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Fig. 4. Geological cross-section showing subsurface geological structure of the northern boundary fault zone of the Pieniny Klippen Belt
at Szczawnica compared to its original interpretation (by K. Birkenmajer in Birkenmajer et al., 1979).
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Fig. 5.
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Dinofagellate cysts from the PD-9 borehole, the Hatuszowa Formation, uppermost Cretaceous (upper Senonian; photomicro-

graphs by P. Gedl). Scale bar is 25 um. A. Spiniferites sp. (285.8-289.8 m). B. Circulodinium? sp. (285.8-289.8 m). C. Muderongia? sp.
(285.8-289.8 m). D, E. Yolkinigymnium sp. (same specimen, various foci; 292.7-297.8 m). F. Dinogymnium sp. (292.7-297.8 m).
G. Spiniferites sp. (292.7-297.8 m). H. Spiniferites sp. (285.8-289.8 m). |. Alterbidinium? sp. (285.8-289.8 m). J. Alterbidinium?
sp. (306.7-310.6 m). K. Poorly preserved Pterodinium sp. (266.7-270.6 m). L, M. Cordosphaeridium fibrospinosum (same specimen,

various foci; 292.7-297.8 m). N. Glaphyrocysta sp. (292.7-297.8 m).

dinofagellate cysts represented by a monospecifc assem-
blage of Areoligera were found (4. medusettiformis com-
plex; see chapter Selected taxonomy). Areoligera dominates
(80%) also in the following sample from 738.4-744.3 m,
associated with Homotryblium tenuispinosum, Cordos-
phaeridium, Operculodinium; this sample yielded large
amounts of cuticles and palynodebris associated with fre-
quent dinofagellate cysts that constitute up to 10%.

The lower samples (765-850 m) contain rare and rather
poorly preserved dinofagellate cysts. They are dark brown-
ish, commonly compressed and altered. The assemblages of
them are dominated by gonyaulacoids; the peridinioids are
mainly Apectodinium and other rare Wetzelielloideae.

Six samples representing the Szczawnica Formation
(866-1006 m) vyielded two different palynofacies. One
of the samples from the lower part of this unit (below
924 m) consists of black, opaque phytoclasts (90-100%) and
is generally without dinofagellate cysts. The sample from

a depth of 1002.4-1006.4 m yielded some pale coloured,
well preserved palynomorphs that might be dinofagellate
cysts (Batiacasphaera? sp., Rhiptocorys Sp. — no archaeo-
pyle is visible). A single, darker coloured, poorly preserved
specimen, questionably assigned to Lingulodinium, was
found. As well, some fragments of presumably 4Apectodin-
ium (in a similar state of preservation to the specimens in
the sample from 866-869 m) were found. Other samples
from this interval contain no dinofagellate cysts; a single
specimen of poorly preserved, dark brown Alterbidinium?
sp. was found in sample 971.1-972.1 m.

The second palynofacies type occurs in the two uppermost
samples from the Szczawnica Formation, at 920.0-924.6 m
and 866-869 m. It is characterized by a higher proportion
of dark brown phytoclasts (25-30%) that partly show pre-
served tissue structures, and by dinofagellate cysts that rep-
resent 1-2% to 10%, respectively. Dinofagellate cysts from
both samples are brownish but relatively well preserved
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(Fig. 11). The most frequent in lower sample are Areoligera
spp. and Apectodinium homomorphum. The most frequent
in upper sample are Areoligera spp., Spiniferites spp., and
Homotryblium tenuispinosum; rare \Wetzelielloideae are
dark brown (related to thicker walls). There are rare speci-
mens of Palaeohystrichophora infusorioides, distinguished
by very good preservation and pale colouration.

BRYJARKA MEMBER

The Bryjarka Member (in the rank of formation) was de-
scribed formally by Birkenmajer et al. (1979). The reason
of distinguishing these Fysch strata as a separate lithostrati-
graphic unit was their Cretaceous age, indicated on the ba-
sis of calcareous nannoplankton (Dudziak in Birkenmajer
et al., 1979), which made such a rock body unique in the
Pieniny Klippen Belt and the Magura Nappe of the Polish
Carpathians. The age re-interpretation of the present au-
thors makes the Bryjarka Member an age-equivalent of the
Szczawnica Formation (sensu Birkenmajer and Oszczypko,
1989; see also Birkenmajer, 1960, 1965). Its characteristics
are presented briefy below, following the account by Birk-
enmajer (in Birkenmajer et al., 1979), except for the ele-
ments re-interpreted.

Name: After Bryjarka Mount at Szczawnica.

Type locality: Szczawnica, borehole PD-9, interval of
the core 415.00 to 702.50 m (45 m a.s.l to 242.5 m b.s.l).

Thickness: Incomplete, as both bottom and top contacts
are tectonic, ca 190 m.

Dominant lithology: “Flysch deposits, predominantly
sandstones and siltstones, usually calcareous (sometimes
glauconitic), light to dark-grey and greenish, in layers usu-
ally 10-50 cm, sometimes up to 1-3 m thick. Alternating
with argillaceous or feebly calcareous shales grey or grey-
green, sometimes brownish or black (in the upper part of
the member), 1-20, sometimes up to 80 cm thick. The ratio
of sandstone to shale is usually 2:1. Mica fakes and car-
bonized plant detritus, sometimes accumulating in thin al-
lochthonous black coal laminae occur here and there. Shale
intraclasts and slump structures are rather frequent in the
sandstones. A 3-m thick pebbly mudstone intercalation has
been found in higher part of the unit” (from Birkenmajer et
al., 1979).

Boundaries: Both boundaries are tectonic. The lower
boundary with the Jurassic Szlachtowa Formation (the Gra-
jcarek Unit); the units are separated by a brecciated zone,
2-3 m thick. The upper boundary with the Malinowa Shale
Formation (the Grajcarek Unit), above which another brec-
ciated zone occurs (Fig. 4).

Age: Lower Eocene, based on dinofagellate cysts
(Figs 6-9).

Distribution: The member is known from its type local-
ity only.
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Equivalents: The Bryjarka Member is coeval with the
upper part of the Szczawnica Formation. It resembles lith-
ologically the fysch facies (informal Kluszkowce Mem-
ber; Birkenmajer, 1979) of the Szczawnica Formation;
some other members of the latter, e.g., the Ztatne Member,
show different lithological features (see Birkenmajer and
Oszczypko, 1989). The Bryjarka Member differs in the oc-
currence of intercalations of relatively pale, greenish shales,
which in the case of the Szczawnica Formation are usually
darker. Shales of similar colour occur in the Podmagurskie
(Submagura) Beds (Birkenmajer, 1979).

AGE INTERPRETATION
OF DINOFLAGELLATE CYST
ASSEMBLAGES

The lack of dinofagellate cysts in the Jarmuta and Ma-
linowa Shale formations from the PD-9 borehole does not
allow age dating of them.

