Ge nus Lentinia Bujak 1980

Type spe cies: Lentinia serrata Bujak 1980

1980 Lentinia n. gen.; Bujak in Bujak et al. (1980), p. 69

Lentinia serrata Bujak 1980
(Fig. 71A–P)

1980 Lentinia serrata n. sp.; Bujak in Bujak et al. (1980), p. 71–72, pl. 18, figs. 7–12;
text-figs. 18A–F, 19
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Fig. 72. Dinoflagellate cysts from the Popiele beds at Koniusza. A–L– Phthanoperidinium?
eocenicum (A–F: Kns5, D, E: same spec i men, var i ous foci; G: Kns7; H, I: Kns12; J–L: Kns6); M–R,
T–X – Vectidinium? sp. (M, N: Kns6; O–R: Kns5, O, P: same spec i men, var i ous foci; T–X: Kns11); S
– Palaeocystodinium golzowense (Kns5)



Ma te rial. Rare in sam ples Kns1, Kns5, Kns6, Kns12, Kns13, Kns22, Kns26 and
Kns32, more fre quent in sam ples Kns7 and Kns8.

De scrip tion. Cyst peridinioid, cornucavate with one api cal and two, sym met ri cally 
placed antapical horns of equal length. Pericyst wid est in paracingular area.
Periphragm smooth with small denticles, com monly of lin ear ar range ment. Archa-
eopyle in ter ca lary 2a, large. This spe cies in the ma te rial stud ied shows di ver sity in
epi- and hypocyst length ra tio. Some spec i mens have paracingulum placed sym me- 
t ri cally, di vid ing pericyst into epicyst and hypocyst of ap prox i mately equal length
(Fig. 71K). Ma jor ity of spec i mens have lon ger epicyst than hypocyst (e.g., Fig.
71A, B, E), but some spec i mens have very unsymetrically placed paracingulum
that di vides pericyst into very short hypocyst and much lon ger epicyst (Fig. 71F, G,
J, O, P). Colouration of pericyst is uni form: some spec i mens are brown ish- pig men- 
ted (Fig. 71A, H, I), whereas ma jor ity of L. serrata spec i mens are pale- col oured.

Ge nus Palaeocystodinium Al ber ti 1961

Type spe cies: Palaeocystodinium golzowense Al ber ti 1961

1961 Palaeocystodinium n. gen.; Al ber ti (1961), p. 20

Palaeocystodinium golzowense Al ber ti 1961
(Fig. 72S)

1961 Palaeocystodinium golzowense n. sp.; Al ber ti (1961), p. 20, pl. 7, figs. 10–12; pl. 12, fig. 
16

Ma te rial. Sin gle spec i mens in sam ples Kns5, Kns7, Kns8, Kns12 and Kns22.

De scrip tion. Cyst cornucavate, strongly elon gated, with one api cal and one
antapical, long, capitate horn. Periphragm smooth and thin, densely folded. Archa-
eopyle not vis i ble.

Ge nus Vozzhennikovia Lentin et Wil liams 1976

Type spe cies: Vozzhennikovia apertura (Wil son 1967a) Lentin et Wil liams 1976

1976 Vozzhennikovia n. gen.; Lentin & Wil liams (1976), p. 65–66

Vozzhennikovia sp.
(Fig. 71U–X, Fig. 80H)

Ma te rial. Two spec i mens in sam ple Kns2. A sin gle spec i men was found in sam ple
Kns3 dur ing SEM ob ser va tions.

De scrip tion. Cyst peridinioid, ovoidal, com pressed, cornucavate, with smooth and 
thin periphragm cov ered by ir reg u lar echinae. One blunt api cal horn and one
acuminate short antapical horn [right antapical horn ab sent (Fig. 71X) or strongly
re duced (Fig. 71U)]. Paracingulum in di cated by two par al lel faint denticulate
ridges. Archaeopyle not vis i ble.

SYS TEM ATIC PART 159



Subfamily PALAEOPERIDINIOIDEAE (Vozzhennikova 1961) Bujak et
Davies 1983

Ge nus Phthanoperidinium Drugg et Loeblich Jr. 1967

Type spe cies: Phthanoperidinium amoenum Drugg et Loeblich Jr. (1967)

1967 Phthanoperidinium n. gen.; Drugg & Loeblich Jr. (1967), p. 182
1981 Phthanoperidinium Drugg et Loeblich Jr. 1967 emend.; Ed wards & Bebout (1981), p. 36
1982 Phthanoperidinium Drugg et Loeblich Jr. 1967 emend.; Is lam (1982), p. 306

Phthanoperidinium alectrolophum Eaton 1976
(Fig. 73S–V, Fig. 74D, E, G–I)

1976 Phthanoperidinium alectrolophum n. sp.; Eaton (1976), p. 295, 298, pl. 17, figs. 10–11;
text-fig. 23A

Ma te rial. Rare spec i mens in sam ples Kns5, Kns6, Kns8, Kns18 and Kns30.

De scrip tion. Cyst subspherical, prox i mate, with short api cal horn. Cyst wall
smooth, parasutural ridges low with denticulate mar gins (Fig. 74E, I).

