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The Sotokija Graben is a tectonic structure in Roztocze, in southeastern Poland, unique by its infill of Eocene marine strata.
The more than 40 m thick sandy succession is the only well-dated palaeontological evidence of the Eocene marine trans-
gression of an epicontinental sea in this part of Poland: the surrounding area is devoid of coeval marine strata, which were
since eroded away. The Sotokija Graben succession is hence crucial for the palaeogeographic reconstruction of southeast-
ern Poland during the Eocene as well as for the tectonic history of this region. To obtain precise age determination, the 33 m
thick succession of loamy sands that fill the Sotokija Graben at Leliszka and the 4 m thick succession at taszczéwka were
sampled via borehole cores for dinoflagellate cysts. Samples from taszczéwka are barren, whereas those from Leliszka
contain rich and taxonomically diverse assemblages. Their biostratigraphical interpretation supports previous results sug-
gesting a Bartonian age for most of the Sotokija Graben succession; the postulated Priabonian age of its non-calcareous part
was documented in its uppermost part only. The palynological record also allows reconstruction of the sedimentary setting of
the Leliszka succession. The basal part of the Bartonian was deposited in a shallow but extensive marine basin character-
ized by normal salinity and relatively high-energy hydrodynamic conditions. Subsequently, marine basin underwent gradual
shallowing with a temporary halt in sedimentation. During the Late Bartonian the basin became brackish. A short-duration
Early Priabonian marine basin was characterized by shallow-marine conditions; it became brackish during its final stage.
Comparison with neighbouring Eocene deposits of the epicontinental and Carpathian basins shows that the marine basin at
Roztocze was presumably connected with both during the Bartonian, and separated from the Carpathian basin during the
Early Priabonian. Factors controlling the seaway pattern of the Roztocze Basin included eustasy and tectonic movements,
the former dominating during the Bartonian, and co-occurring with uplift of the Meta-Carpathian Swell during the Early
Priabonian.
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INTRODUCTION be Eocene or Oligocene on the base of lithological correlation or
radiometric dating of glauconite. The only exceptions are

palaeontologically dated Eocene and Oligocene sands that oc-

The Middle-Upper Eocene deposits of the epicontinental
sea are widespread in the northern part of Poland whereas they
are absent from the southern parts of the country (the Lower
Eocene, developed mainly as continental strata, is known from
northwestern Poland; Piwocki, 2004). Palaeontological datings
show the presence of marine Eocene strata, from the oldest
Lower?—Middle Eocene in the northwestern Poland (the Tanowo
Formation), through to the most widely distributed Middle and
Upper Eocene. The southern boundary of the present-day con-
tinuous Eocene occurrence, which is erosional (e.g., Piwocki,
2004), runs approximately along the northern slopes of the
Lublin Upland and along a similar latitude in western Poland
(Fig. 1A). South of this line, only scattered sites with glauconitic
sands of uncertain age occur; they commonly lack
palaeontological documentation, and their age is suggested to
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cur in the vicinity of Tarnogrod (Carpathian Foreland; Gedl, 2000;
Mysliwiec and Smist, 2006) and glauconitic sands that fill the
Sotokija Graben at Roztocze (Fig. 1B). The latter structure,
2-3 km wide and 20 km long, was discovered by Kulczycka
(1975) and later documented during geological mapping
(Buraczynski and Krzowski, 1994; Cieslinski et al., 1994;
Rzechowski, 1997). The Eocene succession of the Sotokija
Graben was dated by Gazdzicka (1994; calcareous
nannoplankton) and Krzowski (1993; glauconite dating) in bore-
holes from the western part of the graben near Tomaszéw
Lubelski. Both methods gave similar results pointing to a Middle
Eocene (Bartonian) age — calcareous nannoplankton zone NP16
and 39.5-42.2 + 3.0 myr absolute argon age of glauconite.
Stodkowska (in Buraczynski and Rzechowski, 1998) dated or-
ganic-walled phytoplankton and suggested its Priabonian age in
the upper, non-calcareous, part of the succession.

The present study focuses on dinoflagellate cysts from a
complete sequence of sands from a central part of the Sofokija
Graben. The succession, 33 m thick, drilled at Leliszka was
sampled: twenty seven samples yielded rich and diverse ma-
rine dinoflagellate cyst assemblages analysed for
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Fig. 1. Location of the boreholes studied and geology of the study area

A — location of the Sotokija Graben (arrowed) on the map with extent of the Middle—Upper Eocene deposits in Poland (based on Grabowska
and Stodkowska, 1993; Piwocki, 2004; Stodkowska, 2004; Mysliwiec and Smist, 2006); B — geological map of the Sotokija Graben (from
Cieslinski et al., 1994, simplified): 1 — Quaternary, 2 — Pliocene, 3 — Miocene, 4 — Middle-Upper Eocene, 5 — Upper Cretaceous
(Maastrichtian), 6 —faults, 7 — cross-section line, 8 — borehole, 9 — Leliszka borehole, 10 — taszczéwka borehole; cross-section through the
Sotokija Graben attaszczéwka (A-B after Buraczynski et al., 1992, from Buraczynski and Krzowski, 1994, simplified); cross-section through
the Sotokija Graben at Leliszka (C—D from Rzechowski and Kubica, 1995, simplified); C — taszczéwka and Leliszka boreholes with the posi-
tion of the samples studied; D — lithology of the Eocene succession in the basal part (depth 38.6 m); E — lithology of the Eocene succession in
the uppermost part (depth 5.1 m)
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biostratigraphy. Their presence confirms earlier data pointing to
an Eocene marine transgression that covered Roztocze and
shows that southeastern Poland, a region believed to be emer-
gent during the Paleogene, was at least partially covered by a
brief marine incursion.

GEOLOGICAL BACKGROUND

The Lublin Upland and the Roztocze area are elevated
structures in relation to the Carpathian Foredeep to the south,
and the Podlasie Depression to the north. They represent a part
of the Lublin Syncline that is located at the southeastern periph-
eries of the Mid-Polish Swell, a structure that was formed by in-
version of the Mid-Polish Trough along the older, pre-Miocene
fault systems (the Teisseyre-Tornquist Zone; e.g., Kutek, 2001)
between the Precambrian East European Craton and the Pa-
leozoic (epi-Variscan) West European Platform (e.g., Ziegler,
1988; Fig. 1A) during the latest Cretaceous—Paleogene, with its
final stage during the Neogene Neo-Alpine orogeny of
Carpathians (e.g., Ney et al., 1974; Zelichowski, 1974;
Krzywiec, 2006, 2007). Inversion was initiated by stress in-
duced by northwards migrating plates of the Alps and
Carpathians during their collisional phases. The earliest uplift
movements took place during the Late Cretaceous—Paleocene
but their precise age is not known. In its central part the
Mid-Polish Trough is covered by Eocene deposits what sug-
gests that its uplift ended before the Eocene (e.g., Krzywiec,
2006). The Paleogene succession in the southern part of the
Mid-Polish Trough, which is built mainly of Upper Cretaceous
strata (e.g., Hakenberg and Swidrowska, 2001) consists of the
Lower Paleocene and Middle—-Upper Eocene. This occurs
mainly in the northern part of the Lublin Upland, whereas its
central and southern parts are virtually devoid of strata of this
age. Some isolated, poorly dated patchy deposits of presum-
ably Eocene age in this area show that their present-day distri-
bution is a result of erosion. The same refers to Roztocze which
is virtually devoid of strata of these ages except of the Eocene
succession in the Sofokija Graben (Fig. 1B; some isolated outli-
ers believed to represent the Eocene have no palaeontological
evidence; see Buraczynski and Krzowski, 1994). Erosion was
also presumably partly responsible for removing Oligocene ma-
rine deposits, which occur as isolated inliers in the neighbouring
Carpathian Foredeep near Tarnogréd (Gedl, 2000). Erosion of
marine Paleogene strata in southeastern Poland is supported
by the occurrence of frequent reworked dinoflagellate cyst
specimens in the Miocene of the Carpathian Foredeep and
Roztocze (Gedl, 2012). The Miocene strata on Roztocze, ge-
netically related to the Foredeep Basin, show a completely dif-
ferent development than the basinal facies of the latter basin. It
comprises shallow-marine organodetrital and sandy facies and
its thickness reaches only several tens of metres (e.g., Musiat,
1987; Buraczynski, 1997; Wysocka, 2002) compared to almost
2000 m of fine-grained siliciclastic deposits in the basinal part of
the Foredeep Basin (e.g., Ney et al., 1974). These facies differ-
ences show that, during the Middle Miocene, Roztocze was al-
ready uplifted in relation to the main part of the Foredeep Basin.

MATERIAL

Two sites with Eocene strata within the Sotokija Graben
have been studied: an exposure and a shallow borehole at
taszczéwka and a borehole at Leliszka.

taszczéwka. Three samples were collected from a shallow
hand-drilled borehole at taszczéwka. The borehole was situ-
ated in the Sofokija River valley, north of the river (Fig. 1B).
Here, Eocene greenish sands occur below a 1.0-1.5 m thick
Quaternary cover, being locally exposed where Quaternary
sands have been quarried away. A hand-drilled borehole
reached the 4 m thick topmost part of the Eocene succession
composed of lemon-greenish medium-grained, loamy, non-cal-
careous, quartz-glauconitic sands (Fig. 1C). The complete
Eocene profile here, penetrated by the neighbouring
Piekietko-30 borehole, is 40 m thick (Buraczynski and Krzowski,
1994) so the succession studied presumably represents its top-
most part.