Haluszowa Formation. Infrequent and poorly preserved
specimens from the upper thrust sheet of the Hatuszowa
Formation (Table 1; Fig. 5K) do not allow precise dating
of this lithostratigraphic unit. The presence of pale-colour-
ed Dinogymnium (early middle Turonian—latest Maastrich-
tian in mid-latitudes of the northern Hemisphere; Williams
et al., 2004) and Yolkinigymnium sp. (known predominant-
ly from upper Campanian—-lower Maastrichtian strata; May,
1977; Lentin and Vozzhennikova, 1990) in the sample from
a depth of 292.7 m indicates its uppermost Cretaceous age.
This interpretation may be supported by the presence of
Cordosphaeridium fibrospinosum, which although typically
known from Palaeogene strata, appeared for the frst time
in the latest Cretaceous (Maastrichtian, according to e.g.,
Bujak and Williams, 1978; Williams et al., 1993; Stover
et al., 1996; Oboh-Ikuenobe et al., 1998; but late Campanian
according to May, 1980). Thus, an upper Campanian—low-
er Maastrichtian age can be suggested for the lower thrust
sheet of the Hatuszowa Formation in the PD-9 borehole.

Bryjarka Member. Rich and relatively diversifed dino-
fagellate cyst assemblages from the Bryjarka Member show
that this unit is Lower Eocene (Ypresian); this age is based
on the following species.

Representatives of the genus Apectodinium (A. homo-
morphum, A. hyperacanthum, A. augustum, A. panicula-
tum, A. parvum, A. quinquelatum, and A. summissum) ap-
peared for the frst time in the latest Thanetian (NP9 Zone;
Powell, 1992); they range to: the Paleocene-Eocene bound-
ary (A. augustum), earliest Ypresian (4. hyperacanthum,
A. summissum; dinocyst D5b Zone), early Ypresian
(4. parvum; NP10, D6b zones; A. paniculatum, NP11,
D6b), late Ypresian (4. quinquelatum; NP13, D8 zones).
In the present material, dApectodinium parvum occurs in

G. Apectodinium homomorphum (642.6 m). H. Apectodinium parvum (426.3-431.1 m). |. Apectodinium summissum (426.3-431.1 m).
J. Apectodinium parvum (418.4-421.5 m). K. Apectodinium parvum (418.4-421.5 m). L. Dracodinium laszczynskii (469.5-473.1 m).
M. Deflandrea sp. (625.7 m). N. Deflandrea eocenica (625.7 m). O. Isabelidinium? sp. (505.1-509.7 m). P. Biconidinium longissimum
(469.5-473.1 m). Q. Deflandrea leptodermata (569.8-575.1 m). R=T. Isabelidinium? sp. (R: 625.7 m; S, T: 653.1 m). U-X. Deflandrea

sp. (U-X: 505.1-509.7 m).
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Fig. 9. Dinofagellate cysts from the PD-9 borehole, the Bryjarka Member, Lower Eocene (photomicrographs by P. Gedl). Scale bar is
25 um. A. Wetzeliella astra (505.1-509.7 m). B. Wetzeliella astra (569.8-575.1 m). C. Apectodinium homomorphum (569.8-575.1 m).
D. Apectodinium quinquelatum (569.8-575.1m). E. Apectodinium summissum (418.4—-421.5 m). F. Apectodinium parvum (426.3-431.1 m).
G. Apectodinium parvum (431.1-436.5 m). H. Apectodinium homomorphum (469.5-473.1 m). |. Apectodinium homomorphum (569.8—
—575.1 m). J. Wetzeliella sp. (653.1 m). K. Wetzeliella unicaudalis (642.6 m). L. Rhombodinium cf. longimanum (569.8-575.1 m).
M. Wetzeliella sp. (569.8-575.1 m). N. Wetzeliella sp. (631.0 m). O. Wetzeliella sp. (540.2-544.5 m). P. Wetzeliella astra (505.1-509.7 m).
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the three topmost samples (interval 431.1-418.4 m),
A. summissum occurs in two of the topmost samples (418.4—
—421.5 m and 426.3-431.1 m), and 4. quinquelatum 0ccurs
in samples 426.3-431.1 m and 569.8-575.1 m.

Wetzeliella unicaudalis, found in samples from the basal
depths of 662.3-668.8 m and 642.6 m, was described by
Caro (1973) from the Lower Eocene of the Pyrenees. Bico-
nidinium longissimum found in the sample from the depth of
469.5-473.1 m was described from Lower Eocene of south-
ern England (Islam, 1983). According to Williams et al.
(2004), the stratigraphic range of B. longissimum is limited
to the early (but not earliest)-middle Ypresian. Wetzeliella
meckelfeldensis is another species, the age-range of which is
limited to the Ypresian (middle-late Ypresian; Williams and
Bujak, 1985; Williams et al., 2004). Wetzeliella astra has an
older age range of early Ypresian (NP10, base of the D6a—of
D6b zones; Powell, 1992).

The southern Hemisphere species Dracodinium waip-
awaense found in sample 431.1-436.5 m has an age-range
limited to the middle Ypresian (Williams et al., 2004).
Beside D. waipawense, some other species of Dracodini-
um are either mid Ypresian species (D. simile, D. solidum,
and D. condylos) or they appeared for the Ffrst time in the
mid Ypresian and range to the Lutetian (D. pachydermum,
D. varielongitudum, and D. politum). The presence of Dra-
codinium laszczynskii in the Bryjarka Member indicates that
this species, so far considered to be Bartonian, has a wider
age-range, including also mid?-late Ypresian, or the previ-
ous dating of it was erroneous (see chapter Comparison...).

Melitasphaeridium pseudorecurvatum and Deflandrea
phosphoritica, both found in the Bryjarka Member, are
known to have appeared for the frst time in mid-latitudes
of the northern Hemisphere during the early Ypresian (Wil-
liams et al., 2004). Also Homotryblium tenuispinosum,
which is widespread in the present material, appeared for
the frst time in the late Paleocene (Thanetian; Williams et
al., 2004) and earliest Eocene, according to Williams and
Bujak (1985). Similarly, Polysphaeridium zoharyi, which
occurs in most of the samples studied from this lithostrati-
graphic unit, appeared for the Ffrst time in the early Eocene
(Bujak and Williams, 1979). Adnatosphaeridium vittatum,
which occurs in the topmost sample (418.4-421.5 m) and in
the sample from a depth of 569.8-575.1 m, appeared for the
frst time in the mid Ypresian (NP12, D8 zones) and ranged
to the Lutetian/Bartonian (NP16, D10 zones; Powell, 1992).

More precise dating is diffcult, owing to possible tec-
tonic disturbances and taxonomically impoverished assem-
blages in some samples. Although Birkenmajer et al. (1979)
demonstrated the generally homogenous dip of strata mak-
ing up the Bryjarka Member (Fig. 4), the precise orienta-
tion of the top and bottom was not stated and some minor,
tectonic disturbances cannot be excluded. These facts all
indicate that superposition cannot be used as an additional
criterion for dating. Below, the ages of particular samples
of the Bryjarka Member (in descending order; Table 1) are
suggested.
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The two uppermost samples (418.4-421.5 m and 426.3—
431.1 m) most likely represent the lowermost Ypresian
(the presence of A. summissum), although the presence of
W. meckelfeldensis (middle—upper Ypresian; Williams and
Bujak, 1985) and Adnatosphaeridium multispinosum (low-
est occurrence in mid Ypresian; Stover et al., 1996) indicate
a slightly younger age.

