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The So³okija Graben is a tec tonic struc ture in Roztocze, in south east ern Po land, unique by its infill of Eocene ma rine strata.
The more than 40 m thick sandy suc ces sion is the only well-dated palaeontological ev i dence of the Eocene ma rine trans -
gres sion of an epicontinental sea in this part of Po land: the sur round ing area is de void of co eval ma rine strata, which were
since eroded away. The So³okija Graben suc ces sion is hence cru cial for the palaeogeographic re con struc tion of south east -
ern Po land dur ing the Eocene as well as for the tec tonic his tory of this re gion. To ob tain pre cise age de ter mi na tion, the 33 m
thick suc ces sion of loamy sands that fill the So³okija Graben at Leliszka and the 4 m thick suc ces sion at £aszczówka were
sam pled via bore hole cores for dinoflagellate cysts. Sam ples from £aszczówka are bar ren, whereas those from Leliszka
con tain rich and tax o nom i cally di verse as sem blages. Their biostratigraphical in ter pre ta tion sup ports pre vi ous re sults sug -
gest ing a Bartonian age for most of the So³okija Graben suc ces sion; the pos tu lated Priabonian age of its non-cal car e ous part 
was doc u mented in its up per most part only. The palynological re cord also al lows re con struc tion of the sed i men tary set ting of
the Leliszka suc ces sion. The basal part of the Bartonian was de pos ited in a shal low but ex ten sive ma rine ba sin char ac ter -
ized by nor mal sa lin ity and rel a tively high-en ergy hy dro dy namic con di tions. Sub se quently, ma rine ba sin un der went grad ual
shallowing with a tem po rary halt in sed i men ta tion. Dur ing the Late Bartonian the ba sin be came brack ish. A short-du ra tion
Early Priabonian ma rine ba sin was char ac ter ized by shal low-ma rine con di tions; it be came brack ish dur ing its fi nal stage.
Com par i son with neigh bour ing Eocene de pos its of the epicontinental and Carpathian bas ins shows that the ma rine ba sin at
Roztocze was pre sum ably con nected with both dur ing the Bartonian, and sep a rated from the Carpathian ba sin dur ing the
Early Priabonian. Fac tors con trol ling the sea way pat tern of the Roztocze Ba sin in cluded eustasy and tec tonic move ments,
the for mer dom i nat ing dur ing the Bartonian, and co-oc cur ring with up lift of the Meta-Carpathian Swell dur ing the Early
Priabonian.
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INTRODUCTION

The Mid dle–Up per Eocene de pos its of the epicontinental
sea are wide spread in the north ern part of Po land whereas they
are ab sent from the south ern parts of the coun try (the Lower
Eocene, de vel oped mainly as con ti nen tal strata, is known from
north west ern Po land; Piwocki, 2004). Palaeontological datings
show the pres ence of ma rine Eocene strata, from the old est
Lower?–Mid dle Eocene in the north west ern Po land (the Tanowo 
For ma tion), through to the most widely dis trib uted Mid dle and
Up per Eocene. The south ern bound ary of the pres ent-day con -
tin u ous Eocene oc cur rence, which is ero sional (e.g., Piwocki,
2004), runs ap prox i mately along the north ern slopes of the
Lublin Up land and along a sim i lar lat i tude in west ern Po land
(Fig. 1A). South of this line, only scat tered sites with glauconitic
sands of un cer tain age oc cur; they com monly lack
palaeontological doc u men ta tion, and their age is sug gested to

be Eocene or Oligocene on the base of lithological cor re la tion or
ra dio met ric dat ing of glauconite. The only ex cep tions are
palaeontologically dated Eocene and Oligocene sands that oc -
cur in the vi cin ity of Tarnogród (Carpathian Fore land; Gedl, 2000; 
Myœliwiec and Œmist, 2006) and glauconitic sands that fill the
So³okija Graben at Roztocze (Fig. 1B). The lat ter struc ture,
2–3 km wide and 20 km long, was dis cov ered by Kulczycka
(1975) and later doc u mented dur ing geo log i cal map ping
(Buraczyñski and Krzowski, 1994; Cieœliñski et al., 1994;
Rzechowski, 1997). The Eocene suc ces sion of the So³okija
Graben was dated by GaŸdzicka (1994; cal car e ous
nannoplankton) and Krzowski (1993; glauconite dat ing) in bore -
holes from the west ern part of the graben near Tomaszów
Lubelski. Both meth ods gave sim i lar re sults point ing to a Mid dle
Eocene (Bartonian) age – cal car e ous nannoplan kton zone NP16 
and 39.5–42.2 ± 3.0 myr ab so lute ar gon age of glauconite.
S³odkowska (in Buraczyñski and Rzechowski, 1998) dated or -
ganic-walled phytoplankton and sug gested its Priabonian age in
the up per, non-cal car e ous, part of the suc ces sion. 