Leliszka. A total of twenty seven samples were collected for
the present study from a 33 m thick succession drilled at
Leliszka. The samples were supplied to the author by Tadeusz
Krol (UMCS in Lublin); no closer examination of the core was
possible by the author. The borehole was located on the west-
ern bank of the Sofokija River, ca. 1.2 km north of the Krynica
Betzecka (vel Zrodio) River junction with the Sotokija River (see
Rzechowski and Kubica, 1995; Fig. 1B). The Eocene succes-
sion studied rests on Upper Maastrichtian marl (see Gazdzicka,
1994). It consists of fine- to medium-grained quartz-glauconitic
loamy sands, which in their lower part are calcareous (interval
18.3-38.0 m; Fig. 1D), whereas in the upper part they are
non-calcareous (Fig. 1C). The uppermost part of the calcareous
interval of some 20-30 cm thick (sample 18.3—18.5 m) is paler
coloured (beige to pale grey) than the sands below and above;
the sand at this depth is more lithified and has a higher carbon-
ate content than the strata below (it can presumably be corre-
lated with a marly limestone layer, up to 20 cm thick, described
from the top of the calcareous sands of the Sotokija succession;
e.g., Cieslinski and Rzechowski, 1993). Muddy sands just
above (sample 18.2—18.3 m and above) are fine-grained, easily
disintegrable and contain no carbonates. They show
grey-greenish colouration, which becomes intensly green in its
upper part, presumably due to a higher content of glauconite,
and lemon-green at the top (samples: 8.8-8.95 m, 7.1-7.25 m,
5.0-5.2 m; Fig. 1E). Sample positions are shown in Figure 1C.

METHODS

The samples were processed in the micropalaeontological
laboratory of the Institute of Geological Sciences, Polish Acad-
emy of Sciences, Krakéw. The palynological procedure applied
included 38% hydrochloric-acid (HCI) treatment, 40% hydroflu-
oric-acid gHF) treatment, heavy-liquid (ZnCl, + HCI; density
2.0 g-cm™) separation, ultrasound for 10-15 s and sieving at
10 pm on a nylon mesh. Nitric-acid (HNO3) treatment was not
applied.

The quantity of rock processed was 120 g for each sample.
Palynological slides were made from each sample using glycer-
ine jelly as a mounting medium. The rock samples,
palynological residues and slides are stored in the collection of
the Institute of Geological Sciences, Polish Academy of Sci-
ences, Krakow.

Dinoflagellate cysts were analysed for their diversity; at
least 300 cysts were counted except for samples from depths
10.3-10.5, 8.8-8.95 and 5.0-5.2 m, which contain impover-
ished assemblages. On this basis, the Shannon-Weaver diver-
sity index (H’) was calculated as: H’'= —x?p; In(p;) where p;is the
relative abundance of each taxon; the Shannon-Weaver index
was expressed as: e, Palynofacies elements were counted up
to 500.


https://gq.pgi.gov.pl/article/view/7402
https://gq.pgi.gov.pl/article/view/7402
https://geojournals.pgi.gov.pl/asgp/article/view/12367
https://gq.pgi.gov.pl/article/view/8298
https://gq.pgi.gov.pl/article/view/8298
https://gq.pgi.gov.pl/article/view/7881
https://gq.pgi.gov.pl/article/view/8300

710 Przemystaw Ged|

RESULTS

EASZCZOWKA

Samples from this site appeared to be barren; they contain
no palynological organic matter.

LELISZKA BOREHOLE

All samples from the Leliszka borehole contain
palynological organic matter. A characteristic feature of almost
all samples is a high proportion of aquatic palynomorphs,
mainly marine dinoflagellate cysts (Appendix 1*), which fre-
quently attain 30-70%. The latter are commonly mechanically
damaged; this refers especially to large specimens, which usu-
ally occur as isolated processes or cyst fragments only.

Palynofacies. Palynofacies composition is generally uni-
form throughout the succession studied except in its uppermost
part. Interval 17-38 m is characterized by a frequent occur-
rence of dinoflagellate cysts, which are the most common
among palynomorphs; their percentage ranges from 30 to over
70%. They are associated with small-sized palynodebris repre-
sented by black opaque and dark brown phytoclasts and cuticle
remains, sporomorphs (mainly bisaccate pollen grains) and
other aquatic palynomorphs such as foraminifera,
Pterospermella, Tasmanites, Cymatiosphaera, Paucilobimor-
pha. Exceptions within the 17-38 m interval are samples from
the depth of 20.0-22.9 m, where the dinoflagellate cyst propor-
tion decreases to a few percent, and a major palynofacies com-
ponent is structureless particles. The latter occur in a higher
percentage once again in a sample from the depth 18.3—-18.5m
(the topmost part of the calcareous interval) but here
dinoflagellate cysts represent almost 60%.

The interval from 11.2 to 15.9 m is dominated by small cuti-
cle remains and dark brown phytoclasts; the dinoflagellate cyst
proportion is 20 (in the lower part of this interval) to 40% (upper
part). A significant change in palynofacies composition is noted
in two samples from the depths 10.3—10.5 and 8.8-8.95 m; they
contain very low amounts of palynological organic matter,
which consists of large black phytoclasts and pollen grains;
dinoflagellate cysts are rare in both samples: they are up to 2%
in the sample from depth 10.3-10.5 m, and 1% in the sample
from depth 8.8-8.95 m. Two higher samples (8.5-8.7 and
7.1-7.25 m) contain much higher amounts of palynological or-
ganic matter; their characteristic feature is a high percentage of
aquatic algae (e.g., Tasmanites, Pterospermella,
Cymatiosphaera, Leiosphaeridia) which, while occuring in al-
most all other samples, here reach proportions of 10%
(8.5-8.7 m) and 30% (7.1-7.25 m). The dinoflagellate cyst per-
centage from these depths is 30—40%. The topmost sample
(5.0-5.2 m) contains, as do samples from depths 10.3-10.5
and 8.8-8.95 m, low amounts of palynological organic matter,
which also consists of large black phytoclasts and pollen grains;
dinoflagellate cysts represent a few percent there.

Dinoflagellate cyst assemblages. Dinoflagellate cyst as-
semblages from most of the succession studied show a gener-
ally uniform composition; only the uppermost samples yielded
significantly different assemblages (Appendix 2; Figs. 2-5).

Samples from the lower, calcareous interval (18.3—38.7 m),
yielded rich and taxonomically diverse assemblages (with a
Shannon-Weaver index usually higher than 18) characterized
by the predominance of chorate gonyaulacoids (mainly

Spiniferites; ratios of Dapsilidinium, Enneadocysta, Systema-
tophora, Operculodinium, Areosphaeridium, Lingulodinium
vary between the samples) and proximate Batiacasphaera
(Figs. 2 and 4). Characteristically, these chorate gonya-
ulacoid-dominated assemblages are virtually devoid of
Homotryblium, which occurs in a relatively high proportion in a
sample from the depth 35.5-35.7 m only; it occurs in other sam-
ples just as single specimens. Another characteristic feature is
the rare occurrence of peridinioids. These, although present in
all samples (mainly Deflandrea phosphoritica, Wetzeliella
articulata, W. eocaenica, Charlesdowniea spp.), rarely reach
higher proportions. They are most frequent at the depth
36.6-36.8 m (Deflandrea phosphoritica) and particularly at the
depth 25.5-31.7 m where Lentinia serrata forms an acme in the
topmost sample (25.5-25.7 m) representing almost half of the
whole assemblage.

Taxonomically the diversity is the highest in the depth inter-
val 22.7-35.7 m where the Shannon-Weaver index equals 20
or higher; the highest diversity was noted at the depth
34.5-34.7 m (Shannon-Weaver index over 33). Samples with
the highest diversity yielded rare Impagidinium specimens.
Higher, the Shannon-Weaver index drops slightly down to 15 in
the topmost sample from the depth 18.3—18.5 m.

The dinoflagellate cyst assemblages from the basal part of
the upper, non-calcareous interval (depth 15.7-18.3 m), are
similar to those from the calcareous interval: they are com-
posed mainly of chorate gonyaulacoids but without Homo-
tryblium; peridinioids are also relatively rare (Figs. 3 and 4).
Thus, there is no change in the dinoflagellate cyst composition
associated with the transition between calcareous and non-cal-
careous sands at the depth of 18.3 m. However, the distribution
of some taxa in the succession studied may suggest that part of
the dinoflagellate cysts above the depth 18.3 m is reworked
from the basal interval (see Biostratigraphy section). Higher
samples also contain similar gonyaulacoid-dominated assem-
blages though their diversity decreases; Homotryblium occurs
relatively frequently in samples from the depths 14.2—14.3 and
12.5-12.65 m. The diversity of dinoflagellate cyst assemblages
is lower than in the calcareous interval; the Shannon-Weaver
index shows a gradual decline from almost 21 in the basal sam-
ple (18.2—18.3 m) to almost 11 at the depths 12.5-12.65 and
11.2-11.3 m. However, assemblages from basal interval of the
non-calcareous section might be enriched in reworked speci-
mens from the calcareous interval (see Biostratigraphy sec-
tion).

A significant change in dinoflagellate cyst assemblages
takes place in samples from depths 10.3—10.5 and 8.8-8.95 m
(these samples contain also very low amounts of palynological
organic matter composed of large cuticle fragments and pollen
grains): rare dinoflagellate cysts are dominated by Deflandrea.
The diversity of the assemblages in these two samples drops
drastically: the Shannon-Weaver index is below 3 there. A simi-
lar assemblage (and the same palynofacies) is noted from the
topmost sample from the depth 5.0-5.2 m; the Shan-
non-Weaver index is also low at 4.

These two intervals with dinoflagellate cysts dominated by
Deflandrea are separated by an interval (samples 8.5-8.7 and
7.1-7.25 m) with rich and diverse assemblages (the Shan-
non-Weaver index is over 13) characterized by a predominance
of chorate gonyaulacoids and a rarity of peridinioids.
Homotryblium floripes is frequent in both samples.

Additionally, a shark tooth was found during sample pro-
cessing in a sample from the depth 14.2—14.3 m.