A lower sample (431.1-436.5 m) is lower Ypresian
(the presence of 4. parvum). The sample from a depth of
467.8-469.5 m can be dated as middle—upper Ypresian,
owing to the presence of W. meckenfeldensis. The follow-
ing lower sample (469.5-473.1 m) may be slightly older or
coeval: lower (but not lowermost)-middle Ypresian (range
of B. longissimum; Williams et al., 2004). A lower Ypre-
sian age can be suggested for samples from 505.1-509.7 m
(the co-occurrence of Deflandrea oebisfeldensis: the high-
est occurrence in lower Ypresian: Williams et al., 2004, and
Wetzeliella astra: lower Ypresian, NP10, D6a—base of D6b:
Powell, 1992) and 540.2-544.5 m (the presence of D. oeb-
isfeldensis; an older, uppermost Paleocene age of this sam-
ple cannot be excluded, owing to the lack of other Ypresian
species).

The presence of A. quinquelatum (the highest occurrence
in the upper Ypresian) in the sample from a depth of 569.8-
575.1 m indicates a generally Ypresian age.

Lower samples yielded impoverished assemblages with
very rare good age indicators making their dating imprecise.
Sample 584.3-589.1 m yielded 4. homomorphum (highest
occurrence in Bartonian; Stover et al., 1996). Samples 604—
—606 m and 625.7 m yielded Delflandrea eocenica (Ypre-
sian; Baltes, 1969). A mid Ypresian age of samples 631.0 m
and 635.5 can be indicated by the presence of Thalassipho-
ra patula (Stover et al., 1996). A lower sample (638.1 m)
yielded the long-ranging H. tenuispinosum and P. zoharyi.
W. unicaudalis (Ypresian; Caro, 1973) occurs in sample
642.6 m. Sample 653.1 m yielded Dracodinium laszczyn-
skii, described from the Bartonian of the Magura Nappe
(see chapter Comparison...). Lower—-mid Ypresian can be
indicated for sample 662.3-668.8 m on the basis of the co-
occurrence of W. unicaudalis (Ypresian) and Glaphyrocys-
ta ordinata (Thanetian—-mid Ypresian; Stover et al., 1996).
The lowermost sample from the Bryjarka Member yielded
A. multispinosum (the lowest occurrence in the mid Ypre-
sian; Stover et al., 1996).

Another indication of the Ypresian, most likely mid-Ypre-
sian age of the Bryjarka Member is the frequent occurrence
of the Areoligera medusettiformis complex (see chapter
Taxonomy of selected dinoflagellate cysts). Several acmes
of these species are known from the Ypresian of the North
Sea (Gradstein et al., 1992; Bujak and Mudge, 1994; Mudge
and Bujak, 19964, b; see King, 2016, for overview, correla-
tion and unpublished data).

The age interpretation presented above shows that the
Bryjarka Member represents the lower—middle Ypresian.
The oldest samples — lower Ypresian — are in the upper part

Q. Rhombodinium sp. A (426.3-431.1 m). R. Wetzeliella sp. (569.8-575.1 m). S. Wetzeliella sp. (569.8-575.1 m). T. Dracodinium wai-
pawense (431.1-436.5 m). U. Wetzeliella meckelfeldensis (418.4—-421.5 m).
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of the interval cored. This may indicate that this unit is in
upside-down position.

The lowermost Ypresian and the Paleocene-Eocene
boundary interval are not present in the material studied.
These intervals are known for the Paleocene-Eocene Ther-
mal Maximum and they are characterized by the very fre-
quent occurrence of warm-water Apectodinium Sspecies
(e.g., Bujak and Brinkhuis, 1998; Crouch et al., 2001). This
genus, although present in the material studied, never forms
acmes there.

Szlachtowa Formation. Two samples representing the
Jurassic Szlachtowa Formation yielded various dinocyst as-
semblages. The low taxonomic diversity in the lower sam-
ple, 710.4-716.4 m, makes its dating highly imprecise.

The presence of Nannoceratopsis dictyambonis and
poorly preserved Dissiliodinium specimens (but not D. gi-
ganteum) in the upper sample (707.1-710.4 m) indicates
its upper upper Aalenian age. The stratigraphic range of
N. dictyambonis is Aalenian—earliest Bajocian (Prauss,
1989), latest Toarcian—early Bajocian (Stover et al., 1996),
and late Toarcian—early Bajocian (Bucefalo Palliani and
Riding, 1997). The oldest record of Dissiliodinium goes
back to the upper upper Aalenian, namely the upper part of
the Ludwigia murchisonae Zone (Feist-Burkhardt, 1990)
and the Graphoceras concavum Zone (Feist-Burkhardt and
Wille 1992; Feist-Burkhardt and Pross, 2010). The sample
studied yielded no D. giganteum, which has its lowest oc-
currence in the lowermost Bajocian (e.g., Feist-Burkhardt
and Monteil, 2001). However, Wiggan et al. (2017) also re-
ported this species from the uppermost Aalenian (Grapho-
ceras concavum Zone) and Feist-Burkhardt (1990) from
the uppermost Graphoceras concavum Zone. The lack of
D. giganteum, which is a widespread species in the lower
Bajocian of the Pieniny Klippen Belt (Gedl, 2008, 2013;
Gedl and Jézsa, 2015; Segit et al., 2015) delimits the upper
age-range of the sample discussed to uppermost Aalenian.

Asslightly older age can be suggested for the Jurassic as-
semblage from the lower sample (710.4-716.4 m), which
yielded rare specimens of two species, Nannoceratopsis
gracilis and Phallocysta elongata. The latter species has its
lowest occurrence in the upper Toarcian (Bucefallo Palli-
ani and Riding, 1997); Feist-Burkhardt (1990) reported an
Aalenian range of this species (the highest occurrence in
the uppermost Graphoceras concavum Zone). The lack of
Dissiliodinium excludes the upper upper Aalenian. There-
fore, upper Toarcian—lower upper Aalenian can be suggest-
ed, but it should be noted that the scarcity of dinofagellate
cysts in this sample does not allow precise dating.
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Szczawnica Formation. The core interval below (729.1-
—850.6 m), previously assigned to the Szlachtowa Forma-
tion, yielded Early Eocene dinofagellate cyst assemblages,
similar to those that occur in the Szczawnica Formation at
the borehole base (the two uppermost samples: 866-869 m
and 920-924.6 m), and in the Bryjarka Member (Table 1).
The same Ypresian age can be suggested on the basis of the
presence of such species such as, i.a., Apectodinium homo-
morphum, A. quinquelatum, A. parvum, Homotryblium ten-
uispinosum, Polysphaeridium zoharyi and Thalassiphora
patula (see subchapter Bryjarka Member for detailed ranges
and citations). The sample from a depth of 801.3-805.8 m
yielded Dracodinium condylos, known from the upper
Ypresian—lower Lutetian (Stover et al., 1996) or from mid
Ypresian exclusively (Williams et al., 2004). The Szczawni-
ca Formation from the lowermost interval drilled (924.6—
—1006.4 m) yielded no dinofagellate cysts or very rare, poor-
ly preserved forms (1002.4-1006.4 m; Table 1). Among the
latter, the Late Cretaceous Rhiptocorys sp. was identifed.
Its presence, if it was not recycled, together with the ques-
tionably determined Alterbidinium? sp. in sample 971.1-
—972.1 m, may indicate a Late Cretaceous age for this part of
the Szczawnica Formation. The recycling or contamination
(samples from the Szczawnica Formation are bailer sam-
ples) is evidenced by the presence of well-preserved Late
Cretaceous Palaeohystrichophora infusorioides in sample
866-869 m that yielded much worse preserved Eocene as-
semblages.