Phthanoperidinium comatum (Morgenroth 1966) Eisenack et Kjellström 1972
(Fig. 73C–K, Fig. 74B, C)

1966 Peridinium comatum n. sp.; Morgenroth (1966b), p. 1, pl. 1, figs. 1–2
1972 Phthanoperidinium comatum comb. nov.; Eisenack & Kjellström (1972), p. 907

Ma te rial. Rare to mod er ately fre quent in most of sam ples rep re sent ing dark-
col oured mudstone (Kns1, Kns5–7, Kns13, Kns14, Kns20–22, Kns28, Kns29,
Kns31 and Kns32); fre quent in sam ple Kns12; ab sent from sam ples rep re sent ing
pale-col oured marl.

De scrip tion. Cyst elon gated el lip soi dal to slightly po lyg o nal, chorate, with short,
blunt api cal horn and tiny pro jec tion pres ent on antapex. Paracingular ridges low,
smooth. Long solid, slen der, dis tally slightly branched pro cesses arise from these
ridges. How ever, some spec i mens from Koniusza show in com plete de vel op ment
of smooth ridges, which par tially are re placed by rows of short hair-like pro jec tions 
(Fig. 75C). Paraplate ar eas smooth, cov ered with var i ous forms of pos i tive re lief
(best vis i ble un der SEM – Fig. 75B, C). Some spec i mens have intratabular ar eas
cov ered with ir reg u larly scat tered small granulae (Fig. 75C). More com mon are
spec i mens with ad di tional rows of hair-like pro jec tions sep a rated from parasutural
ridges by smooth bands (Fig. 75B).

Phthanoperidinium delicatum Michoux 1985
(Fig. 73N–R, Fig. 85A)

1985 Phthanoperidinium delicatum n. sp.; Michoux (1985), p. 147–148, pl. 2, figs. 1–4; pl. 3,
figs. 1–5, 13–14

Ma te rial. Two spec i mens in sam ple Kns4; three spec i mens in the Hi ero glyphic
beds (KnsH2).
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Fig. 73. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Phthanoperidinium
stockmansii (same spec i men, var i ous foci; Kns1); C – Phthanoperidinium comatum (Kns1); D, E –
Phthanoperidinium comatum (same spec i men, var i ous foci; Kns5); F, G – Phthanoperidinium
comatum (same spec i men, var i ous foci; Kns1); H – Phthanoperidinium comatum (Kns6); I –
Phthanoperidinium comatum (Kns12); J – Phthanoperidinium comatum (Kns6); K – Phthano-
peridinium comatum (Kns5); L, M – Phthanoperidinium stockmansii (same spec i men, var i ous foci;
Kns6); N, O – Phthanoperidinium delicatum (same spec i men, var i ous foci; Kns4); P–R – Phthano-
peridinium delicatum (same spec i men, var i ous foci; Kns4); S–V – Phthanoperidinium alectrolophum
(same spec i men, var i ous foci; Kns6); W – Phthanoperidinium alectrolophum (Kns8)



De scrip tion. Cyst peridinioid, subspherical to rounded po lyg o nal, with short blunt
api cal horn and two poorly de vel oped antapixcal ones. Parasutural ridges very low.
Short pro cesses of ir reg u lar shape, com monly bi fur cate, arise from these ridges.

Phthanoperidinium? eocenicum (Cookson et Eisenack 1965)
Lentin et Wil liams 1973

(Fig. 72A–L, Fig. 74A)

1965 Peridinium eocenicum n. sp.; Cookson & Eisenack (1965), p. 119–120, pl. 11, figs. 1–5
1973 Phthanoperidinium? eocenicum comb. nov.; Lentin & Wil liams (1973), p.113

Ma te rial. Rare spec i mens in sam ples Kns5–7, Kns12, Kns19 and Kns27.

De scrip tion. Cyst peridinioid, fusiform, with one api cal and two antapical horns;
one of the lat ter usu ally re duced. Epicyst and hypocyst sep a rated by helicoidal
paracingulum. Paraplates sep a rated by smooth ridges, which oc ca sion ally bear rare 
short pro cesses.

Phthanoperidinium stockmansii (de Coninck 1975) Lentin et Wil liams 1977
(Fig. 73A, B, L, M, Fig. 74F)

1975 Peridinium stockmansii n. sp.; de Coninck (1975), p. 97–98, pl. 17, figs. 18–37
1977 Phthanoperidinium stockmansii comb. nov.; Lentin & Wil liams (1977b), p. 131

Ma te rial. Sin gle spec i mens in sam ples Kns1, Kns3, Kns5 and Kns6.

De scrip tion. Cyst peridinioid, slightly elon gated, subpolygonal, with short api cal
horn. Parasutural fea tures shown, be side the archaeopyle, by rows of very tiny
spines lo cated along the paraplates bound aries. Archaeopyle in ter ca lary.

Ge nus Vectidinium Liengjarern, Costa et Downie 1980

Type spe cies: Vectidinium stoveri Liengjarern, Costa et Downie 1980

1980 Vectidinium n. gen.; Liengjarern et al. (1980), p. 490

Vectidinium? sp.
(Fig. 72M–R, T–X)

2004 Vectidinium sp.; Gedl (2004a), fig. 8a

Ma te rial. Rare in sam ples Kns4–7, Kns22 and Kns28; mod er ately fre quent in
sam ples Kns11 and Kns12.