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/9q.1167
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Fig. 2. Dinoflagellate cysts from the Leliszka borehole: species characteristic of the basal, calcareous interval
(depth 18.3-38.7 m)

A - Deflandrea arcuata (36.6-36.8 m); B — Operculodinium divergens (36.6-36.8 m); C — Fibrocysta radiata
(33.1-33.3 m); D — Spiniferella cornuta (33.1-33.3 m); E — Diphyes colligerum (36.6-36.8 m); F, G — Hystrichokolpoma
globulus (36.6—36.8 m; same specimen, various foci); H, | — Corrudinium incompositum (31.6-31.7 m; same specimen,
various foci); J, K — Tectatodinium pellitum (33.1-33.3 m; same specimen, various foci); L-N — Wetzeliella eocaenica
(36.6—36.8 m; same specimen, various foci); O — Chiropteridium eocaenicum (34.5-34.7 m); P — Charlesdowniea
coleothrypta (33.1-33.3 m); Q — Spiniferites pseudofurcatus (36.6—-36.8 m); R — Wetzeliella articulata (38.6-38.7 m); S,
T — Charlesdowniea variabilis (35.5-35.7 m); U — Glaphyrocysta semitecta (33.1-33.3 m)
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Fig. 3. Dinoflagellate cysts from the Leliszka borehole: species characteristic of the upper,
non-calcareous interval (5.0-18.5 m)

A — Phthanoperidinium comatum (14.2—14.3 m); B-D — Cribroperidinium giuseppei (same specimen, various
foci; 14.2-14.3 m); E — Cerebrocysta bartonensis (11.2—11.3 m); F — Hystrichostrogylon coninckii (8.5-8.7 m); G
— Lentinia serrata (18.2-18.3 m); H — Homotryblium floripes (8.5-8.7 m); | — Heterelaucacysta porosa
(8.5-8.7 m); J — Wetzeliella simplex (14.2—14.3 m); K — Rhombodinium perforatum (8.5-8.7 m); L — Samlandia
chlamydophora (12.5-12.65 m); M — Cordosphaeridium funiculatum (15.7-15.9 m); N — Wetzeliella simplex
(15.7-15.9 m); O, P — Homotryblium floripes (same specimen, various foci, 12.5-12.65 m); Q -
Membranophoridium aspinatum (7.1-7.25 m); R — Areosphaeridium michoudii (15.7-15.9 m); S — Deflandrea
phosphoritica (5.0-5.2 m)
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Fig. 4. Dinoflagellate cysts from the Leliszka borehole, SEM microphotographs

A, B — Wetzeliella eocaenica (A: 33.1-33.3 m; B: 34.5-34.7 m); C — Wetzeliella articulata (33.1-33.3 m); D — Charlesdowniea coleothrypta
(33.1-33.3 m); E — Dapsilidinium pseudocolligerum (33.1-33.3 m); F — Glaphyrocysta semitecta (33.1-33.3 m); G — Charlesdowniea
variabilis (33.1-33.3 m); H — Areosphaeridium diktyoplokum (33.1-33.3 m); | — Areosphaeridium michoudii (33.1-33.3 m); J — Homotryblium
aculeatum (34.5-34.7 m); K — Spiniferites ramosus (33.1-33.3 m); L — Lentinia serrata (29.4—29.55 m); M — Batiacasphaera sp.
(29.4-29.55 m); N — Tectatodinium pellitum (31.6-31.7 m); O — Deflandrea phosphoritica (34.5-34.7 m); scale bars are 10 um



Przemystaw Ged|

Fig. 5. Dinoflagellate cysts from the Leliszka borehole

A-C — Batiacasphaera hirsuta (same specimen, various foci, 38.6—38.7 m); D—F — Batiacasphaera sp. (same specimen, various foci,
38.6-38.7 m); G-l — Cordosphaeridium minimum: specimen with thin processes (same specimen, various foci, 38.6-38.7 m); J-L —
Cordosphaeridium minimum: specimen with thick processes terminated with massive platforms (same specimen, various foci,); M—O —
Cordosphaeridium minimum: specimen with thin processes united proximally by high ridges, distally terminated by small expansions (same
specimen, various foci, 38.6-38.7 m); P-R — Pyxidiella? sp. (same specimen, various foci, 34.5-34.7 m); S, T — Cannosphaeropsis? sp.
(same specimen, various foci, 25.5-25.7 m); U — Ectosphaeropsis? sp. (7.1-7.25 m); V, W — Elytrocysta? sp. (same specimen, various foci,
34.5-34.7 m); X, Y — Pyxidinopsis? sp. (same specimen, various foci, 32.3-32.4 m); Z — Diphyes cf. ficusoides (25.5-25.7 m); Z1 — Diphyes
colligerum (25.5-25.7 m); Z2 — Cordosphaeridium cf. inodes (34.5-34.7 m); Z3, Z4 — Cleistosphaeridium cf. placacanthum (22.7-22.9 m); Z5
— Dracodinium cf. rhomboideum (33.1-33.3 m)
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INTERPRETATION

BIOSTRATIGRAPHY

The Leliszka borehole succession vyielded rich
dinoflagellate cyst assemblages, which allow its dating. Al-
though many species determined have long stratigraphical
ranges, typical of the Eocene—Oligocene, some have shorter
ranges being thus good age-indicators (Fig. 6).

Species with well-established stratigraphical ranges that
occur throughout the whole succession studied include
Areosphaeridium michoudii and Operculodinium divergens.
The former is known from the Ypresian to basal Priabonian of
the North Sea (Bujak, 1994) whereas O. divergens occurs in
the Bartonian—Middle Rupelian (Williams et al., 1993). Their
co-occurrence suggests a Bartonian—lowermost Priabonian
age of the Leliszka borehole succession.

Dinoflagellate cyst assemblages from the basal, calcareous
part of the Leliszka borehole succession (18.3-38.7 m) are
generally similar; they show high taxonomical richness (Fig. 7).
This suggests that this interval was deposited during a single
sedimentary event. Many species occur in the basal calcareous
part; their scattered occurrences in the upper, non-calcareous
part (5.0-18.3 m) are presumably the result of reworking.

The Bartonian age of the basal, calcareous part is based on
the occurrence of Chiropteridium eocaenicum, Charlesdowniea
variabilis, Enneadocysta arcuata, Enneadocysta multicornuta,
Cerebrocysta bartonensis, Corrudinium incompositum, and
Lentinia serrata (Fig. 6).

Chiropteridium eocaenicum occurs in the basal part, up to
the depth 25.5-38.7 m (higher, only a single, presumably re-
worked specimen was found at the depth 18.2—18.3 m) — this
species was described from the Bartonian (Heilmann-Clausen
and Simaeys, 2005; rare specimens have been found also in
the Priabonian); Vasilyeva (2013) reported it from the upper
part of the Bartonian of Kazakhstan.

Charlesdowniea variabilis occurs in the same interval as
does C. eocaenicum (25.5-38.7 m); this species was described
by Bujak (1980) from the Lower Barton Beds, England, corre-
lated by Aubry (1986) with the topmost part of the NP16 Zone,
i.e., the basal Bartonian (Berggren et al., 1995). According to
Bujak et al. (1980) the total range of C. variabilis in southern
England is limited to the uppermost Lutetian—Bartonian, i.e., the
upper part of the NP16 Zone to the NP17 Zone (Aubry, 1986).

Enneadocysta arcuata (occurring in the lower part of the
Leliszka succession up to the depth of 17.1 m) and Enneado-
cysta multicornuta (occurring in 18.3-36.8 m interval; a single
specimen occurs also in the topmost part at the depth of
8.5-8.7 m) have their lowermost occurrences in the basal
Bartonian (Bujak, 1976).

Rare specimens of Cerebrocysta bartonesis occur through-
out most of samples studied; its lowest occurrence is noted in
the sample from depth 36.6—36.8 m, whereas its highest occur-
rence is noted in the sample from depth 8.5-8.7 m. According to
Bujak et al. (1980) this species appeared for the first time in the
earliest Bartonian and disappeared in the Late Bartonian.

Corrudinium incompositum, which occurs throughout the
whole section studied, has its first appearance, like C.
bartonensis, in the earliest Bartonian (Bujak et al., 1980).
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Fig. 6. Biostratigraphy of the Eocene succession of the Leliszka borehole

Highest and lowest occurrence data of selected species from the material studied; (1) and (2) by Dracodinium rhomboideum refer to two
consistent occurrences of this species
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Lentinia serrata occurs in the calcareous part (except for the
basal sample from the depth 38.6—-38.7 m) and in the basal part
of the non-calcareous interval up to the depth 17.1 m (higher, a
single specimen was found at the depth 12.5-12.65 m); the
presence of this species suggests the youngest age of all spe-
cies noted above: L. serrata is believed to have appeared for
the first time in mid latitudes during the Middle Bartonian (Bujak
et al., 1980). Williams et al. (2004) dated this event as 40 Ma
and correlated it with middle part of Chrone 18. Berggren et al.
(1995), in turn, correlated this age with the basal part of the
NP17 Zone. Correlation of the lower part of the Leliszka suc-
cession (above 36.8 m) with the Middle—Upper Bartonian can
be confirmed by the occurrence of a single specimen of
Enneadocysta fenestrata in the sample from depth
33.1-33.3 m; Bujak (1976) described this species from the up-
per part of the Middle Barton Beds and the Upper Barton Beds
— Aubry (1986) correlated this interval with the NP17 Zone, i.e.,
the Middle and Upper Bartonian (Berggren et al., 1995).

A lack of Lentinia serrata in the lowermost sample
(38.6—-38.7 m) may indicate that the 2 m thick basal interval rep-
resents the lower part of Bartonian, that may be correlated with
the topmost part of the NP16 Zone (see Berggren et al., 1995).
This interpretation can be supported by the occurrence of Gen.
et spec. indet. sensu Gedl 2013 described by the author from
strata of presumably Lower Bartonian age (Gedl, 2013).

Some other species found in the basal part of the Leliszka
succession are known from deposits older than the Bartonian.
But their frequent and regular occurrence in the material stud-
ied suggests that they are in situ there.

Wetzeliella eocaenica occurs throughout the whole calcare-
ous interval; this species was described by Agelopoulos (1967)
from Eocene clay at Heiligenhafen (dated as Lower and Upper
Eocene; see also Agelopoulos, 1964), but it is known mainly
from Lower Eocene strata (Caro, 1973, as W. pachyderma;
lakovleva in Andreeva-Grigorovich et al., 2011). Vasilieva (in
Andreeva-Grigorovich et al., 2011) reported it also from
Bartonian.