The pres ent study fo cuses on dinoflagellate cysts from a
com plete se quence of sands from a cen tral part of the So³okija
Graben. The suc ces sion, 33 m thick, drilled at Leliszka was
sam pled: twenty seven sam ples yielded rich and di verse ma -
rine dinoflagellate cyst as sem blages analysed for
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Fig. 1. Lo ca tion of the bore holes stud ied and ge ol ogy of the study area

A – lo ca tion of the So³okija Graben (ar rowed) on the map with ex tent of the Mid dle–Up per Eocene de pos its in Po land (based on Grabowska
and S³odkowska, 1993; Piwocki, 2004; S³odkowska, 2004; Myœliwiec and Œmist, 2006); B – geo log i cal map of the So³okija Graben (from
Cieœliñski et al., 1994, sim pli fied): 1 – Qua ter nary, 2 – Plio cene, 3 – Mio cene, 4 – Mid dle–Up per Eocene, 5 – Up per Cre ta ceous
(Maastrichtian), 6 – faults, 7 – cross-sec tion line, 8 – bore hole, 9 – Leliszka bore hole, 10 – £aszczówka bore hole; cross-sec tion through the
So³okija Graben at £aszczówka (A–B af ter Buraczyñski et al., 1992, from Buraczyñski and Krzowski, 1994, sim pli fied); cross-sec tion through 
the So³okija Graben at Leliszka (C–D from Rzechowski and Kubica, 1995, sim pli fied); C – £aszczówka and Leliszka bore holes with the po si -
tion of the sam ples stud ied; D – li thol ogy of the Eocene suc ces sion in the basal part (depth 38.6 m); E – li thol ogy of the Eocene suc ces sion in
the up per most part (depth 5.1 m)



biostratigraphy. Their pres ence con firms ear lier data point ing to 
an Eocene ma rine trans gres sion that cov ered Roztocze and
shows that south east ern Po land, a re gion be lieved to be emer -
gent dur ing the Paleogene, was at least par tially cov ered by a
brief ma rine in cur sion.  

GEOLOGICAL BACKGROUND

The Lublin Up land and the Roztocze area are el e vated
struc tures in re la tion to the Carpathian Foredeep to the south,
and the Podlasie De pres sion to the north. They rep re sent a part 
of the Lublin Syncline that is lo cated at the south east ern pe riph -
er ies of the Mid-Pol ish Swell, a struc ture that was formed by in -
ver sion of the Mid-Pol ish Trough along the older, pre-Mio cene
fault sys tems (the Teisseyre-Tornquist Zone; e.g., Kutek, 2001) 
be tween the Pre cam brian East Eu ro pean Craton and the Pa -
leo zoic (epi-Variscan) West Eu ro pean Plat form (e.g., Ziegler,
1988; Fig. 1A) dur ing the lat est Cre ta ceous–Paleogene, with its 
fi nal stage dur ing the Neo gene Neo-Al pine orog eny of
Carpathians (e.g., Ney et al., 1974; ¯elichowski, 1974;
Krzywiec, 2006, 2007). In ver sion was ini ti ated by stress in -
duced by north wards mi grat ing plates of the Alps and
Carpathians dur ing their collisional phases. The ear li est up lift
move ments took place dur ing the Late Cre ta ceous–Paleocene
but their pre cise age is not known. In its cen tral part the
Mid-Pol ish Trough is cov ered by Eocene de pos its what sug -
gests that its up lift ended be fore the Eocene (e.g., Krzywiec,
2006). The Paleogene suc ces sion in the south ern part of the
Mid-Pol ish Trough, which is built mainly of Up per Cre ta ceous
strata (e.g., Hakenberg and Œwidrowska, 2001) con sists of the
Lower Paleocene and Mid dle–Up per Eocene. This oc curs
mainly in the north ern part of the Lublin Up land, whereas its
cen tral and south ern parts are vir tu ally de void of strata of this
age. Some iso lated, poorly dated patchy de pos its of pre sum -
ably Eocene age in this area show that their pres ent-day dis tri -
bu tion is a re sult of ero sion. The same re fers to Roztocze which
is vir tu ally de void of strata of these ages ex cept of the Eocene
suc ces sion in the So³okija Graben (Fig. 1B; some iso lated out li -
ers be lieved to rep re sent the Eocene have no palaeontological
ev i dence; see Buraczyñski and Krzowski, 1994). Ero sion was
also pre sum ably partly re spon si ble for re mov ing Oligocene ma -
rine de pos its, which oc cur as iso lated inliers in the neigh bour ing 
Carpathian Foredeep near Tarnogród (Gedl, 2000). Ero sion of
ma rine Paleogene strata in south east ern Po land is sup ported
by the oc cur rence of fre quent re worked dinoflagellate cyst
spec i mens in the Mio cene of the Carpathian Foredeep and
Roztocze (Gedl, 2012). The Mio cene strata on Roztocze, ge -
net i cally re lated to the Foredeep Ba sin, show a com pletely dif -
fer ent de vel op ment than the basinal fa cies of the lat ter ba sin. It
com prises shal low-ma rine organodetrital and sandy fa cies and
its thick ness reaches only sev eral tens of metres (e.g., Musia³,
1987; Buraczyñski, 1997; Wysocka, 2002) com pared to al most
2000 m of fine-grained siliciclastic de pos its in the basinal part of 
the Foredeep Ba sin (e.g., Ney et al., 1974). These fa cies dif fer -
ences show that, dur ing the Mid dle Mio cene, Roztocze was al -
ready up lifted in re la tion to the main part of the Foredeep Ba sin.