De scrip tion. Cyst com pressed peridinioid, with one blunt api cal horn and two
acuminate short antapical horns, of which one may be re duced. Cyst wall smooth
and thin, cov ered by ir reg u lar, sparsely dis trib uted echinae. Paracingulum in di ca-
ted by a de pres sion bor dered by two par al lel denticulate ridges. Archaeopyle
in ter ca lary, three in ter ca lary paraplates in volved. Paraplates adnate to the paracin-
gular paraplates along their mar gins, sep a rated else where.

This spe cies has been ques tion ably in cluded to the ge nus Vectidinium due to un -
cer tain prob lem of cyst wall re la tion. Ma jor ity of spec i mens are acavate (e.g., Fig.
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Fig. 74. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A –
Phthanoperidinium? eocenicum (Kns5); B – Phthanoperidinium comatum (Kns5); C – Phthanoperi-
dinium comatum (Kns5); D, E – Phthanoperidinium alectrolophum (Kns5; D: com plete spec i men; E:
de tail show ing parasutural ridges with denticulate mar gins); F – Phthanoperidinium stockmansii
(Kns5); G, I – Phthanoperidinium alectrolophum (Kns5; D: com plete spec i men; E: de tail show ing
parasutural ridges with denticulate mar gins); H – Phthanoperidinium alectrolophum (Kns5)



72T, U, X) but some of them seem to be cornucavate (Fig. 72M, Q, R) with de vel -
oped epipericoel. How ever, due to very del i cate cyst wall, which is com monly
folded, pres ence of these epipericoels is not cer tain. Sim i lar spe cies was de scribed
by Gedl (2004a) from the top most part of the Leluchów Marl Mem ber (Magura
Nappe, Carpathians, Po land).

Indetermined peridinioids
(Fig. 71Q, R, S, T, Fig. 80G)

Ma te rial. Rare spec i mens in sam ples Kns1, Kns3, Kns5, Kns17, Kns19, Kns20,
Kns22, Kns28 and Kns33. A sin gle spec i men was found in sam ple Kns8 dur ing
SEM ob ser va tions.

De scrip tion. A few spec i mens of peridinioids, which due to their pres er va tion have 
not been pre cisely de ter mined. These are small, com pressed peridinioid cysts with
one api cal horn and two acuminate short antapical horns, of which one may be
re duced. Their cyst wall is smooth, thin and com monly densely folded. Pericoel
pres ence and archaeopyle type is un cer tain.

Subfamily WETZELIELLOIDEAE (Vozzhennikova 1961)
Bujak et Davies 1983

Ge nus Apectodinium (Costa et Downie 1976) Lentin et Wil liams 1977

Type spe cies: Apectodinium homomorphum (Deflandre et Cookson 1955) Lentin et Wil liams 1977

1976 Wetzeliella Apectodinium n. subg.; Costa & Downie (1976), p. 608
1977 Apectodinium comb. nov.; Lentin & Wil liams (1977b), p. 8

Apectodinium homomorphum (Deflandre et Cookson 1955) Lentin et Wil liams
1977

(Fig. 80I, Fig. 82A–C, Q)

1955 Wetzeliella homomorpha n. sp.; Deflandre & Cookson (1955), p. 254, pl. 5, fig. 7
1977 Apectodinium homomorphum comb. nov.; Lentin & Wil liams (1977b), p. 8
1979 Apectodinium homomorphum (Deflandre et Cookson 1955) Lentin et Wil liams 1977

emend.; Harland (1979c), p. 64

Ma te rial. It oc curs in sam ples rep re sent ing pale-col oured marl: sin gle spec i mens
in sam ples Kns3 and Kns4, a few spec i mens in sam ple Kns24.

De scrip tion. Cyst proximochorate, with rounded pen tag o nal out line; two spec i -
mens from sam ples Kns3 and Kns4 show faintly de vel oped antapical horns, which
make them sim i lar to Apectodinium parvum. Wall lay ers closely ad pressed, ex cept
of the lat ter ex am ples where small pericoels are de vel oped (Fig. 82B, D). Cyst wall
smooth (Fig. 82A) to finely gran u lar (Fig. 82C). Pro cesses nu mer ous, hol low,
evexate, oc ca sion ally branched. Archaeopyle not vis i ble.
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Ge nus Charlesdowniea Lentin et Vozzhennikova 1989

Type spe cies: Charlesdowniea coleothrypta (Wil liams et Downie 1966) Lentin et Vozzhennikova
1989

1989 Charlesdowniea n. gen.; Lentin & Vozzhennikova (1989), p. 225, 227

Charlesdowniea clathrata (Eisenack 1938) Lentin et Vozzhennikova 1989
(Fig. 75B, C, G, H, Fig. 76A–F)

1938 Wetzeliella clathrata n. sp.; Eisenack (1938), p. 187; text-fig. 5
1989 Charlesdowniea clathrata comb. nov.; Lentin & Vozzhennikova (1989), p. 227

Ma te rial. Rare spec i mens oc cur in sam ples mainly rep re sent ing dark-col oured
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Fig. 75. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Charlesdowniea coleothrypta
(Kns5); B, C – Charlesdowniea clathrata (same spec i men, var i ous foci; Kns11); D, E – Charles-
downiea coleothrypta (same spec i men, var i ous foci; Kns2); F – Charlesdowniea coleothrypta
(Kns2); G, H – Charlesdowniea clathrata (same spec i men, var i ous foci; Kns12)



mudstone: Kns5, Kns7, Kns10 and Kns12, Kns18, Kns20, Kns22, Kns26, Kns28
and Kns30; fre quent in sam ple Kns11.