Fibrocysta radiata occurs in the middle and upper part of the
calcareous interval; it was described by Morgenroth (1966)
from the Lower Eocene of north Germany and Belgium; Kothe
and Piesker (2007) reported it from Ypresian—Lutetian of north
Germany. These data may suggest that F. radiata is reworked,
but this species was reported from the Popiele Beds in the Pol-
ish Carpathians dated as Lower Bartonian (sample Kns3; Gedl,
2013).

Hystrichokolpoma globulus (occurring in the basal part,
35.5-36.8 m) is another species that is known from strata older
than the Bartonian. It was described by Michoux (1985) from
the topmost part of the Ypresian. But Heilmann-Clausen and
Simaeys (2005) noted presence of this species also in the
Bartonian.

The sample from the depth 25.5-25.7 m yielded two speci-
mens of Hemiplacophora semilunifera. The range of this spe-
cies is believed to be restricted to the Priabonian in the northern
hemisphere (Wiliams et al., 2004), which contradicts the
Bartonian age-interpretation of the basal part of the Leliszka
succession. But in the high-latitudes of the southern hemi-
sphere this species is also known from the Bartonian (Williams
et al., 2004).

The lowermost part of the upper, non-calcareous interval
contains species which appear frequently in the middle part of
the lower interval, such as Chiropteridium eocaenicum. The
re-occurrence of these rare specimens suggests that they are
reworked. This, in turn, may be an indication of increased ero-
sion of older deposits that took place during the initial stage of
accumulation of the non-calcareous sands. This event seems

to be associated with a possible hiatus marked by a 20 cm car-
bonate layer.

Wetzeliella simplex, that occurs at depths from 14.2 to
15.9 m only (Fig. 6), is known from Middle Eocene strata. It was
described by Bujak (1980) from the Upper Barton Beds, which
are correlated with the upper part of the NP17 Zone (Aubry,
1986). The same range was reported by Bujak et al. (1980)
while Bujak (1979) restricted the total range of this species to
the upper Middle and Upper Barton Beds correlated with the
NP17 Zone (Aubry, 1986). The presence of W. simplex at the
depth 14.2—-15.9 m suggests that this interval can be correlated
with the Upper Bartonian and the NP17 Zone. As a conse-
quence, the lower part of the non-calcareous succession of the
Leliszka borehole, at least to the depth of 14.2 m, and a sup-
posed hiatus (between the calcareous and non-calcareous in-
tervals) are also Bartonian in age.

Samples from the higher interval of the non-calcareous suc-
cession (11.2-13.4 m) contain no Wetzeliella simplex. But their
assemblages are generally similar to the ones from the lower
samples, so their Late Bartonian age can be accepted. Impov-
erished assemblages (very rare specimens, dominated by
Deflandrea) from samples from the overlying interval
(8.8—10.5 m) cannot be used for dating; this interval may repre-
sent either the Upper Bartonian or the Lower Priabonian. A clue
to its age may be the occurrence of Dracodinium rhomboideum
in the interval 10.3-13.4 m (if not reworked — this is the second
interval with this species: the first is in the basal part of the suc-
cession): the highest occurrence of this species in the Norwe-
gian-Greenland Sea is correlated with the lower part of NP17
Zone (Eldrett et al., 2004). But earlier studies suggest a slightly
older highest (top of the NP16) occurrence of this species
(Coninck, 1986; Bujak and Mudge, 1994).

The age of the overlying topmost interval (5.0-8.7 m) is
Lower Priabonian. This interpretation is based on the co-occur-
rence of Rhombodinium perforatum, a species of which the first
appearance in earliest Priabonian is widely accepted (e.g., Wil-
liams and Bujak, 1985), and Areosphaeridium michoudii, which
appeared for the last time in the North Sea Basin during the
Early Priabonian (Bujak and Mudge, 1994). The latter event
was correlated by Bujak and Mudge (1994; see also Bujak,
1994) with the top of the NP18 Zone. A younger, Upper
Priabonian age of the youngest strata of the Leliszka borehole
can be suggested if the data presented is correlated with the
Carpathian ranges of both species. A. michoudii and R.
perforatum were described by the author from Upper Eocene
strata of the Magura Basin correlated with the NP19-20 Zone
(Gedl, 2004; Gedl and Leszczynski, 2005). But the youngest
assemblages from the Leliszka succession do not contain
Reticulatosphaera actinocoronata, a characteristic species that
appeared for the first time in Carpathian basins during the same
zone (Gedl, 2004; Gedl| and Leszczynski, 2005). Therefore, the
Lower Priabonian age of the three topmost samples from the
borehole studied can be correlated with the topmost part of the
NP17 Zone and the NP18 Zone. This age is supported by the
occurrence of Cordosphaeridium  funiculatum (samples
15.7-15.9, 13.2-13.4 and 11.2-11.3 m) which, according to
Williams et al. (2004 ), appeared for the last time during the Mid-
dle Priabonian, i.e., almost at the same time when R.
actinocoronata appeared for the first time (e.g., Brinkhuis and
Biffi, 1993).

REWORKED DINOFLAGELLATE CYSTS

Reworked Mesozoic dinoflagellate cysts in the material
studied represent Jurassic and Cretaceous taxa (Appendix 2).


https://gq.pgi.gov.pl/article/downloadSuppFile/12683/2306
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Jurassic taxa are represented by Ctenidodinium combazii (Late
Bajocian—Earliest Callovian; Riding and Thomas, 1992),
Ctenidodinium continuum (latest Bajocian-earliest Oxfordian;
Stover et al., 1996), presumably also Rhynchodiniopsis? sp.
and Pareodinia sp.; they occur mainly in the lower, calcareous
part of the succession. Their presence suggests erosion of Ju-
rassic rocks (see e.g., Dayczak-Calikowska and Kopik, 1976;
Dayczak-Calikowska and Moryc, 1988; Dayczak-Calikowska,
1997) during deposition of the Leliszka succession.
Cretaceous taxa have a broader distribution in the material
studied; rare specimens occur also in the non-calcareous part.

Cretaceous taxa such as Odontochitina operculata
(Barremian-earliest Maastrichtian; Stover et al., 1996) and
Palaeohystrichophora  infusorioides  (Late  Albian—Early

Maastrichtian; Williams et al., 2004), were eroded from Upper
Cretaceous rocks that underlie the Paleogene and Neogene at
Roztocze (see e.g., Hakenberg and Swidrowska, 2001). Some
others such as Muderongia perforata (although described from
the Turonian by Alberti, 1961, but presumably reworked there:
see Davey and Verdier, 1974 and Monteil, 1991),
Cribroperidinium sp. and, possibly, Pyxidiella? sp. may derive
from Lower Cretaceous (Valanginian—Hauterivian strata) that
also occur in the substratum (e.g., Swidrowska, 2007).

There are no Paleocene taxa in the material studied. The
presence of reworked Early Eocene species is disputable — see
Biostratigraphy section. Beside the species discussed, single
specimens of Wetzeliella meckenfeldensis and Wilsonidinium
echinosuturatum have been found. Their stratigraphical ranges
are limited to the Ypresian and Lutetian respectively (Williams
et al., 2004); this suggests that these specimens are reworked,
although some authors report their occurrence in the Bartonian
also (e.g., Heilmann-Clausen and Simaeys, 2005).

The distribution of reworked pre-Eocene taxa is shown in
Appendix 2; they are highlighted by asterisks.

PALAEOENVIRONMENT

The calcareous, basal interval of the Leliszka borehole
(18.3-38.7 m) contains rich and diverse dinoflagellate assem-
blages characteristic of a fully marine shelf environment (see
e.g., Dale, 1996; Fig. 7). They consist of frequent chorate
gonyaulacoids such as  Spiniferites, Operculodinium,
Dapsilidinium, Enneadocysta and Systematophora, proximate
Cribroperidinium and Batiacasphaera, and peridinioids repre-
sented by Wetzeliella and Deflandrea. There are no significant
qualitative changes, suggesting generally stable conditions
throughout accumulation. The only exception is an acme of
Lentinia serrata, which represents 40% of the assemblage in
sample 25.5-25.7 m. The assemblages studied contain almost
no offshore species. Very rare specimens of Impagidinium and
Ynezidinium brevisulcatum (for the palaeoenvironmental pref-
erences of Impagidinium see e.g., Brinkhuis, 1994; Sluijs et al.
2005) have been found in samples from basal part (38.6-38.7,
35.5-35.7, 34.5-34.7 and 29.4-29.55 m). Their presence may
indicate that the basal part of the succession studied was de-
posited in a relatively offshore marine environment compared
to the higher interval, which lacks offshore species. However, it
must be highlighted that /Impagidinium (and morphologically
similar Ynezidinium) occur in the material studied as very rare,
single specimens per sample. Another characteristic feature of
the assemblages from the calcareous interval is the rare occur-
rence of Homotryblium (mainly H. pallidum), a genus widely as-
sociated with near-shore, lagoonal palaeoenvironments (e.g.,

Kéthe, 1990; Sluijs et al., 2005; see also Dybkjaer, 2004). Its
proportion does not exceed 5%, with only sample 35.5-35.7 m
containing 20%. The scarcity of Homotryblium may indicate a
relatively offshore sedimentary setting; this view is supported by
a relatively low percentage of terrestrial particles. However, the
scarcity of Homotryblium may also result from specific condi-
tions, including shore palaeorelief, not suitable for development
of a lagoonal system inhabited by this genus. Common me-
chanical damage of dinoflagellate cysts in the material studied
seem to be a result of relatively high-energy hydrodynamic con-
ditions involved by, e.g., wave activity in the near-shore zone.