COMPARISON WITH DINOFLAGELLATE
CYST ASSEMBLAGES FROM
NEIGHBOURING AREAS

Haluszowa Formation. Palynology of this lithostrati-
graphic unit was described by Gedl (2007) from exposures
at Hatuszowa, Pieniny Klippen Belt. Two samples studied
yielded small amounts of palynological organic matter,
predominantly composed of black, small-sized, equidi-
mensional, opaque phytoclasts; subordinate occurrences of
highly degraded larger cuticles were noted. The same type
of palynofacies was found in the present material. The sim-
ilarity between these two sites does not refer to dinofagel-
late cyst assemblages, which although equally infrequent,
show signifcant taxonomical differences. The assemblages
from Hatuszowa are dominated by the peridinioid Subtilis-
phaera-morphotype, associated with infrequent gonyaula-
coids. In the PD-9 material, peridinioids are rare. These

Fig. 10. Dinofagellate cysts from the PD-9 borehole, the Szlachtowa Formation, Aalenian—Bajocian (photomicrographs by P. Gedl). Scale
bar is 25 um. A. Batiacasphaera sp. (107-710 m). B. Batiacasphaera sp. (707-710 m). C, D. Kallosphaeridium praussii (707-710 m).
E. Nannoceratopsis sp. (T07-710 m). F. Nannoceratopsis dictyambonis (107-710 m). G. Nannoceratopsis dictyambonis (707-710 m).
H. Nannoceratopsis sp. (T07-710 m). |. Nannoceratopsis gracilis (T07-710 m). J. Nannoceratopsis sp. (707-710 m). K. Nannoceratopsis
dictyambonis (107-710 m). L. Nannoceratopsis gracilis (107-710 m). M. Nannoceratopsis raunsgaardii (707-710 m). N. Nannocera-
topsis gracilis (T07-710 m). O. Nannoceratopsis gracilis (110-176 m). P. Kallosphaeridium? sp. (707-710 m). Q. Phallocysta elongate
(710-176 m). R. Phallocysta sp. (710-176 m). S. Phallocysta sp. (710-176 m). T. Nannoceratopsis gracilis (110-176 m). U. Nannocera-
topsis dictyambonis (107-710 m). V. Dissiliodinium sp. (707-710 m). W. Kallosphaeridium? sp. (707-710 m). X. Nannoceratopsis graci-
lis (707-710 m). Y. Nannoceratopsis gracilis (707710 m). Z. Nannoceratopsis gracilis (T07-710 m). Z1. Nannoceratopsis spiculata

(707-710 m). Z2. Nannoceratopsis spiculata (107-710 m).
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Fig. 11. Dinofagellate cysts from the PD-9 borehole, the Szczawnica Formation, Lower Eocene (photomicrographs by P. Gedl). Scale
bar is 25 um. A. Areoligera medusettiformis (920-924 m). B. Areoligera medusettiformis (920-924 m). C. Apectodinium sp. (920-924 m).
D. Areoligera medusettiformis (920-924 m). E. Alterbidinium? sp. (971-972 m). F. Spiniferites sp. (866-869 m). G. Spiniferites sp.
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Fig. 12. Dinofagellate cysts from the PD-9 borehole (photomicrographs by P. Gedl). Scale bar is 25 um. A. Rhombodinium? sp. (418.4—
—421.5 m). B. Rhombodinium? sp. (505.1-509.7 m). C. Deflandrea sp. (625.7 m). D. Apectodinium cf. homomorphum (505.1-509.7 m).
E. Apectodinium cf. homomorphum (505.1-509.7 m). F=H. Deflandrea? sp. (same specimen, various foci; 505.1-509.7 m). I, J. Deflan-

drea? sp. (same specimen, various foci; 505.1-509.7 m).

differences can be associated with variable, palaeoenviron-
mental conditions, either in time or space, during the accu-
mulation of the fysch strata of the Hatuszowa Formation.
The precise dating of dinofagellate cyst assemblages is lim-
ited, owing to their scarcity: latest Albian—early Campani-
an, in the case of the Hatuszowa material (Gedl, 2007) and
younger, late Campanian—early Maastrichtian, in the pres-
ent material. But these differences may also refect varying
intensity of resedimentation of the proximal material into
basin bottom during fysch sedimentation.

Szczawnica Formation and Bryjarka Member. Early
Palaeogene dinofagellate cysts from the Pieniny Klippen
Belt and the adjacent part of the Magura Nappe have not yet
been studied intensively.

Gedl (1995) described rich assemblages from the Eo-
cene of the Magura Nappe, exposed at the tectonic contact
between the Pieniny Klippen Belt and the Magura Nappe at
Rogoznik. These assemblages show some taxonomical sim-
ilarities with the Bryjarka Member assemblages, including
common species, some of which appeared for the frst time
in the Ypresian (Williams and Bujak, 1985; Stover et al.,
1996; Williams et al., 2004), i.a., Adnatosphaeridium mul-
tispinosum, A. vittatum, Apectodinium homomorphum,
A. quinquelatum, A. summissum, Areoligera coronata,
A. medusettiformis, Cordosphaeridium inodes, Dracodini-
um laszczynskii, Glaphyrocysta exuberans, G. laciniiforme,
G. ordinata, Homotryblium abbreviatum, H. caliculum,
H. pallidum, H. tenuispinosum, Melitasphaeridium pseu-

(866-869 m). H. Areoligera medusettiformis (866—869 m). 1. Areoligera medusettiformis (866-869 m). J. Palaeohystrichophora infu-
sorioides (866-869 m). K. Phthanoperidinium delicatum (866—869 m). L. Operculodinium sp. (866-869 m). M—Q. Areoligera medu-
settiformis (866-869 m). R. Homotryblium tenuispinosum (866—-869 m). S. Areoligera medusettiformis (866-869 m). T. Apectodinium
homomorphum (866-869 m). U. Apectodinium parvum (866—-869 m). V. Operculodinium microtriainum (866—-869 m). W. Rhombodinium
sp. (866-869 m). X. Wilsonidium intermedium (866-869 m). Y. Thalassiphora sp. (866-869 m). Z. Cordosphaeridium fibrospinosum

(866-869 m).
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dorecurvatum, Nematosphaeropsis reticulensis, Rottnestia
borussica, and Wetzeliella unicaudalis. Gedl (1995) sug-
gested a Middle Eocene (NP16) age for the Rogoznik as-
semblages on the basis of the occurrence of Rhombodinium
draco (which is absent in the Bryjarka assemblages), and
interpreted the older species as being reworked. However,
the R. draco specimens from Rogoznik show some simi-
larities with PD-9 specimen determined as Dracodinium
waipawaense from the present material. This could indicate
that the Rogoznik assemblages are older than was previous-
ly suggested, Early—early Middle Eocene (Ypresian—Lute-
tian), approximately coeval with the Bryjarka assemblages.
Wetzeliella meckelfeldensis (Ypresian; Williams and Bujak,
1985) occurs in the Bryjarka Member; a species determined
as W. sp. cf. W. meckelfeldensis was found in the Rogoznik
assemblages. The Rogoznik assemblages include Charles-
downiea coleothrypta (absent in the Bryjarka Member), that
goes back to mid Ypresian (Williams and Bujak, 1985; Stov-
er et al., 1996; Williams et al., 2004). The lack of this spe-
cies in the Bryjarka Member may indicate that it is slightly
older than the Eocene Rogoznik strata.