De scrip tion. Cyst rhomboidal, with four re duced horns: one api cal, two lat eral and
one antapical (right antapical horn hardly dis cern ible). Lat eral horns are oc ca sio-
n ally most de vel oped (e.g., Fig. 75B, C). Periphragm smooth. Rel a tively short
pro cesses hol low, dis tally branched and con nected in rows by dis tal thin trabe-
culae.

Charlesdowniea coleothrypta (Wil liams et Downie 1966) Lentin et
Vozzhennikova 1989

(Fig. 75A, D, E, Fig. 77A–I, Fig. 78A–I, Fig. 79A–G, Fig. 80A–E)

1966 Wetzeliella coleothrypta n. sp.; Wil liams & Downie (1966b), p. 185–186, pl. 18, figs.
8–9; text-fig. 47

1989 Charlesdowniea coleothrypta comb. nov.; Lentin & Vozzhennikova (1989), p. 225

Ma te rial. This is the most fre quent spe cies of the ge nus Charlesdowniea in the
Koniusza ma te rial. Fre quent spec i mens oc cur in most of sam ples rep re sent ing
dark-col oured mudstone (rare in sam ples Kns31 and Kns 32); ab sent in most of
sam ples rep re sent ing pale-col oured marl (ex cept of sam ples Kns3 and Kns24
where sin gle spec i mens oc cur, and sam ple Kns8 that yielded fre quent spec i mens).

De scrip tion. Pericyst rhomboidal to pen tag o nal (see Re marks), with smooth to
finely gran u lar wall cov ered by hol low pro cesses. The lat ter united dis tally by
iso lated ectophragmal por tions, which shape re flects paraplates.

Re marks. Charlesdowniea coleothrypta from Koniusza shows a high mor pho lo-
g i cal di ver sity. It re fers to gen eral shape of the cyst, pro cess length and mor phol ogy 
of the ectophragm that dis tally unites the pro cesses. Spec i mens at trib uted here to
Charlesdowniea coleothrypta have well de vel oped ectophragmal pat tern re flec-
t ing paraplate ar range ment. Gen eral cyst shape is bi modal: spec i mens with typ i cal
for Wetzellielloideae well de vel oped horns (two lat eral, api cal and two antapical,
of which the right one is re duced) co-oc cur with oval spec i mens al most de void of
pro nounced horns. The lat ter pre sum ably rep re sents sub ge nus C. coleothrypta
rotundata de scribed by Châteauneuf & Gruas-Cavagnetto (1978). There are two
morphotypes of C. coleothrypta var ied by pro cess length: the one with short
pro cesses, and the morphotype with long, slen der pro cesses. The lat ter pre do-
m i nate on spec i mens with well de vel oped horns. The third mor pho log i cal fea ture
that dif fer spec i mens of C. coleothrypta from Koniusza re fers to the mor phol ogy of
the ectophragm. Ma jor ity of spec i mens have rather smooth ectophragmal plat forms
that dis tally ter mi nate pro cesses. How ever some spec i mens pos sess per fo rated
ectophragm (Fig. 80C, E). Per fo ra tion pat tern is not sta ble among spec i mens with
such an ectophragm: some spec i mens pos sess per fo ra tion consistsing of holes
ir reg u lar in shape and di am e ter, usu ally grouped in cen tral por tions of ectophragmal
plat forms. The other have reg u larly per fo rated plat forms in a way re sem bling
per fo ra tions on periphragm of Rhombodinium perforatum. Wil liams & Downie
(1966b) in their orig i nal di ag no sis of C. coleothrypta state that the ectophragmal
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mem brane is “finely per fo rate”. They do not men tion if this fea ture is di ag nos tic for
this spe cies. It is also dif fi cult to rec og nize this fea ture from il lus tra tions of C.
colethrypta in lit er a ture. If not de scribed in text, only SEM mi cro pho to graphs al low
clear de ter mi na tion of ectophragm na ture (see e.g., Downie et al. 1971, pl. 2, fig. 5).