MATERIAL

Two sites with Eocene strata within the So³okija Graben
have been stud ied: an ex po sure and a shal low bore hole at
£aszczówka and a bore hole at Leliszka.

£aszczówka. Three sam ples were col lected from a shal low 
hand-drilled bore hole at £aszczówka. The bore hole was sit u -
ated in the So³okija River val ley, north of the river (Fig. 1B).
Here, Eocene green ish sands oc cur be low a 1.0–1.5 m thick
Qua ter nary cover, be ing lo cally ex posed where Qua ter nary
sands have been quar ried away. A hand-drilled bore hole
reached the 4 m thick top most part of the Eocene suc ces sion
com posed of lemon-green ish me dium-grained, loamy, non-cal -
car e ous, quartz-glauconitic sands (Fig. 1C). The com plete
Eocene pro file here, pen e trated by the neigh bour ing
Piekie³ko-30 bore hole, is 40 m thick (Buraczyñski and Krzowski, 
1994) so the suc ces sion stud ied pre sum ably rep re sents its top -
most part.

Leliszka. A to tal of twenty seven sam ples were col lected for 
the pres ent study from a 33 m thick suc ces sion drilled at
Leliszka. The sam ples were sup plied to the au thor by Tadeusz
Król (UMCS in Lublin); no closer ex am i na tion of the core was
pos si ble by the au thor. The bore hole was lo cated on the west -
ern bank of the So³okija River, ca. 1.2 km north of the Krynica
Be³¿ecka (vel Zród³o) River junc tion with the So³okija River (see
Rzechowski and Kubica, 1995; Fig. 1B). The Eocene suc ces -
sion stud ied rests on Up per Maastrichtian marl (see GaŸdzicka, 
1994). It con sists of fine- to me dium-grained quartz-glauconitic
loamy sands, which in their lower part are cal car e ous (in ter val
18.3–38.0 m; Fig. 1D), whereas in the up per part they are
non-cal car e ous (Fig. 1C). The up per most part of the cal car e ous 
in ter val of some 20–30 cm thick (sam ple 18.3–18.5 m) is paler
col oured (beige to pale grey) than the sands be low and above;
the sand at this depth is more lithified and has a higher car bon -
ate con tent than the strata be low (it can pre sum ably be cor re -
lated with a marly lime stone layer, up to 20 cm thick, de scribed
from the top of the cal car e ous sands of the So³okija suc ces sion; 
e.g., Cieœliñski and Rzechowski, 1993). Muddy sands just
above (sam ple 18.2–18.3 m and above) are fine-grained, eas ily 
disintegrable and con tain no car bon ates. They show
grey-green ish colouration, which be comes intensly green in its
up per part, pre sum ably due to a higher con tent of glauconite,
and lemon-green at the top (sam ples: 8.8–8.95 m, 7.1–7.25 m,
5.0–5.2 m; Fig. 1E). Sam ple po si tions are shown in Fig ure 1C.