More recently, Segit (in Jurewicz and Segit, 2018) de-
scribed a latest Paleocene?—early Eocene assemblage from
a single sample from near Szczawnica (Czarna \Woda Creek;
for the lithostratigraphic affliation of the sample studied,
see p. 138). It is dominated by Glaphyrocysta, Areoligera,
Apectodinium homomorphum and Cleistosphaeridium di-
versispinosum and includes some age-diagnostic species
in common with the Bryjarka Member, i.a., Apectodinium
homomorphum, A. quinquelatum, and Glaphyrocysta ordi-
nata. Their co-occurrences show that at least a part of the
Bryjarka Member may be coeval with the sample from the
Czarna Woda Creek.

A possibly coeval dinofagellate cyst assemblage was
reported by Gedl (2000) from a single sample from an
exotic-bearing layer of the Fore-Dukla Zone, the Silesian
Nappe, Flysch Carpathians (for details see Bak ez al., 2001).
It included, i.a., Wetzeliella unicaudalis, which indicates its
Early Eocene age (Caro, 1973).

Szlachtowa Formation. Jurassic dinofagellate cysts
from the Szlachtowa Formation, Pieniny Klippen Belt,
were extensively studied in recent years (e.g., Gedl, 2008,
2013; Barski et al., 2012; Gedl and Jézsa, 2015; Segit et al.,
2015). Their ages, depending on the author and the succes-
sion studied (for details see Birkenmajer et al., 2008; Gedl
et al., 2012; Jurewicz and Segit, 2018) span the late Early
to Middle Jurassic or exclusively the Middle Jurassic. The
assemblage with frequent Nannoceratopsis dictyambonis,
associated with Nannoceratopsis spp. and Dissiliodinium
sp. from the upper sample of the Szlachtowa Formation,
most likely can be correlated with the upper Aalenian Dis-
siliodinium lichenoides Zone, Pieniny Klippen Belt, south-
ern Poland (Gedl, 2008), although the index species was
not determined. A very similar assemblage was described
from a single sample, CzS4, from the Czerwona Skata site
(Skrzypny Shale Formation; Gedl, 2008, p. 159), which was
dated to upper Bajocian, owing to the determination of M.
pellucida, which might have been erroneous.

The taxonomically impoverished assemblage with M.
gracilis and Phallocysta elongata does not allow precise
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correlation with the other assemblages described from
the Pieniny Klippen Belt, but the presence of Phallocysta
elongata and the lack of younger species, may indicate its
correlation with upper Toarcian and lower-middle Aaleni-
an Phallocysta elongata and Nannoceratopsis evae Z0Ones
(Gedl, 2008).

Segit et al. (2015) described from the upper Aalenian—
lowermost Bajocian of the Sprzycne Creek, Pieniny Klippen
Belt, dinofagellate cyst assemblages with N. dictyambonis,
P, elongata and D. lichenoides, which might be coeval with
the upper sample of the present authors.

AGE OF THE SZCZAWNICA FORMATION
(by Przemystaw Gedl)

The Szczawnica Formation is a lithostratigraphic unit,
formally described by Birkenmajer and Oszczypko (1989).
Itis distinguished in the Krynica Zone of the Magura Nappe
(its southernmost facies zone) and on the folded Pieniny
Klippen Belt. Formerly, these strata were distinguished by
several authors under various names, e.g., the “nérdliche
Grenzbildungen” (Uhlig, 1890), the “Peri-Klippen Flysch”
(Horwitz, 1935), the “Szczawnica Beds” (Birkenmajer,
1956h, 1957), the “Submagura Beds” and the “Beloveza
Beds” (Bogacz and Wectawik (1962), the “Submagura
Beds”, the “Hieroglyphic Beds” and the “Inoceramus Beds”
(Watycha, 1963b; Zytko, 1963; Alexandrowicz et al., 1966).

The age of the Szczawnica Formation studied by various
authors for decades, although with differences in details, was
accepted as Paleocene—Lower Eocene (e.g., Birkenmajer,
1962; Bogacz and Wectawik, 1962; Golonka and Waskows-
ka, 2014). This age was used widely in papers and schemes
related to the geology of southernmost part of the Magura
Nappe along its boundary with the Pieniny Klippen Belt
(e.g., Michalik, 1963; Watycha, 1963a, b; Birkenmajer et al.,
1965; Tokarski, 1975; Chrustek et al., 2005; Oszczypko,
2008; Oszczypko and Oszczypko-Clowes, 2009; Oszczypko
et al., 2015). Recently, however, Oszczypko-Clowes et al.
(2018, and earlier papers therein) presented a different age
interpretation of strata of the Magura Nappe, including
the Szczawnica Formation, that crop out along the north-
ern boundary of the Pieniny Klippen Belt and on it. On the
basis of calcareous nannoplankton and foraminifera, they
suggested a Lower Miocene age for the Jarmuta, Szczawni-
ca and Magura formations and “reassigned” them to the
Kremné Formation.

The studies of dinofagellate cysts from the Szczawnica
Formation and the Bryjarka Member from the PD-9 bore-
hole by the present authors do not confrm their interpreta-
tions. All samples from the Bryjarka Member yielded rich
assemblages that with no doubt are Eocene, most likely
Early Eocene. Similar assemblages occur in the Szczawni-
ca Formation from intervals 920-924.6 m, 866-869 m, and
729.1-850.6 m. The dinofagellate cyst assemblages from
these depths are uniform; they show no admixture of young-
er, Oligocene or Early Miocene forms that should be expect-
ed in the case of a Miocene age, as suggested by Oszczyp-
ko-Clowes et al. (2018). Moreover, a similar assemblage
was described from the Jarmuta Formation at Czarna Woda
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Creek, near Szczawnica, by Segit (in Jurewicz and Segit,
2018), who saw no signs of reworking; from the same local-
ity, from which Oszczypko and Oszczypko-Clowes (2014)
had described a single sample with calcareous nannoplank-
ton, interpreted as Early Miocene (NN2 Zone).

In the opinion of the present author, a possible explana-
tion for these differences in dating of the Szczawnica For-
mation is that the Early Miocene microfossils described by
Oszczypko-Clowes et al. (2018) come from the youngest
strata of the Magura Nappe, preserved as fragments along
their contact with the Pieniny Klippen Belt but not from the
Palaeogene formations. These Miocene strata represent the
youngest parts of the Malcov Beds, which are widely known
from the Polish and Slovak Magura Nappe (for details see
Cieszkowski and Olszewska, 1986), as counterparts of the
Oligocene—Miocene Menilite-Krosno series, known from
more northerly nappes (the Malcov-Menilite series in Slo-
vakia; Nemcok et al., 1968).

Age interpretations presented by Oszczypko-Clowes
et al. (2018) are, in the opinion of the present author, over-in-
terpreted in a form not supported by data for the whole Jar-
muta, Szczawnica and Magura formations.