Charlesdowniea columna (Michoux 1988) Lentin et Vozzhennikova 1990
(Fig. 76G–I)

1988 Kisselevia columna n. sp.; Michoux (1988), p. 28, 30, pl. 1, figs. 2–3, 6–5; pl. 2, figs.
3–5; text-figs. 7A–B
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Fig. 76. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Charlesdowniea clathrata
(same spec i men, var i ous foci; Kns5); C, D – Charlesdowniea clathrata (same spec i men, var i ous foci;
Kns7); E, F – Charlesdowniea clathrata (same spec i men, var i ous foci; Kns7); G – Charlesdowniea
columna (Kns3); H, I – Charlesdowniea columna (same spec i men, var i ous foci; Kns3)



1990 Charlesdowniea columna comb. nov.; Lentin & Vozzhennikova (1990), p. 74

Ma te rial. Two spec i mens in sam ple Kns3.

De scrip tion. Cyst pen tag o nal, circumcavate to cornucavate, with short co lum nar
hol low pro cesses united dis tally by ectophragmal mem brane. Pro cesses oc cur all
over pericyst, but most com mon are at ambital mar gins. Five horns well de vel oped,
al though right antapical horn is shorter than the left one. Endocyst ovoidal.

Ge nus Dracodinium Gocht 1955

Type spe cies: Dracodinium solidum Gocht 1955

1955 Dracodinium n. gen.; Gocht (1955), p. 87
1980 Dracodinium Gocht 1955 emend.; Bujak, Downie, Eaton & Wil liams (1980), p. 28

Dracodinium laszczynskii Gedl 1995
(Fig. 80F, Fig. 81A–F)

1995 Dracodinium laszczynskii n. sp.; Gedl (1995b), p. 205, pl. 7, figs. 11, 13

Ma te rial. This spe cies oc curs in two sam ples only (pale-col oured marl), be ing
mod er ately fre quent in sam ple Kns8, and fre quent in sam ple Kns10.

De scrip tion. Cyst cornucavate, ovoidal, with api cal, lat eral and antapical horns
strongly re duced and appressed to ovoidal endocyst. Pericystal horns very broad,
in dis tinct, ta per ing with rounded tips. Lat eral horns com monly al most not de ve-
l oped. Two antapical horns, left one re duced. Periphragm shape closely fol lows the
shape of endocyst, which makes an ovoidal ap pear ance of the whole cyst (Fig. 81D,
E). How ever, some spec i mens have more prom i nent horns, es pe cially api cal ones,
which taper sharply (Fig. 81A, B). Iso lated endocysts, pre sum ably of this spe cies,
fre quently oc cur in sam ples Kns8 and Kns10. Endophragma thick and gran u lar;
some spec i mens seem to have ad di tional mem brane de vel oped on gran u lar endo-
phragm (Fig. 82H). Periphragm thin and smooth. Archaeopyle in ter ca lary, oper-
culum free. Periarchaeopyle higher than endoarchaeopyle, breadth of both is of the
same size.

Dracodinium cf. laszczynskii Gedl 1995
(Fig. 63G, H)

Ma te rial. A sin gle spec i men in sam ple Kns10.

De scrip tion. Spec i men found in sam ple Kns10 re sem bles closely Dracodinium
laszczynskii. It dif fers, how ever, by larger epi- and hypopericoels. Api cal horn is
more prom i nent, it ta pers rather sharply. The lat ter fea ture, al though not typ i cal for
D. laszczynskii, was also noted on some spec i mens at trib uted to this spe cies (e.g.,
Fig. 81A). Ad di tional mem brane on endocyst is also pres ent (Fig. 81H).
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Ge nus Rhombodinium Gocht 1955

Type spe cies: Rhombodinium draco Gocht 1955

1955 Rhombodinium n. gen.; Gocht (1955), p. 85
1979 Rhombodinium Gocht 1955 emend.; Bujak (1979), p. 313–314

Rhombodinium perforatum (Jan du ChÃne et Châteauneuf 1975)
Lentin et Wil liams 1977

(Fig. 77E–G)

1975 Wetzeliella Rhombodinium perforatum n. sp.; Jan du ChÃne & Châteauneuf (1975), p.
30–31, pl. 1, figs. 8–14; pl. 3, figs. 7–10

1977 Rhombodinium perforatum comb. nov.; Lentin & Wil liams (1977b), p. 139
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Fig. 77. Dinoflagellate cysts from the Popiele beds at Koniusza. A–I – Charlesdowniea coleo-
thrypta (A: Kns6; B: Kns13; C: Kns2; D: Kns1; E, F: same spec i men, var i ous foci, Kns1; G: Kns1; H,
I: same spec i men, var i ous foci, Kns5)



Ma te rial. Rare spec i mens oc cur in sam ples Kns1, Kns2, Kns5–9, Kns11, Kns22,
Kns28 and Kns29.