Some samples from the uppermost part of the calcareous
interval (22.7-22.9, 20.7-20.9 and 18.3—-18.5 m) show a unique
palynofacies dominated by structureless particles; their pres-
ence indicates exceptional sedimentary conditions.
Structureless organic matter is commonly associated with
anoxic bottom environments (e.g., Batten, 1996). There are no
indications of anoxic conditions in the case of the Leliszka suc-
cession, so the presence of structureless organic matter in the
topmost part of the calcareous interval must reflect some other
specific conditions. Possibly, it may be related to stagnant con-
ditions caused by slowing of the sedimentation rate reflected by
a 20 cm thick marly layer at the top of the calcareous interval.

The basal part of the higher, non-calcareous interval con-
tains similar dinoflagellate cyst assemblages. This may indicate
that the transition between calcareous and non-calcareous in-
tervals occurred in similar palaeoenvironmental conditions. But
the presence of some presumably reworked species, e.g.,
Chiropteridium eocaenicum, in the basal part of the non-calcar-
eous interval, and a possible pause in sedimentation during de-
position of the topmost part of the underlying strata, suggest
that there is a hiatus between these two units, and that erosion
of older strata took place during beginning of accumulation of
the younger unit. Assemblages from the higher part of the
non-calcareous interval show qualitative and quantitative im-
poverishment. In the calcareous interval they are dominated by
chorate  gonyaulacoids  Spiniferites,  Areosphaeridium
michoudii, Operculodinium, Lingulodinium machaerophorum,
Systematophora, proximate Batiacasphaera and peridinioid
Deflandrea. But, many other species present in the lower inter-
val become rare or absent, e.g., Enneadocysta, Hystricho-
kolpoma, Wetzeliella, Charlesdowniea, Dapsilidinium and
Tectatodinium ?grande. Samples from the depths 14.2-14.3
and 12.5-12.65 m show slight enrichment of Homotryblium: 6.5
and 7.0%, respectively. This may indicate shallowing of the ba-
sin, although in samples from 13.2-13.4 and 12.5-12.65 m sin-
gle specimens of Ynezidinium brevisulcatum, an offshore
species, have been found.

A more distinct change of palaeoenvironment is recorded in
the samples from depths 10.3-10.5 and 8.8-8.95 m: quantita-
tively impoverished assemblages are dominated by Deflandrea
specimens. Such an assemblage can be interpreted as indica-
tive of a brackish palaeoenvironment since this genus is com-
monly believed to had been tolerant of low salinity waters (e.g.,
Kothe, 1990; Brinkhuis, 1994; Sluijs et al., 2005).

The higher part of the non-calcareous interval (samples
from depths 8.5-8.7 and 7.1-7.25 m), distinguished by high
proportion of aquatic algae and Homotryblium (H. pallidum and
H. floripes: 12.6 and 13.5%, respectively), was presumably de-
posited in a shallow, partly restricted marine basin.

The topmost sample from depth 5.0-5.2 m, like the ones
from 8.8—-10.5 minterval, yielded a highly taxonomically impov-
erished assemblage dominated by Deflandrea (almost 65%)
pointing to brackish conditions.


https://gq.pgi.gov.pl/article/view/8549
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DISCUSSION

BIOSTRATIGRAPHY

The age-interpretations of previous authors point generally
to a Bartonian age for the lower (calcareous) part of the Sotokija
succession, which agree with the interpretation given in this pa-
per. Some inconsistences may result from various methods
used and/or different intervals studied.

The Eocene succession of the Sofokija Graben was dated
in two boreholes from the north-western part of the graben:
taszczéwka-29 and Piekietko-30 (Fig. 1B) by Gazdzicka
(1994) who correlated the calcareous nannoplankton studied
with the upper part of the Calcareous Nannoplankton Zone
NP16, which, in turn, is correlated with the lower part of the
Bartonian (Berggren et al., 1995). This conclusion was based
on the presence of a few species that have known lowest occur-
rences in the upper part of this zone: Cribrocentrum
faveolatum, Dictyococcites bisectus, Discoaster bifax. These
species occur in the uppermost parts of the profiles studied by
Gazdzicka (1994): Cribrocentrum faveolatum (the lowest oc-
currence at the depth 10.2 m in P-30 borehole), Dictyococcites
bisectus (occurrence in the 9.5-11 m interval in the £-29 bore-
hole), Discoaster bifax (with a lowest occurrence at the depth
11 m in the £-29 borehole), and only in the Piekietko-30 bore-
hole the latter species was found in the basal part (depth
50.5 m). Gazdzicka's results (upper part of the NP16 Zone) can
be correlated with the Lower Bartonian age of the basal 2 m
thick interval of the Sotokija borehole (the upper part of the
NP16 Zone is correlated with the Lower Bartonian; Berggren et
al., 1995). But the higher part of the calcareous interval of the
Sotokija succession is at least of Middle Bartonian age (as indi-
cated by the occurrence of Lentinia serrata), which is younger
than was suggested by Gazdzicka (1994).

The interpretations of Buraczynski and Rzechowski (1998:
p. 59) also point to the Bartonian age of the basal interval. They
referred to the unpublished results of calcareous nanno-
plankton studies from sections at taszczowka, Piekietko,
Leliszka and Hrebenne by Gazdzicka and Smagowicz, and cor-
related the lower (calcareous) part of the succession with the
NP16 and NP17 zones (i.e., generally the same interpretation
as proposed in this paper, but both zones embrace a wide inter-
val of Upper Lutetian—-Bartonian; Berggren et al., 1995) on the
basis of the presence of Discoaster tani nodifer and Discoaster
saipanensis, although both species are known also from the
older NP16 Zone (Perch-Nielsen, 1985; Martini and Muller,
1986; see also Gazdzicka, 1994: fig. 4) and no indications of
NP17 Zone were noted by Gazdzicka (1994). Foraminiferal as-
semblages with Truncorotaloides rohri described from the
same material by Giel and Odrzywolska-Bienkowa (in
Buraczynski and Rzechowski, 1998) were correlated by these
authors with the topmost part of the Middle Eocene
(Buraczynski and Rzechowski, 1998) although T. rohriis known
from a wider time-interval embracing the whole Middle Eocene.
Pozaryska and Locker (1972) described T. cf. rohri from the
Siemien Formation at Siemien; according to them this species
is known in Poland from the Upper Bartonian—Lower
Priabonian interval (see discussion in Uberna and Odrzy-
wolska-Bienkowa, 1977). Berggren et al. (1995) reported T.
rohri from the Lutetian—-Middle Bartonian (P10-P14 zones),
whereas earlier authors reported the range of this species as
limited to the upper part of the P9 to P14 zones correlated then
with the topmost Ypresian—-Bartonian (e.g., Toumarkine and
Luterbacher, 1985).

Dinoflagellate cysts determined by Stodkowska (in Bura-
czynski and Rzechowski, 1998), including Areosphaeridium
diktyoplokum, Lentinia serrata and Wetzeliella ovalis, suggest a
Bartonian age for the lower (calcareous) part of the Sotokija
succession. Precise comparison with Stodkowska'’s data is im-
possible since Buraczynski and Rzechowski (1998) neither re-
ferred to a full species list nor to precise sample location. They
only mentioned a few species, among which the occurrence of
Lentinia serrata and the acritarch Paucilobimorpha may be cor-
related with the high frequency of L. serrata and
Paucilobimorpha in the material studied recorded in the upper
part of the calcareous interval (depth 18.3—29.55 m). The pres-
ence of Lentinia serrata in the material of Stodkowska (in
Buraczynski and Rzechowski, 1998) likely suggests that her
material did not came from the basal interval (the lowermost
Bartonian).

The upper, non-calcareous interval of the Sotokija succes-
sion contains no calcareous microfossils (Buraczynski and
Rzechowski, 1998). Dinoflagellate cysts described by
Stodkowska (in Buraczynski and Rzechowski, 1998) were inter-
preted as younger than Bartonian, but older than Rupelian, i.e.,
their age may be correlated with the Priabonian. This interpreta-
tion partly agrees with the one presented in this paper: the
Priabonian age of the upper (non-calcareous) part of the
Sofokija succession in Leliszka borehole is documented for the
uppermost interval (above 8.7 m) where Rhombodinium
perforatum occurs. The basal part of the non-calcareous inter-
val is Bartonian; its upper part can be correlated with the NP17
Zone.

Comparison of these all available data show the undoubted
Bartonian age of the calcareous interval. A Bartonian age
based on dinoflagellate cysts is consistent with foraminiferal,
calcareous nannoplankton and previous palynological data.
Radiometric datings of glauconite from boreholes obtained by
Krzowski (1993) are also consistent, although less precise:
39.5 + 3.0 Ma from the lowermost part of the Laszczéwka-29
succession, and 42.2 £ 3.0 Ma from the topmost layer of the
Piekietko-30, due to relatively high errors, can be either Late
Lutetian, Bartonian and/or Early Priabonian - the
Lutetian/Bartonian boundary is dated at 41.3 Ma, and the
Bartonian/Priabonian boundary is dated at 37.0 Ma in the stan-
dard chronostratigraphy scale of Berggren et al. (1995).

Another problem refers to a possible hiatus between the
calcareous and non-calcareous intervals suggested in this
study. None of the previous authors who had a chance of closer
descriptions of the Sotokija Graben succession cores report
such a possibility.