TECTONICS IN DEEP BOREHOLE PD-9

The new biostratigraphic interpretations of the material
studied by the present authors show only subtle changes to
the interpretation of the vertical arrangement of rocks of the
Grajcarek Main Dislocation in the PD-9 borehole presented
by Birkenmajer et al. (1979). The most important change is
in the re-interpretation of the age of the Bryjarka Member
(415.0-702.0 m interval) and, as a consequence, its relo-
cation from the Grajcarek Unit to the Magura Nappe. The
other change refers to the age interpretation of the 729-
-850 m interval, which formerly was assigned to the Juras-
sic Szlachtowa Formation of the Grajcarek Unit (Birken-
majer et al., 1979) and now is included in the Palaesogene
Szczawnica Formation of the Magura Nappe.

The present and previous data (Birkenmajer et al., 1979)
show an almost vertical continuum of the Grajcarek Main
Dislocation line at Szczawnica, at least to a depth of 1,200 m
(Fig. 4). This vertical dislocation that separates the Magura
Nappe (to the north) from the Grajcarek Unit of the Pieniny
Klippen Belt (to the south) is disturbed by at least two major
dislocations, along which subhorizontal displacements of
the Magura Nappe and the Grajcarek Unit took place. These
dislocations are associated with zones of intense brecciation
that occur at depths of approximately 350 and 680 m (Fig.
4). The higher dislocation separates the overlying Grajcarek
Unit from the Magura Nappe (Bryjarka Member). It is di-
rectly underlined by red shales of the Malinowa Shale For-
mation that owing to their relative softness commonly occur
as “smear strata” at the main tectonic contacts.

The Grajcarek Main Dislocation shifts below this depth
to the south, up to a depth of approximately 700 m, where
another brecciation zone occurs. Directly beneath this, an
interval of the Grajcarek Unit (Jurassic strata of the Szlach-
towa Formation), several metres thick, occurs (Fig. 4). Be-
low, another dislocation is indicated by the occurrence of
the Palaeogene strata of the Magura Nappe (the Szczawnica
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Formation). Deeper still, the dislocation zone runs almost
vertically; its trend shows a complicated tectonic engage-
ment between the ductile shale of the Malinowa Shale For-
mation (the Grajcarek Unit) and the more rigid strata of the
Magura Nappe (the Szczawnica Formation; Fig. 4).

The new biostratigraphic interpretations by the present
authors of the strata penetrated by the PD-9 borehole shed
new light on the tectonics of the Grajcarek Main Dislocation
in the Szczawnica area. In general, the main characteristic
of the dislocation zone there, compared to the interpretation
proposed by Birkenmajer et al. (1979), remains the same,
i.e., it clearly shows a steep, almost vertical course of the
contact between the Magura Nappe and the Pieniny Klippen
Belt. It supports earlier understanding of the tectonics of the
Pieniny Klippen Belt and its relationship to the surround-
ing units, suggested by the senior author (e.g., Birkenmajer,
1965, 19854, b, 1986; Birkenmajer and Gedl, 2012).

CONCLUSIONS

The results of the analysis of dinofagellate cysts from
strata penetrated by the PD-9 borehole indicate some revi-
sions with respect to earlier studies. They have to do with
the ages of the Hatuszowa Formation, the Bryjarka Member
and the Szlachtowa Formation and, as a consequence, a dif-
ferent tectonic interpretation of the strata in question.

1. The Campanian age of the Hatuszowa Formation origi-
nally was suggested by Birkenmajer (1977) on the basis
of its superposition between the underlying Malinowa
Shale Formation and the overlying Jarmuta Formation.
It was generally confrmed by subsequent micropalae-
ontological studies: Senonian, on the basis of foramini-
fers (Jednorowska in Birkenmajer, 1979), late Senonian
on the basis of calcareous nannoplankton (Dudziak in
Birkenmajer, 1979), and Albian—early Campanian on the
basis of dinofagellate cysts (Gedl, 2007; for details see
Birkenmajer and Gedl, 2017, p. 80). The interpretation
by the present authors suggests upper Campanian—lower
Maastrichtian age of at least a part of this lithostratigraph-
ic unit. This range may indicate that the fysch and fy-
schoid facies of the Hatuszowa Formation partly overlap
with the overlying coarse-grained Jarmuta Formation, the
deposition of which started in the late Campanian—Maas-
trichtian (for details see Birkenmajer and Gedl, 2017).

2. The present authors downgrade the Bryjarka Member
(formerly with the rank of formation) to the rank of
member within the Szczawnica Formation. The latter,
originally described as the Szczawnica Beds (Birken-
majer, 1956a, 1957) was described formally by Birken-
majer and Oszczypko (1989). The age of the Bryjarka
Member is Early Eocene (Ypresian). This assumption is
based on the rich dinofagellate cyst assemblages found
in core samples, which eliminates the risk of contamina-
tion inherent to bailer samples. As the oldest assemblages
(early Ypresian) occur in the topmost part of this unit in
the PD-9 horehole, the present authors suggest that this
unit is either tectonically disturbed or that it occurs in an
upside-down position. The Bryjarka Member was dated
originally as Cretaceous by Dudziak (in Birkenmajer et
al., 1979) on the basis of rare and poorly preserved, cal-
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careous nannoplankton. The new age interpretation of the
Bryjarka Member by the present authors makes this unit
coeval with the Szczawnica Formation (see Birkenmajer
and Oszczypko, 1989, tab. 1). Rich and uniform Early Eo-
cene dinofagellate cysts, found in both lithostratigraphic
units, preclude the possibility of a Miocene age of them,
as suggested by Oszczypko-Clowes et al. (2018).

3. The Szlachtowa Formation in the PD-9 borehole occurs
at the depth 707.1-716.4 m only. Two samples from
this unit yielded dinofagellate cysts of late Toarcian—
Aalenian age. Below, Lower Eocene strata, most likely
of the Szczawnica Formation, occur (729.1-850.8 m).
Formerly this interval was attributed to the Szlachtowa
Formation (Birkenmajer et al., 1979). Dinofagellate
cysts from this interval show taxonomical similarities
either with the ones from the Bryjarka Member and the
Szczawnica Formation at the depths 866-869 m and
920.0-924.6 m.

4. Our new stratigraphic interpretation suggests slightly
different tectonics of the northern boundary fault zone
in the deep borehole PD-9 (Fig. 4) than it was proposed
by Birkenmajer et al. (1979). The borehole runs down to
the depth of ca 360 m through highly tectonized Upper
Cretaceous strata of the Grajcarek Unit. Below, the main
dislocation displaces to the south; it is manifested by
a thick zone of intense brecciation at the depth of ca
360 m (Fig. 4). Below this depth, the borehole runs
through Palaeogene strata of the Magura Nappe. Thin
tectonic thrust sheets of the Grajcarek Unit (the Szlach-
towa Formation and the Malinowa Shale Formation)
that occur within the Palaeogene of the Magura Nappe
down to the end of the borehole shows that the main
dislocation has a steep, almost vertical dip at least up to
the depth of 1,200 m.

TAXONOMY OF SELECTED
DINOFLAGELLATE CYSTS

Adnatosphaeridium cf. multispinosum
Williams et Downie, 1966
Fig. 7TN-P

Two specimens of Adnatosphaeridium distinguished by
relatively short processes (up to 10-12 um) were found
in the Bryjarka Member at the depth of 418.4-421.5 m
(Tab. 1.40). They have been distinguished from A. mul-
tispinosum by shorter processes, which in the present ma-
terial possess processes, which length oscillates between
12-14 and 25 pm.