De scrip tion. Cyst rhomboidal, circumcavate, with rhomboidal endocyst and peri-
cyst with four horns: api cal, two lat eral, and one antapical (sec ond antapical
re duced). Endophragm thin and smooth, periphragm thin and smooth, densely
per fo rated with tiny holes, ap prox i mately cir cu lar, of uni form di am e ter. Periar-
chaeopyle of Wetzeliella articulata type.
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Fig. 78. Dinoflagellate cysts from the Popiele beds at Koniusza. A–I – Charlesdowniea coleo-
thrypta (A–C: same spec i men, var i ous foci, Kns5; D: Kns12; E, F: same spec i men, var i ous foci,
Kns5; G: Kns5; H, I: same spec i men, var i ous foci, Kns5)



 Ge nus Wetzeliella Eisenack 1938

Type spe cies: Wetzeliella articulata Eisenack 1938

1938 Wetzeliella n. gen.; Eisenack (1938), p. 187
1966 Wetzeliella Eisenack 1938 emend.; Wil liams & Downie (1966b), p. 182
1976 Wetzeliella Eisenack 1938 emend.; Lentin & Wil liams (1976), p. 129–130
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Fig. 79. Dinoflagellate cysts from the Popiele beds at Koniusza. A–H – Charlesdowniea coleo-
thrypta (A, B: same spec i men, var i ous foci, Kns6; C, D: same spec i men, var i ous foci, Kns2; E, H:
same spec i men, var i ous foci, Kns5; F, G: same spec i men, var i ous foci, Kns5)
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Fig. 80. Dinoflagellate cysts from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A–E –
Charlesdowniea coleothrypta (A: ven tral view, Kns8; B: ven tral view, C: de tail show ing per fo rated
ectophragm, Kns5; D: ven tral view, E: de tail show ing smooth periphragm and pro cesses united
dis tally by finely per fo rated ectophragm, Kns5); F – Dracodinium laszczynskii (Kns8); G –
indetermined peridinioid (Kns8); H – Vozzhennikovia sp. (Kns3); I – Apectodinium homomorphum
(Kns4); J – Deflandrea heterophlycta – de tail show ing gran u lar endophragm with tu ber cules and an
intratabular group of spines on periphragm (Kns5); K – Deflandrea phosphoritica (Kns5)
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Fig. 81. Dinoflagellate cysts from the Popiele beds at Koniusza. A, B – Dracodinium laszczynskii
(same spec i men, var i ous foci; Kns8); C, F – Dracodinium laszczynskii (same spec i men, var i ous foci;
Kns8); D, E – Dracodinium laszczynskii (same spec i men, var i ous foci; Kns10); G, H – Dracodinium
cf. laszczynskii Gedl 1995 (same spec i men, var i ous foci; Kns10); I – endocyst of Dracodinium sp. (D.
laszczynskii?; Kns10); J–L – Wilsonidium? sp. (Kns27)
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Wetzeliella sp.
(Fig. 82D, J, O, P)

Ma te rial. This ge nus is ex tremely rare in the Koniusza ma te rial. Sin gle spec i mens
were found in sam ples Kns4, Kns8 and Kns10, Kns23, Kns27, Kns30 and Kns33. A 
sin gle spec i men oc curs in the Hi ero glyphic beds (KnsH2)

Re marks. Each of three spec i mens found is poorly pre served, wrin kled, mak ing
spe cific de ter mi na tion im pos si ble.

Ge nus Wilsonidium Lentin et Wil liams 1976

Type spe cies: Wilsonidium tabulatum (Wil son 1967) Lentin et Wil liams 1976

1976 Wilsonidium n. gen.; Lentin & Wil liams (1976), p. 138–139

Wilsonidium? sp.
(Fig. 81J–L)

Ma te rial. Two spec i mens oc cur in sam ple Kns27.

De scrip tion. Cyst peridinioid, of rhomboidal shape of the pericyst with poorly
de vel oped horns (one api cal, two lat eral and two broad antapical). Periphragm
thick, densely rugulate, pre sum ably per fo rated. Endocyst not vis i ble. Periphragm
folded form ing (parasutural?) ridges. Archaeopyle not dis cern ible.

Dis cus sion. This spe cies was ques tion ably in cluded to the ge nus Wilsonidium on
the base of ridges that pre sum ably are in parasutural po si tions.

Fam ily CONGRUENTIDIACEAE Schiller 1935
Subfamily CONGRUENTIDIOIDEAE (Auto nym)

Ge nus Lejeunecysta Artzner et Dörhöfer 1978

Type spe cies: Lejeunecysta hyalina (Gerlach 1961) Artzner et Dörhöfer 1978

1961 Lejeunia n. gen.; Gerlach (1961), p. 169
1972 Lejeunia Gerlach 1961 emend.; Kjöllstrom (1972), p. 467
1976 Lejeunia Gerlach 1961 emend.; Lentin & Wil liams (1976), p. 68–69
1978 Lejeunecysta nom. nov.; Artzner & Dörhöfer (1978), p. 1381
1980 Lejeunia Gerlach 1961 emend.; Bujak in Bujak et al. (1980), p. 68
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Fig. 82. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Apectodinium homomorphum
(Kns3); B – Apectodinium homomorphum (Kns3); C – Apectodinium homomorphum (Kns4); D –
Wetzeliella sp. (Kns8); E – Rhombodinium perforatum (Kns8); F – Rhombodinium perforatum
(Kns8); G – Rhombodinium perforatum (Kns5); H, I – endocyst of Dracodinium sp. (D.
laszczynskii?; same spec i men, var i ous foci; Kns8); J – Wetzeliella sp. (Kns10); K, L – endocyst of
Dracodinium sp. (D. laszczynskii?; same spec i men, var i ous foci; Kns8); M, N – endocyst of
Dracodinium sp. (D. laszczynskii?; same spec i men, var i ous foci; Kns8); O, P – Wetzeliella sp. (O:
Kns30, P: Kns23); Q – Apectodinium homomorphum (Kns24)