CORRELATION WITH OTHER EOCENE SITES OF SE POLAND

Epicontinental basin. The Eocene succession of the
Sofokija Graben is commonly correlated with several other sites
on the Lublin Upland and its vicinity, which are treated as coeval
(e.g., Buraczynski and Rzechowski, 1998: p. 60). They lie to the
north of the Lublin region, in area of Radzyn Podlas-
ki—Siemien—Putawy. The best-known sites are in the vicinity of
Siemien near Parczew. They were known already in the 19th
century (Giedroy¢, 1886), and were widely studied for micro-
and macrofauna in the 1960s and 1970s (Wozny, 1966a, b,
1967, 1977; Uberna and Wozny, 1970; Pozaryska and Locker,
1972; Szczechura, 1977; Pozaryska, 1977); more recently
Kosmowska-Ceranowicz et al. (1990) described also amber
and calcareous nannoplankton there. The Paleogene succes-
sion at Siemien was included by Ciuk (1974) within the upper
part of the Pomerania Beds, later distinguished as the Siemien
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Beds by Pozaryska (1977), now placed in the informal Siemien
Formation (Piwocki, 2002). Itis up to 5 m thick and rests on Up-
per Cretaceous marl and clay overlain by a thin Quaternary
cover; it shows highly uneven development, being commonly
reduced or missing, over distances of a few metres. According
to Piwocki (2002), the Siemier Formation at Siemien consists
of basal transgressive quartz gravel and calcareous
quartz-glauconite sand with phosphorite concretions and fre-
quent macrofaunal remains (thick-shelled bivalves, corals,
bryozoans), which pass upwards to predominantly non-calcare-
ous fine-grained sand and silt (see also Kasinski and
Totkanowicz, 1999). Pozaryska and Locker (1971) correlated
foraminifera from the lower, calcareous, part of the Siemien
Formation at Siemien with the Globigerapsis semiinvoluta Zone
and calcareous nannoplankton with the NP16 Zone. Later, cal-
careous nannolankton from the same deposits were correlated
by Pozaryska (1977) and Kosmowska-Ceranowicz and
Pozaryska (1984) with the NP17 Zone, whereas Miller (in
Kosmowska-Ceranowicz et al., 1990) correlated it with the
NP18 Zone — basal Priabonian (Berggren et al., 1995). A simi-
lar, 3.15 m thick succession of the Siemien Formation was de-
scribed by Mojski et al. (1966) from a borehole at Luszawa,
some 15 km east of Siemien. No microfauna was studied, and
they reported only macrofossils (corals and bivalves) highlight-
ing their similarity to macrofauna from Siemien and suggested
an Upper Eocene age for the Luszawa succession. To the
north, the thickness of the Siemien Formation increases to
15-20 m at Antonin and Branica near Radzyn Podlaski (Uberna
and Odrzywolska-Bienkowa, 1977; Uberna, 1981). The
Eocene at these sites is characterized by tripartite develop-
ment: there are two intervals with quartz gravel, quartz-glauco-
nitic sands and phosphorite concretion levels, the upper level
containing frequent fossils; the third, topmost, interval consists
of fine-grained quartz-glauconitic sands, calcareous in lower
part, and non-calcareous in the upper part. Uberna and
Odrzywolska-Bienkowa (1977) correlated foraminifera assem-
blages from the basal interval with the Truncorotaloides rohri
Zone that was considered as Lower Priabonian at that time. Ac-
cording to Piwocki (2002) the Siemien Formation at Siemien
can be correlated with the middle and upper intervals of the
Antonin and Branica sections. An Upper Eocene foraminifera
assemblage (but different from the one with T. rohri) was de-
scribed by Uberna and Odrzywolska-Bienkowa (1977) from the
basal part of an Eocene succession, over 40 m thick, from a
borehole at Michdw; this succession was included by Piwocki
(2002) within the Siemien Formation.

Some other quartz-glauconitic successions from northern
peripheries of the Lublin region (e.g., at Glinny Stok near
Siemien, Lagko¢ near Michow; Uberna, 1973; Fig. 8) were bar-
ren, and these were correlated with the Siemien Formation on
the basis of lithological similarites (Uberna and
Odrzywolska-Bienkowa, 1977; Piwocki, 2002).

Precise age correlation of the Sotokija succession with the
Siemien Formation is difficult due to lithofacies variability of the
latter, and differing dates based on various fossil groups, the
correlation of which has changed significantly during last few
decades. The Sofokija succession shows a different lithological
development: it is much thicker than the Siemien Formation in
its stratotype, there are neither amber nor frequent
macrofossils that are so characteristic of the Siemien Forma-
tion, nor were phosphorite concretions, so frequent in the
Siemien Formation, observed. The results of most of
biostratigraphical studies show an Upper Bartonian—-Lower
Priabonian age for the Siemien Formation. Pozaryska and
Locker (1971) dated the basal part of the Siemien Formation to
the G. semiinvoluta Zone (now the Porticulasphaera

semiinvoluta Interval Zone) correlated by Berggren et al. (1995)
with the Upper Bartonian—Lower Priabonian, and with the upper
part of the NP17-lower part of the NP19-20 zones (Upper
Bartonian—-Lower Priabonian according to Berggren et al,
1995). This makes foraminiferal dating of Pozaryska and
Locker (1971) partly coherent with interpretations of the calcar-
eous nannoplankton studies of Pozaryska (1977) and
Kosmowska-Ceranowicz and Pozaryska (1984) — NP17 Zone,
and Muller (in Kosmowska-Ceranowicz et al., 1990) — NP18
Zone. The age suggested by Pozaryska and Locker (1971) on
the basis of calcareous nannoplankton (NP16 Zone with
Discoaster tani nodifer, i.e., Upper Lutetian—Lower Bartonian;
Berggren et al, 1995) was criticized by Uberna and
Odrzywolska-Bienkowa (1977) who noted the lack of the index
species in the Siemien assemblages of Pozaryska and Locker
(1971). In such a case, the lower part of the Sofokija succession
is older — Lower Bartonian (upper part of NP16 zone) than the
lower part of the Siemien Formation at Siemien — Upper
Bartonian (P. semiinvoluta Zone). But it must be noted that
Piwocki (2002) suggested that the oldest Eocene strata are ab-
sent at Siemien; they occur near Radzyn Podlaski, where
Uberna and Odrzywolska-Bienkowa (1977) included them to
the T. rohri Zone (dated then as basal Priabonian) — now corre-
lated (as the T. rohri-M. spinulosa Zone = P14 Zone) with the
Middle Bartonian (i.e., lower part of the NP17 zone; Berggren et
al., 1995). However, even then, this oldest part of the Siemien
Formation near Radzyn Podlaski seems to be slightly younger
than the lowermost part of the Sofokija succession.

Piwocki  (2002) referred to unpublished results of
Grabowska and Stodkowska who described dinoflagellate cysts
from the Lublin region, including Siemien; Grabowska noted
there the presence of Areosphaeridium diktyoplokum and
Thalassiphora fenestrata interpreted as indicative of the
Priabonian. However, Piwocki (2002) did not specify in which
part of the Eocene succession these dinoflagellate cysts were
found.

The above-mentioned sites include deposits of which an
Eocene age is documented palaeontologically. There are sev-
eral others on the Lublin Upland that show similar lithology
(mainly glauconitic sands and silts) but their age is disputable —
Paleocene, Eocene, Oligocene or Middle Miocene, depending
on the author. Krzowski (1993) studied glauconite from some of
them and reported a radiometric age which ranges from
Early-Middle Eocene through Late Eocene (e.g., Chetm vicin-
ity, Zukéw, Sporniak; see also Piwocki, 2004; Fig. 8). In cases
such as Radawiec or Czuiczyce, glauconite that gave an
Eocene radiometric age was evidently reworked into Miocene
deposits. No precise dating of the quartz-glauconite sands that
occur east of Lubartéw is yet available; the author’s studies
gave no results, the Lubartéw sands containing no
dinoflagellate cysts. Czurytowicz et al. (2014) treated them as
Upper Priabonian—Lower Rupelian but they gave no evidence
for such an age-interpretation — these authors referred to the
paper of Kasinski and Totkanowicz (1999) and unpublished
data of Kasinski et al. (1997) who correlated these deposits with
the Upper Bartonian—Lower Priabonian Siemien Formation.

Outer Carpathians. A deep-water hemipelagic sedimenta-
tion prevailed in Carpathian basins during deposition of the
Leliszka succession. Continuous successions of the Middle-
and Upper Bartonian and Lower Priabonian strata are repre-
sented mainly by a hemipelagic fine-grained facies known as
the Variegated Shale (interlayering thin-bedded reddish and
greenish claystones and siltstones; locally distinguished as the
Green Shales when no reddish claystone is present) or distal
turbiditic facies of the Hieroglyphic Beds (e.g., Rytko, 2004);
thick-bedded turbidites occur mainly in the southern part of the
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Magura Basin (the Magura Formation; Birkenmajer and
Oszczypko, 1989). A predominance of hemipelagic facies in
the Outer Carpathian basins during the Bartonian and early
Priabonian reflects the high sea level (e.g., Leszczynski and
Uchman, 1991) characteristic of this time interval (see Haq et
al., 1987).

The same facies pattern characterizes the Skole Basin, the
northernmost Carpathian basin that borders with a land area
that surrounds the Carpathian basins from the north — the
Meta-Carpathian Swell (Fig. 8): the Bartonian—Lower
Priabonian of the Skole Basin is represented by the Green
Shales and the Hieroglyphic Beds (e.g., Rajchel, 1990). These
deposits represent the basinal facies of the Skole Basin
whereas the marginal ones are preserved in the form of subma-

rine slump deposits known as the Popiele Beds. Dinoflagellate
cyst analysis of the material from the Popiele Beds at Koniusza
showed that the oldest assemblages occur in clasts of pale-col-
oured marl — they were dated as Early Bartonian (Gedl, 2013)
being thus presumably coeval with the lowermost part of the
Leliszka succession (sample from depth 38.6-38.7 m) — they
contain no Lentinia serrata that appeared for the first time dur-
ing the Middle Bartonian (Bujak et al., 1980; Williams et al.,
2004) and occur in the higher part of the Leliszka succession
(above depth 36.8 m). Their taxonomic composition and
palynofacies were interpreted as indicative of a marine shelf
setting characterized by very low terrestrial influx; frequent
hypersaline-indicative dinoflagellate cysts were interpreted as
an evidence of lagoonal conditions in the hinterland (Gedl,
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2013). Younger, Priabonian assemblages found in the dark col-
oured mudstone that forms the bulk of the Popiele Beds can be
partly correlated with the Priabonian part of the Leliszka suc-
cession (the youngest Late Priabonian assemblages with
Reticulatosphaera actinocoronata from the Popiele beds are
younger than the Early Priabonian of Leliszka; Ged|, 2013).
Palaeoenvironmental interpretation of the Priabonian assem-
blages from the Popiele Beds suggested that they accumulated
in a marine shelf environment which, in contrast to the older
marly lithofacies, was situated in a zone of higher terrestrial in-
flux, including presumably weak fluvial activity in the hinterland
that, during the Early Bartonian, was absent (Gedl, 2013).