In the original diagnosis of 4. multispinosum, Williams
and Downie (1966) estimate its process length up to 23 um,
without specifying its minimal length.

Apectodinium cf. homomorphum
(Defandre et Cookson, 1955) Lentin et Williams, 1977
Fig. 12D, E

A species of Apectodinium characterized by relatively
small, ovoidal pericyst (20 x 35 um) and relatively long
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(10-15 um) thick processes. Pericyst shape and process
type identical to 4. homomorphum except for their propor-
tions. According to Harland (1979), 4. homomorphum has
pericyst that is larger (44—60 um), whereas its processes are
approximately of the same length as by the specimens deter-
mined as 4. cf. homomorphum that occur in the Szczawnica
Formation (Tab. 1.101).

Areoligera medusettiformis
(Wetzel, 1933) Lejeune-Carpentier, 1938 complex
Figs 6A, B, E-G, I, N-P, 11A,B,D, H, I, M-Q, S

Representatives of two morphologically similar species,
A. medusettiformis and A. coronata, have been grouped in
a complex. Distinguishing of the main difference between
these two species — variable complexity of process expan-
sion and their proximal membrane/ridges — in case of poorly
preserved, commonly squeezed and folded specimens made
their proper differentiation doubtful.

Deflandrea? sp.
Fig. 12F-J

Deflandrea and other peridinioids are typically dor-
so-ventrally compressed, which makes that they usually ap-
pear in palynological slides in a dorso-ventral position. So
it is in case of most peridinioids from the present material.
But two samples from the Bryjarka Member (505.1-509.7
m and 584.3-589.1 m) yielded frequent peridinioid cysts,
which are laterally positioned. Their frequency excludes an
accidental mounting and refects rather their unique lateral
compression.

These forms, questionably included in the genus Deflan-
drea, are bicavate or circumvacate cysts, with one apical
and two antapical horns. Apical horn is commonly termi-
nated with tiny bulb. Endocyst ovoidal in lateral view, en-
dophragm thick and smooth without parasutural features.
Periphragm smooth, devoid of parasutural features except
for occasionally poorly developed ridges in paracingular
area. Periarchaeopyle in intercalary position, but owing to
lateral position, its detail type and shape cannot be deter-
mined (this feature makes that these forms are assigned
questionably to the genus Deflandrea).

Rhombodinium cf. longimanum Vozzhennikova, 1967
Fig. 9L

A species of Rhombodinium resembling R. longimanum
in general cyst shape, particularly by long lateral horns; it
differs in its porous periphragm, which in R. longimanum is
smooth to fnely granulose (see Lentin and Vozzhennikova,
1990).

Rhombodinium sp. A
Fig. 9Q

A single specimen was found in a sample from the depth
of 426.3-431.1 m (Bryjarka Member). This large specimen
shows no paratabulation features, except for the paracin-
gular ridge. Archaeopyle is not visible. Periphragm bears
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infrequent, very short (1-2 um) spikes. Orientation of the
specimen illustrated (Fig. 9Q) is uncertain.

Rhombodinium? sp.
Fig. 11A, B

Two poorly preserved, incomplete specimens found in
the Bryjarka Member (418.4-421.5 m and 505.1-509.7 m)
have been questionably assigned to the genus Rhombodini-
um. Periphragm bears rare, scattered, short, solid processes,
which are atypical for this genus.
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Species list

An alphabetic index of dinocyst taxa found in the PD-9
borehole is provided below. Taxonomic citations can be
found in Fensome et al. (2008).

Achilleodinium? sp. (Tab. 1.20)

Achomosphaera alcicornu (Eisenack, 1954) Davey et Wil-
liams, 1966 (Tab. 1.38)

Adnatosphaeridium multispinosum Williams et Downie,
1966 (Tab. 1.34; Fig. 6H, M)

Adnatosphaeridium cf. multispinosum Williams et Downie,
1966 (Tab. 1.40; Fig. 7N-P)

Adnatosphaeridium vittatum Williams et Downie, 1966
(Tab. 1.13; Fig. 6K)

Alterbidinium? sp. (Tab. 1.10; Figs 5l, J, 11E)

Apectodinium homomorphum (Defandre et Cookson, 1955)
Lentin et Williams, 1977 (Tab. 1.18; Figs 8G, 9C, H, I,
11T)

Apectodinium cf. homomorphum (Defandre et Cookson,
1955) Lentin et Williams, 1977 (Tab. 1.100; Fig. 12D, E)

Apectodinium parvum (Alberti, 1961) Lentin et Williams,
1977 (Tab. 1.25; Figs 8H, J, K, 9F, G, 11U)

Apectodinium quinquelatum (Williams et Downie, 1966)
Costa et Downie, 1979 (Tab. 1.42; Fig. 9D)

Apectodinium summissum (Harland, 1979) Lentin et Wil-
liams, 1981 (Tab. 1.32; Figs 81, 9E)

Apectodinium sp. (Tab. 1.15; Fig. 11C)

Apteodinium sp. (Tab. 1.28; Fig. 7Y)

Areoligera medusettiformis (Wetzel, 1933) Lejeune-Car-
pentier, 1938 complex (Tab. 1.98; Figs 6A, B, E-G, |,
N-P, 11A,B, D, H, I, M-Q, S)

Areoligera sp. (Tab. 1.17)

Batiacasphaera sp. (Tab. 1.91; Fig. 10A, B)

Biconidinium longissimum 1slam, 1983 (Tab. 1.59; Fig. 8P)

Circulodinium? sp. (Tab. 1.4; Fig. 5B)

Cordosphaeridium fibrospinosum Davey et Williams, 1966
(Tab. 1.7; Figs 5L, M, 112)
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Cordosphaeridium inodes (Klumpp, 1953) Eisenack, 1963
(Tab. 1.51; Fig. 7ZA)

Cordosphaeridium? solidospinosum Gedl, 1995 (Tab. 1.85)

Cordosphaeridium sp. (Tab. 1.26)

Cribroperidinium sp. (Tab. 1.60)

Dapsilidinium sp. (Tab. 1.84)

Deflandrea eocenica Baltes, 1969 (Tab. 1.76; Fig. 8N)

Deflandrea leptodermata Cookson et Eisenack, 1965 (Tab.
1.75; Fig. 8Q)

Deflandrea oebisfeldensis Alberti, 1959 (Tab. 1.70)

Deflandrea sp. (Tab. 1.61; Figs 8M, U-W, X, 12C)

Deflandrea? sp. (Tab. 1.67; Fig. 12F, G-J)

Dinogymnium acuminatum Evitt et al., 1967 (Tab. 1.83)

Dinogymnium sp. (Tab. 1.6; Fig. 5F)

Diphyes colligerum (Defandre et Cookson, 1955) Cookson,
1965 (Tab. 1.49; Fig. 7A, B)

Dissiliodinium sp. (Tab. 1.92; Fig. 10V)

Distatodinium ellipticum (Cookson, 1965) Eaton, 1976
(Tab. 1.107)

Dracodinium condylos (Williams et Downie, 1966) Costa et
Downie, 1979 (Tab. 1.102)