Lejeunecysta fallax (Morgenroth 1966) Artzner et Dörhöfer 1978
(Fig. 83T, U)

1966 Lejeunia fallax n. gen.; Morgenroth (1966b), p. 2–3, pl. 1, figs. 6–7
1978 Lejeunecysta fallax comb. nov.; Artzner & Dörhöfer (1978), p. 1381
1983 Lejeunecysta fallax (Morgenroth 1966) emend.; Biffi & Grignani (1983), p. 132

176 P. GEDL

Fig. 83. Dinoflagellate cysts from the Popiele beds at Koniusza. A – Selenopemphix nephroides
(Kns6); B, C – Selenopemphix selenoides (same spec i men, var i ous foci; Kns12); D – Selenopemphix
nephroides (Kns12); E – Selenopemphix nephroides (Kns12); F – Selenopemphix nephroides (Kns6); 
G – Selenopemphix nephroides (Kns6); H – Selenopemphix nephroides (Kns5); I – Selenopemphix
nephroides (Kns5); J – Selenopemphix armata (Kns3); K – Selenopemphix armata (Kns6); L –
Selenopemphix armata (Kns6); M – Selenopemphix armata (Kns12); N – Selenopemphix armata
(Kns13); O – Lejeunecysta globosa (Kns12); P – Selenopemphix armata (Kns6); Q, R – Sele-
nopemphix nephroides (same spec i men, var i ous foci; Kns13); S – Selenopemphix nephroides
(Kns13); T – Lejeunecysta fallax (Kns12); U – Lejeunecysta fallax (Kns12); V – Lejeunecysta sp.
(Kns7); W – Lejeunecysta lata (Kns5)



Ma te rial. Two spec i mens in sam ple Kns12.

De scrip tion. Autocyst com pressed peridinioid, with smooth autophragm. Paraci-
ngulum in di cated by trans verse folds. Api cal and two well de vel oped antapical
horns, the lat ter acuminate. Dis tinc tive con cav ity be tween antapical horns.
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Fig. 84. Dinoflagellate cysts from the Hi ero glyphic beds at Koniusza (sam ple KnsH2). A –
Areoligera coronata; B – Spiniferites ramosus; C – Melitasphaeridium pseudorecurvatum; D –
Ctenidodinium sp. (re worked Me so zoic spe cies); E – Gen. et spec. indet. C; F, G – Areoligera cf.
medusettiformis sensu Eaton (1976; same spec i men, var i ous foci); H, I – Gen. et spec. indet. C; J –
Glaphyrocysta exuberans; K – Operculodinium centrocarpum; L – Areoligera coronata; M –
Glaphyrocysta exuberans
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Fig. 85. Dinoflagellate cysts from the Hi ero glyphic beds at Koniusza (sam ple KnsH2). A –
Phthanoperidinium delicatum; B – Achomosphaera crassipellis; C – Homotryblium abbreviatum; D
– Thalassiphora pelagica; E – Achomosphaera alcicornu; F – Cordosphaeridium inodes; G –
Adnatosphaeridium multispinosum; H – Cribroperidinium ?edwardsii (re worked Me so zoic spe cies);
I – Thalassiphora patula; J, K, L – Cordosphaeridium gracile



SYS TEM ATIC PART 179

Fig. 86. Aquatic palynomorphs from the Popiele beds at Koniusza. A – incertae sedis (Schizosporis?;
Kns8); B – Tasmanites (Kns1); C, D – Tasmanites (same spec i men, var i ous foci; Kns1); E – incertae
sedis (Schizosporis?), spec i men with out “cen tral body” (Kns8); F, G – Tasmanites (same spec i men,
var i ous foci; Kns5); H – Botryococcus sp. (Kns2); I – Tasmanites (Kns1); J, K – Tasmanites (same
spec i men, var i ous foci; Kns12); L, M – Tasmanites (same spec i men, var i ous foci; Kns12); N, O –
Tasmanites (same spec i men, var i ous foci; Kns6); P, Q – Tasmanites (same spec i men, var i ous foci;
Kns1); R–U – incertae sedis (Schizosporis?; all spec i mens Kns8)



Lejeunecysta globosa Biffi et Grignani 1983
(Fig. 83O)

1983 Lejeunecysta globosa n. sp.; Biffi & Grignani (1983), p. 132–134, pl. 2, figs. 6–7, 10;
text-fig. 2E

Ma te rial. A sin gle spec i men was found in sam ple Kns12.

Re marks. Autocyst com pressed peridinioid, with rounded pen tag o nal out line.
Autophragm smooth, dark-brown col oured. Two antapical horns in dis tinct, ob late.
Api cal horn not de vel oped. Paracingulum in di cated by faint, noncontinous trans -
verse fold. Archaeopyle in ter ca lary 2a, opeculum free.