PALAEOPROVINCIAL AFFINITY OF DINOFLAGELLATE CYST
ASSEMBLAGES AND THE PALAEOTECTONICS OF ROZTOCZE

Foraminiferal data show that the Late Eocene
epicontinental sea in Poland was influenced by waters from two
faunal provinces: Boreal and Tethyan (Mediterranean). Depos-
its in SE Poland (e.g., the Siemien Formation on the northern
slopes of the Lublin Upland) contain boreal elements showing
that this area was flooded by a transgression that came from
the eastern regions (e.g., Pozaryska, 1977; Pozaryska and
Odrzywolska-Bienkowa, 1977). Tethyan elements found in NW
Poland suggest that there was a connection between the
epicontinental and Carpathian basins through the Moravian
Gate (Piwocki, 2004). These two zones were presumably sepa-
rated by the Mid-Polish Swell that during the Middle-Late
Eocene formed a barrier (Pozaryska and Odrzywolska-
Bienkowa, 1977; Jarosinski et al., 2009). However, precise re-
construction of its structure and the timing of its uplift is uncer-
tain (see e.g., Krzywiec, 2006). Traces of faunal mixing be-
tween these two domains indicates that they were at least peri-
odically connected with each other (Piwocki, 2004) but its pre-
cise reconstruction, especially in the SE Poland, is not possible
due to almost complete removal of the Eocene deposits during
the latest Eocene and/or post-Eocene uplift of the Mid-Polish
Swell and the Meta-Carpathian Swell.

The dinoflagellate cysts from the Leliszka succession show
similarities with those from the Boreal (North Sea) province. Al-
most all species found in the material studied are also known
from localities in the U.K., Denmark, northern Germany and
Belgium (e.g., Eaton, 1976; Bujak et al., 1980; Coninck, 1986,
1995; Bujak, 1994; Heilmann-Clausen and Simaeys, 2005;
Kothe, 2007), but also from the Ukrainian and more eastern
sites (Andreeva-Grigorovich et al., 2011; Vasilyeva, 2013; they
also show similarities to the Bartonian Kisselovia ornata assem-
blage from northwestern Siberia; lakovleva et al., 2000). Many
species from the material studied are believed to be typical
high-latitude ones, e.g., Achomosphaera alcicornu, Lentinia
serrata, Pentadinium laticinctum, Corrudinium incompositum,
Achilleodinium biformoides (Brinkhuis and Biffi, 1993). These
similarities of dinoflagellate cyst assemblages, and particularly
the presence of North Sea species such as Wetzeliella simplex
in the Lieliszki borehole, confirms that this part of the
epicontinental basin in Poland was connected, especially dur-
ing the Bartonian, with basin systems stretching from the North
Sea to the Caspian Sea area (see Pozaryska, 1977: fig. 3).
However, Pozaryska (1977) excluded a North Sea direction of
the transgression that left Eocene deposits in the northern sur-
roundings of the Lublin Upland; according to her it came from
the east (see also Pozaryska and Odrzywolska-Bienkowa,
1977). Odrzywolska-Bienkowa and Pozaryska (1981), in turn,
noted a boreal character of microfauna from Siemien.
Pozaryska (1977) also excluded a direct connection of the

epicontinental basin in SE Poland with the Carpathian basin;
they may have been connected through the Moravia Gate in
SW Poland (e.g., Pozaryska and Odrzywolska-Bienkowa,
1977). But comparison of the Bartonian assemblages with ap-
proximately coeval ones from the marginal deposits of the
Skole Basin ( Outer Carpathians) — the Popiele Beds exposed
at Koniusza — show many common taxa as well (see Ged|,
2013). An undescribed species Gen. et spec. indet. C sensu
Gedl 2013 that occurs in the basal part of the Leliszka succes-
sion is also known from the Lower Bartonian pale coloured
clasts that occur in the Popiele Beds (Gedl, 2013). The same
refers to species such as Corrudinium sp. A sensu Ged| (2013)
or some Batiacasphaera species — their presence in both sites
may indicate that a connection existed with the Carpathian ba-
sin. It must be also remembered that dinoflagellate cysts, as
plankton, could much more easily migrate via surface water cur-
rents, whereas foraminifera known from the Eocene
epicontinental sea, particularly benthic ones, were more bound
by substrate and water depth. Shallow-marine areas on sub-
merged heights between particular basins (as for example the
Meta-Carpathian Swell) were no obstacle for dinoflagellate
cysts, while they may have prevented foraminifera migrations.

Another clue pointing to the existence of at least temporary
connections between epicontinental and Carpathian basins in
SE Poland is the presence in the material studied of species be-
lieved to be typical Tethyan ones — e.g., Hemiplacophora
semilunifera,  Hystrichokolpoma  globulus, Impagidinium
maculatum, Ynezidinium brevisulcatum (see Brinkhuis and
Biffi, 1993). Although their presence at Rozotocze confirms a
seaway existence between these two basins during the
Bartonian it does not unambiguously solve the problem of their
location. The water exchange could have been conducted ei-
ther through the Black Sea—Caspian Sea territories or directly
through the Meta-Carpathian Swell in SW Poland. The latter hy-
pothesis might be suggested by the presence in the material
studied of Impagidinium specimens, which, although infre-
quent, suggests that the Roztocze Basin during the Bartonian
was in connection with an open marine basin. This coincides
with palynofacies and dinoflagellate cysts from the Early
Bartonian clasts from the Popiele Beds from the southern side
of the Meta-Carpathian Swell, which also show a lack of terres-
trial influx (Gedl, 2013). Thus, the epicontinental basin of
Roztocze and the Skole Basin were presumably separated dur-
ing the Bartonian by the Meta-Carpathian Swell, but during a
high-sea level phase it became partly submerged, forming and
island arc allowing exchange between these two basins. On its
southern slopes shallow-marine, lagoonal, environments oc-
curred, inhabited by motile stages of the hypersaline genera
Homotryblium and Polysphaeridium (Ged|, 2013).

This hypothesis opposes the conclusions of Pozaryska
(1977) who compared the foraminifera from the Siemien For-
mation (northern slopes of the Lublin Upland) with the ones de-
scribed by Wojcik (1904) and Syniewska (1937) from the
Popiele Beds. Pozaryska (1977) found no similarities between
assemblages from these two sites; she also compared other
Eocene Carpathian assemblages and suggested that there
was no direct connection between the Late Eocene Carpathian
and the epicontinental marine basins in the Koniusza area. But
it must be highlighted that the lower, fossiliferous part of the
Siemien Formation is rather Bartonian, and Syniewska’s and
Wojcik’'s assemblages come from the fossiliferous matrix of the
Popiele Beds that is Priabonian; dinoflagellate cysts on which
an assumption of connection between Tethyan and
epicontinental basins was based are Bartonian (Middle—Late
Bartonian in the case of the Leliszka succession, and Early
Bartonian in the case of marly clasts from the Popiele Beds). On
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the other hand, however, some species occurring in the mate-
rial studied are absent from the Popiele Beds — this refers to,
e.g., Chiropteridium eocaenicum, Wetzeliella eocenica and
Charlesdowniea variabilis; their absence may reflect isolation of
these two basins also in the Bartonian, but it may also reflect
stratigraphical differences: no Middle-Late Bartonian assem-
blages have been described from the Popiele Beds so far
(Gedl, 2013).

The precise reconstruction of the hypothetical seaways that
connected Roztocze with Carpathian and epicontinental basins
during the Bartonian high sea level phase (Fig. 8) is impossible
due to the scarcity of preserved remnants of coeval deposits in
SE Poland. Most likely the major connections went west of the
present-day Lublin Upland, through the western Ukraine. Lack
of reworked Eocene dinoflagellate cysts in Miocene deposits
south-east of the Holy Cross Mts. (Gedl, 2012) suggests that
this part of the Meta-Carpathian Swell was then land (see e.g.,
Karaszewski, 1966; Liszkowski and Stochlak, 1969; Felisiak,
1992). A disputable reconstruction encompasses the most of
the Lublin Upland region where isolated patches of
quartz-glauconitic deposits of uncertain age, devoid of fossils,
occur (well-dated marine deposits occur on its northern slopes:
see the section Correlation with other Eocene sites of SE Po-
land). Some of these were attributed to the Eocene on the basis
of glauconite radiometric dates (Krzowski, 1993). The others,
e.g., the sands east of Lubartéw, are considered as
Eocene-Oligocene though lack palaeontological evidence
(e.g., Czurytowicz et al., 2014). The lack of fossils suggests that
these deposits accumulated in a very shallow, high-energy en-
vironment (Morawski, 1960; Czurytowicz et al., 2014; note:
Morawski refers to the Oligocene, then widely accepted, age of
the sands at Lubartéw) and/or in continental environments,
such as the presumably residual deposits known as the
Zawichost Sands. In both cases precise dating is barely possi-
ble and, hence, palaesogeographic reconstructions of the Lublin
Upland region for this particular time interval is highly arbitrary.
Nevertheless, the Lublin Upland was presumably already an
uplifted structure in the Bartonian, surrounded to the north, east
and south by marine basins.