Dracodinium laszczynskii Gedl, 1995 (Tab. 1.54; Fig. 8L)

Dracodinium solidum Gocht, 1955 (Tab. 1.86)

Dracodinium waipawaense (Wilson, 1967) Costa et Downie,
1979 (Tab. 1.44; Fig. 9T)

Dracodinium sp. (Tab. 1.50)

Eocladopyxis? sp. (Tab. 1.108)

Escharisphaeridia? sp. (Tab. 1.58)

Glaphyrocysta exuberans (Defandre et Cookson, 1955)
Stover et Evitt, 1978 (Tab. 1.47; Fig. 6S)

Glaphyrocysta laciniiformis (Gerlach, 1961) Stover et Evitt,
1978 (Tab. 1.22)

Glaphyrocysta ordinata (Williams et Downie, 1966) Stover
et Evitt, 1978 (Tab. 1.39)

Glaphyrocysta spineta (Eaton, 1976) Stover et Evitt, 1978
(Tab. 1.23; Fig. 6T)

Glaphyrocysta sp. (Tab. 1.8; Figs 5N, 6Q, R,)

Gonyaulacysta sp. (Tab. 1.46)

Heslertonia heslertonensis (Neale et Sarjeant,
Sarjeant, 1966 (Tab. 1.53)

Heteraulacacysta leptalea Eaton, 1976 (Tab. 1.66)

Homotryblium abbreviatum Eaton, 1976 (Tab. 1.48; Fig. 7Q)

Homotryblium caliculum Bujak, 1980 (Tab. 1.36)

Homotryblium pallidum Davey et Williams, 1966 (Tab. 1.45;
Fig. 7S)

Homotryblium tenuispinosum Davey et Williams, 1966
(Tab. 1.12; Figs 7R, V, 11R)

Hystrichodinium? sp. (Tab. 1.79)

Hystrichokolpoma sp. (Tab. 1.69)

Impagidinium velorum Bujak, 1984 (Tab. 1.64)

Impagidinium sp. (Tab. 1.81; Fig. 7W)

Impletosphaeridium sp. (Tab. 1.52)

Isabelidinium? sp. (Tab. 1.16; Fig. 80, R-T)

Kallosphaeridium praussii Lentin et Williams, 1993 (Tab.
1.90; Fig. 10C, D)

Kallosphaeridium? sp. (Tab. 1.89; Fig. 10P, W)

Lejeunecysta sp. (Tab. 1.35)

Lingulodinium machaerophorum (Defandre et Cookson,
1955) Wall, 1967 (Tab. 1.33)

Lithodinia sp. (Tab. 1.105)

1962)
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Melitasphaeridium asterium (Eaton, 1976) Bujak et al.,
1980 (Tab. 1.82)

Melitasphaeridium pseudorecurvatum (Morgenroth, 1966)
Bujak et al., 1980 (Tab. 1.57; Fig. 7C)

Muderongia? sp. (Tab. 1.5; Fig. 5C)

Nannoceratopsis dictyambonis Riding, 1984 (Tab. 1.87;
Fig. 10F, G, K, U)

Nannoceratopsis gracilis Alberti, 1961 (Tab. 1.88; Fig. 10I,
L,N,O, T, X-2)

Nannoceratopsis raunsgaardii Poulsen, 1996 (Tab. 1.94;
Fig. 10M)

Nannoceratopsis  spiculata  Stover,
Fig. 10ZA, ZB)

Nannoceratopsis sp. (Tab. 1.95; Fig. 10E, H, J)

Nematosphaeropsis reticulensis (Pastiels, 1948) Sarjeant,
1986 (Tab. 1.72; Fig. 7H, I)

Odontochitina sp. (Tab. 1.103)

Operculodinium divergens (Eisenack, 1954) Stover et Evitt,
1978 (Tab. 1.71; Figs 6L, 7U)

Operculodinium microtriainum (Klumpp, 1953) Islam,
1983 (Tab. 1.19; Figs 7ZB. 11V)

Operculodinium sp. (Tab. 1.41; Figs 6C, 7G, X, 11L)

Ovoidinium? sp. (Tab. 1.2)

Palaeocystodinium golzowense Alberti, 1961 (Tab. 1.99)

Palaeohystrichophora infusorioides Defandre, 1935 (Tab.
1.109; Fig. 11J)

Phallocysta elongata (Beju, 1971) Riding, 1994 (Tab. 1.96;
Fig. 10Q)

Phallocysta sp. (Tab. 1.97; Fig. 10R, S)

Phthanoperidinium delicatum Michoux, 1985 (Tab. 1.11;
Figs 8A, B, E, 11K)

Phthanoperidinium sp. (Tab. 1.56; Fig. 8C)

Polysphaeridium subtile Davey et Williams, 1966 (Tab.
1.55; Fig. 7F)

Polysphaeridium zoharyi (Rossignol, 1962) Bujak et al.,
1980 (Tab. 1.14; Fig. 7D, E, K)

Pterodinium sp. (Tab. 1.3; Fig. 5K)

Rhiptocorys sp. (Tab. 1.112)

Rhombodinium cf. longimanum Vozzhennikova, 1967 (Tab.
1.77; Fig. 9L)

Rhombodinium sp. A (Tab. 1.43; Fig. 9Q)

Rhombodinium sp. (Tab. 1.62; Fig. 11W)

Rhombodinium? sp. (Tab. 1.30; Fig. 12A, B)

Rotmestia borussica (Eisenack, 1954) Cookson et Eisenack,
1961 (Tab. 1.74; Fig. 7L)

Senegalinium? sp. (Tab. 1.78; Fig. 8F)

Spinidinium sp. (Tab. 1.72; Fig. 8D)

Spiniferites pseudofurcatus (Klumpp, 1953) Sarjeant, 1970
(Tab. 1.106)

Spiniferites sp. (Tab. 1.1; Figs 5A, G, H, 7J, M, 11F, G)

Subtilisphaera? sp. (Tab. 1.104)

Surculosphaeridium sp. (Tab. 1.110)

Systematophora sp. (Tab. 1.27; Fig. 6D)

Tectatodinium? sp. (Tab. 1.37)

Thalassiphora patula (Williams et Downie, 1966) Stover et
Evitt, 1978 (Tab. 1.24; Figs 6J, 72)

Thalassiphora sp. (Tab. 1.63; Fig. 11Y)

Trithyrodinium? sp. (Tab. 1.65)

Wetzeliella astra Denison in Costa et al., 1978 (Tab. 1.68;
Fig. 9A, B, P)

1966 (Tab. 1.93;
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Wetzeliella meckelfeldensis Gocht, 1969 (Tab. 1.29; Fig. 9U)

Wetzeliella unicaudalis Caro, 1973 (Tab. 1.80; Fig. 9K)

Wetzeliella sp. (Tab. 1.21; Fig. 9J, M-O, R, S)

Wilsonidinium? sp. (Tab. 1.101)

Wilsonidium intermedium (Cookson et Eisenack, 1961)
Costa et Downie, 1979 (Tab. 1.111; Fig. 11X)

Ynezidinium brevisulcatum (Michoux, 1985) Lucas-Clark et
Helenes, 2000 (Tab. 1.31; Fig. 7T)

Yolkinigymnium sp. (Tab. 1.9; Fig. 5D, E)
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