180 P. GEDL

Fig. 87. Aquatic zoomorphs from the Popiele beds at Koniusza. A–M – foraminiferal or ganic
lin ings (A: Kns1; B–D: Kns2; E–M: Kns6, E, F and K, L: same spec i mens, var i ous foci)



Lejeunecysta lata Biffi et Grignani 1983
(Fig. 83W)

1983 Lejeunecysta lata n. sp.; Biffi & Grignani (1983), p. 134–136, pl. 3, figs. 1–2, 4; text-fig. 2G

Ma te rial. A sin gle spec i men was found in sam ple Kns5.

De scrip tion. Autocyst com pressed peridinioid, with pen tag o nal out line. Two
antapical horns poorly de vel oped sep a rated by weak antapical con cav ity. Paraci-
ngulum de vel oped as trans verse folds that di vides cyst into equal epi- and hypo-
cyst. Autophragm finely gran u lar.

Lejeunecysta sp.
(Fig. 83V)

Ma te rial. Sin gle to rare spec i mens in sam ples Kns6, Kns7, Kns12, Kns19, Kns21,
Kns22 and Kns31.

Ge nus Selenopemphix Benedek 1972

Type spe cies: Selenopemphix nephroides Benedek 1972

1972 Selenopemphix n. gen.; Benedek (1972), p. 47
1980 Selenopemphix Benedek 1972 emend.; Bujak in Bujak et al. (1980), p. 82
1993 Selenopemphix Benedek 1972 emend.; Head (1993), p. 32
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Fig. 88. Aquatic zoomorphs from the Popiele beds at Koniusza. A – scolecodont (Kns3); B –
scolecodont (Kns9); C–F – foraminiferal or ganic lin ings (all Kns6)
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Fig. 89. Aquatic palynomorphs from the Popiele beds at Koniusza (scale bars re fer to 10 µm). A–D
– incertae sedis, pre sum ably Schizosporis (both spec i mens Kns8; A, C: com plete spec i mens, B, D –
de tails); E – foraminiferal or ganic lin ing (Kns3); F – Tasmanites (Kns3)



Selenopemphix armata Bujak 1980
(Fig. 83J–N, P)

1980 Selenopemphix armata n. sp.; Bujak in Bujak et al. (1980), p. 83–84, pl. 21, figs. 1–3;
text-figs. 23D, 24

Ma te rial. Sin gle to rare spec i mens in sam ples Kns3, Kns6, Kns7, Kns12, Kns13,
Kns18, Kns19, Kns21, Kns22, Kns26, Kns31 and Kns33.

De scrip tion. Autocyst com pressed in po lar view, el lip soi dal to kid ney-shaped,
with long, solid, acuminate pro cesses at paracingulum. Hol low acuminate pro ce-
sses in cen tral parts of the autocyst rep re sent api cal and antapical horns. Auto-
phragm thin and smooth, dark-brown col oured.

Selenopemphix nephroides Benedek 1972
(Fig. 83A, D–I, Q–S)

1972 Selenopemphix nephroides n. sp.; Benedek (1972), p. 47–48, pl. 11, fig. 13; pl. 16, figs.
1–4

1980 Selenopemphix nephroides Benedek 1972 emend.; Bujak in Bujak et al. (1980), p. 84
1981 Selenopemphix nephroides Benedek 1972 emend.; Benedek & Sarjeant (1981), p.

333–334, 336

Ma te rial. Rare spec i mens oc cur in most of sam ples rep re sent ing dark-col oured
mudstone (ex cept of sam ples Kns1, Kns7, Kns11and Kns14); ab sent from sam ples
rep re sent ing pale-col oured marl.

De scrip tion. Autocyst com pressed in po lar view, kid ney-shaped, with smooth
autophragm. Some spec i mens have very faint striations go ing ra di ally from the
cen tral part to the paracingular mar gin (Fig. 83S). Parasulcal area in di cated by a
small de pres sion. Paracingulum in di cated by a band, which oc curs in mar ginal
ar eas. The lat ter, in de pend ently of the cyst size, may be rel a tively thin (e.g., Fig.
83D, H) or much broader (e.g., Fig. 83G, Q, R). No pos i tive re lief el e ments.
Ma jor ity stud ied spec i mens have dark-brown colouration of the autophragm (e.g.,
Fig. 83F, G). Some spec i mens are pale-col oured (Fig. 83H).

 Selenopemphix selenoides Benedek 1972
(Fig. 83B, C)

1972 Selenopemphix selenoides n. sp.; Benedek (1972), p. 48, pl. 11, fig. 15; pl. 16, figs. 5–8;
text-fig. 22

1980 Selenopemphix selenoides Benedek 1972 emend.; Bujak in Bujak et al. (1980), p. 86
1981 Selenopemphix nephroides Benedek 1972 emend.; Benedek & Sarjeant (1981), p.

336–338

Ma te rial. Sin gle spec i mens in sam ples Kns14 and Kns22, three spec i mens in
sam ple Kns18.

De scrip tion. Autocyst com pressed in po lar view, cres cent-shaped, with smooth
autophragm. Parcingulum band or na mented with tiny spines. Parasulcus forms a
huge de pres sion, which gives this rescentic shape in po lar view. Autophragm
smooth, dark-brown col oured.
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