The Early Priabonian dinoflagellate cysts from the Leliszka
succession also show taxonomic similarities with Boreal and
Tethyan floras. But composition of their assemblages, particu-
larly their taxonomic impoverishment and frequent occurrence
of near-shore Homotryblium and brackish Deflandrea, con-
trasts with that of coeval and slightly younger assemblages
from marginal Carpathian deposits. Comparison of Priabonian
dinoflagellate cysts from the Leliszki succession and the
Priabonian part of the Popiele Beds at Koniusza (Gedl, 2013)
show significant differences. The ones from Leliszki are charac-
teristic of a restricted marine basin which became brackish,
whereas assemblages from the Popiele Beds show high diver-
sity typical of fully marine, offshore basins, as do ones from
other, more southern localities within the Carpathian orogenic
belt (see e.g., Couvering et al., 1981; Gedl, 1995, 1999, 2004,
2005a, b). Moreover, the palynofacies of the Priabonian depos-
its of the Popiele Beds suggest relatively high terrestrial influx
from the north, i.e., from the Meta-Carpathian Swell that had to
have been emergent during the Priabonian. This suggests iso-
lation of the Roztocze Basin from the Carpathians by the
Meta-Carpathian Swell, which presumably emerged during the
earliest Priabonian and became a barrier separating the
Carpathian and Roztocze basins. According to Pozaryska
(1977: fig. 3) possible connections between these two basins
during Priabonian were through the Moravian Gate (to the west)
and through the Black Sea—Caspian Sea area.
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(Haq et al., 1987)
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Fig. 9. Comparison of eustatic curve with a conceptual curve
of sea level change in the Roztocze area during the Bartonian
and Early Priabonian

Age after Berggren et al. (1995); M.-C.S. — Meta-Carpathian
Swell; s.p.,e.? — sedimentation pause, erosion?

The presence of a marine basin at Roztocze (i.e., the south-
western flank of the Mid-Polish Swell and the northern sur-
roundings of the Meta-Carpathian Swell) indicates that this re-
gion was not influenced by major uplif during the Bartonian, its
appearance was rather caused by eustasy (Fig. 9). This was
presumably also the reason for subsequent shallowing during
the Late Bartonian, which might be associated with a global sea
level fall close to the Bartonian/Priabonian turnover, rather (see
Hagq et al., 1987) than with the uplift of the swell. However, the
latter option cannot be excluded: some small-scale uplift of the
Meta-Carpathian Swell may have taken place: they may have
been responsible for a sedimentary pause/slowdown recorded
at the depth 18.3—18.5 m (Fig. 7). Further shallowing of the ba-
sin may have been caused by both eustasy and uplift of the
Meta-Carpathian Swell; but the latter option seems to be less
plausible since during the Early Priabonian a second transgres-
sion covered Roztocze, and the global sea level during the
Early Priabonian was lower than during the Bartonian (Fig. 9),
and so it could not have flooded elevated areas.

Shallowing of the Priabonian sea at Roztocze, in turn, was
presumably caused by the Mid-Polish Swell uplift in its south-
eastern part since the Priabonian was a time of relatively small
global sea level rise (see Haq et al., 1987; Fig. 9).
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SUMMARY

The biostratigraphical and palaeoenvironmental interpreta-
tion of dinoflagellate cyst assemblages described from the
Leliszka borehole confirms the results of earlier studies sug-
gesting the presence of a marine basin in the Roztocze area
during the Bartonian—Early Priabonian. Its precise extent is un-
known since its deposits are preserved only along the Sofokija
Graben, which is a post-Eocene tectonic structure. Areas be-
yond the Sofokija Graben were eroded during the Oligocene
and Miocene, and the only traces of Eocene transgression are
reworked dinoflagellate cysts preserved in Miocene deposits of
Roztocze and the Carpathian Foredeep Basin (Gedl, 2012).

The Eocene transgression started during the Early
Bartonian; initially this was a relatively extensive (from the pres-
ence of rare Impagidinium specimens in basal part) although
rather shallow basin characterized by high-energy bottom con-
ditions. The latter feature is based on the presence of
glauconite and frequently mechanically damaged dinoflagellate
cyst specimens. There is no sign of large influx of land-derived
material; this shows that during the early stages of the
Bartonian basin at Roztocze there was no nearby large land-
mass with well-developed drainage systems.

The maximum of the Bartonian transgression is presumably
recorded in the basal part of the Leliszka borehole at the depth
of ca. 33—-37 m where highly diverse assemblages occur asso-
ciated with infrequent specimens of the offshore genus
Impagidinium. Higher, a gradual shallowing of the basin is re-
corded that led to isolation of the basin and significant changes
in water chemistry. It was caused presumably by eustatic lower-
ing of sea level characteristic of the latest Batonian (Haq et al.,
1987) although uplift of the Mid-Polish Swell and
Meta-Carpathian Swell cannot be excluded. The latter were
presumably responsible for sedimentation pause or slowdown
reflected in a 20 cm thick layer enriched in carbonates and
structureless organic matter at the depth of 18.3—-18.5 m.
Palaeoenvironmental conditions after this slowdown/pause,
during the Middle—Late Bartonian (correlated with the NP17
Zone; depth 8.8—-18.3 m), presumably due to basin shallowing,
led to deposition of non-calcareous siliciclastic deposits. During
their initial deposition, erosion of older strata took place; this is
shown by the scattered occurrence of species that occur in the
basal part of the underlying calcareous interval. The Bartonian
basin of Roztocze was connected during its initial and late
phases with the North Sea—Black Sea basin system (to the
north-east); the present-day Lublin Upland region was presum-
ably elevated in relation to Roztocze, and it formed a landmass
or shallow-marine “platform” separating it to the north from the
main epicontinental basin. It was also presumably connected
with the Carpathian basins via the Meta-Carpathian Swell that
during the high sea level phase of the Bartonian was presum-
ably submerged. The final stage of the Bartonian basin at
Roztocze (depth 8.8-10.5 m), involved further shallowing, iso-
lation and the waters became brackish.

The topmost interval (5.0-8.7 m) represents strata depos-
ited during the Early Priabonian transgression associated pre-
sumably with coeval global sea level rise (Haq et al., 1987).
This short-lasting event left clastic deposits that had accumu-
lated in an environment characterized by shallow-marine condi-
tions (general impoverishment of taxonomical richness, fre-
quent Homotryblium), that were possibly partly restricted (com-
mon algae). The Roztocze Basin during the initial stages of
Early Priabonian transgression, was separated from the
Carpathians by the emergent Meta-Carpathian Swell (to the
south), and was connected with the epicontinental basin (to the
north-east). It became quickly an isolated basin, presumably

due to uplift of the Rozotocze area. As a consequence, its final
stage, as in the case of the Bartonian basin, was characterized
by brackish conditions (depth 5.0-5.2 m).

SELECTED TAXONOMY

Batiacasphaera hirsuta Stover, 1977
(Fig. 5A-C)

Hair-like projections that cover the autophragm of this spe-
cies show various distributions. Most specimens have a dense
cover of isolated hairs (Fig. 5A—C), but some have hairs that
tend to fuse with each other (referred to commonly as
Batiacasphaera sp.; Fig. 4M). This feature is easily visible un-
der SEM. Some Batiacasphaera sp. specimens seem to pos-
sess very short hairs, barely visible under a light microscope
(Fig. 5D—F).

Cordosphaeridium minimum (Morgenroth, 1966) Benedek, 1972
(Fig. 5G-0)

Specimens included in the present study to this species
have an apical archaeopyle. This feature, noted earlier by
Verteuil and Norris (1996), shows that this species should be
transferred to another genus. The specimens observed also
show various process morphologies that range from relatively
short, massive, striate stems terminated with distinct platforms
(Fig. 5J-L), to much thinner smooth stems with little expansion
at their ends (Fig. 5G-I), united proximally by high septa
(Fig. 5SM-0).

Cannosphaeropsis? sp.
(Fig. 5S, T)

Rare specimens questionably attributed to this genus are
characterized by a large pericoel (Fig. 5S) and processes that
are united distally by thin trabeculae (Fig. 5S). The presence of
a distinct pericoel make this species similar to
Hystrichostrogylon, but the distal connections of the process
are typical of Cannosphaeropsis.

Cleistosphaeridium cf. placacanthum (Deflandre et Cookson,
1955) Eaton, Fensome, Riding et Williams, 2001
(Fig. 573, Z4)

A single specimen similar to C. placacanthum except for
distally connected processes in the antapical area.

Cordosphaeridium cf. inodes (Klumpp, 1953) Eisenack, 1963
(Fig. 522)

A species of Cordosphaeridium that closely resembles C.
inodes; it differs, however, by very short processes.
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Diphyes cf. ficusoides Islam, 1983
(Fig. 52)

A species of Diphyes which seems to represent a transi-
tional form between D. colligerum (Fig. 5Z1) and D. ficusoides.
It resembles the latter by a slightly convex antapical process
(Fig. 5Z), which, however, is thinner, not so “inflated”, as in typi-
cal D. ficusoides.

Dracodinium cf. rhomboideum (Alberti, 1961)
Costa et Downie, 1979
(Fig. 525)

A species of Dracodinium resembling D. rhomboideum in
the rhomboidal outline of the pericyst. The periphragm of this
species shows mosaic structure that differs from the usually
smooth periphragm of D. rhomboideum.

Ectosphaeropsis? sp.
(Fig. 5U)

This species resembles a species cf. Ectosphaeropsis
burdigalenis described by Heilmann-Clausen and Simaeys
(2005) from the basal Priabonian of the Danish Basin.

Elytrocysta? sp.
(Fig. 5V, W)

This species, questionably assigned to Elytrocysta, has a
spherical shape, an apical archaeopyle, and apparently a

two-layered wall separated by densely-distributed short ap-
pendages. The outer, ectophragmal layer bears no parasutural
features.

Pyxidiella? sp.
(Fig. 5P-R)

Rare specimens attributed questionably to this genus have
an elongate ellipsoidal shape with a cyst wall covered by
densely distributed tiny granules. Archaeopyle type uncertain,
presumably precingular formed by loss of a single paraplate.
This interpretation of archaeopyle type is contradictory along
with the taxonomic affinity of this species, since Pyxidiella have
an intercalary archaeopyle; a precingular archaeopyle would
suggest affinity with Pyxidinopsis. The dark colour of the speci-
mens discussed suggests that they are reworked.

Pyxidinopsis? sp.
(Fig. 5X,Y)

Subsphaerical, slightly elongated species with a cyst wall
composed of thin and homogenous endophragm and thick
periphragm. Archaeopyle presumably precingular, formed by
loss of a single paraplate.
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