METHODS

The sam ples were pro cessed in the micropalaeontological
lab o ra tory of the In sti tute of Geo log i cal Sci ences, Pol ish Acad -
emy of Sci ences, Kraków. The palynological pro ce dure ap plied
in cluded 38% hy dro chlo ric-acid (HCl) treat ment, 40% hy dro flu -
oric-acid (HF) treat ment, heavy-liq uid (ZnCl2 + HCl; den sity
2.0 g·cm–3) sep a ra tion, ul tra sound for 10–15 s and siev ing at
10 µm on a ny lon mesh. Ni tric-acid (HNO3) treat ment was not
ap plied.

The quan tity of rock pro cessed was 120 g for each sam ple.
Palynological slides were made from each sam ple us ing glyc er -
ine jelly as a mount ing me dium. The rock sam ples,
palynological res i dues and slides are stored in the col lec tion of
the In sti tute of Geo log i cal Sci ences, Pol ish Acad emy of Sci -
ences, Kraków.

Dinoflagellate cysts were ana lysed for their di ver sity; at
least 300 cysts were counted ex cept for sam ples from depths
10.3–10.5, 8.8–8.95 and 5.0–5.2 m, which con tain im pov er -
ished as sem blages. On this ba sis, the Shan non-Weaver di ver -
sity in dex (H’) was cal cu lated as: H’ = –S?pi ln(pi) where pi is the
rel a tive abun dance of each taxon; the Shan non-Weaver in dex
was ex pressed as: eH’. Palynofacies el e ments were counted up
to 500.
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RESULTS

£ASZCZÓWKA

Sam ples from this site ap peared to be bar ren; they con tain
no palynological or ganic mat ter.

LELISZKA BOREHOLE

All sam ples from the Leliszka bore hole con tain
palynological or ganic mat ter. A char ac ter is tic fea ture of al most
all sam ples is a high pro por tion of aquatic palynomorphs,
mainly ma rine dinoflagellate cysts (Ap pen dix 1*), which fre -
quently at tain 30–70%. The lat ter are com monly me chan i cally
dam aged; this re fers es pe cially to large spec i mens, which usu -
ally oc cur as iso lated pro cesses or cyst frag ments only.

Palynofacies. Palynofacies com po si tion is gen er ally uni -
form through out the suc ces sion stud ied ex cept in its up per most 
part. In ter val 17–38 m is char ac ter ized by a fre quent oc cur -
rence of dinoflagellate cysts, which are the most com mon
among palynomorphs; their per cent age ranges from 30 to over
70%. They are as so ci ated with small-sized palynodebris rep re -
sented by black opaque and dark brown phytoclasts and cu ti cle 
re mains, sporomorphs (mainly bisaccate pol len grains) and
other aquatic palynomorphs such as foraminifera,
Pterospermella, Tasmanites, Cymatiosphaera, Paucilobimor -
pha. Ex cep tions within the 17–38 m in ter val are sam ples from
the depth of 20.0–22.9 m, where the dinoflagellate cyst pro por -
tion de creases to a few per cent, and a ma jor palynofacies com -
po nent is structureless par ti cles. The lat ter oc cur in a higher
per cent age once again in a sam ple from the depth 18.3–18.5 m 
(the top most part of the cal car e ous in ter val) but here
dinoflagellate cysts rep re sent al most 60%.

The in ter val from 11.2 to 15.9 m is dom i nated by small cu ti -
cle re mains and dark brown phytoclasts; the dinoflagellate cyst
pro por tion is 20 (in the lower part of this in ter val) to 40% (up per
part). A sig nif i cant change in palynofacies com po si tion is noted
in two sam ples from the depths 10.3–10.5 and 8.8–8.95 m; they 
con tain very low amounts of palynological or ganic mat ter,
which con sists of large black phytoclasts and pol len grains;
dinoflagellate cysts are rare in both sam ples: they are up to 2%
in the sam ple from depth 10.3–10.5 m, and 1% in the sam ple
from depth 8.8–8.95 m. Two higher sam ples (8.5–8.7 and
7.1–7.25 m) con tain much higher amounts of palynological or -
ganic mat ter; their char ac ter is tic fea ture is a high per cent age of
aquatic al gae (e.g., Tasmanites, Pterospermella,
Cymatiosphaera, Leiosphaeridia) which, while occuring in al -
most all other sam ples, here reach pro por tions of 10%
(8.5–8.7 m) and 30% (7.1–7.25 m). The dinoflagellate cyst per -
cent age from these depths is 30–40%. The top most sam ple
(5.0–5.2 m) con tains, as do sam ples from depths 10.3–10.5
and 8.8–8.95 m, low amounts of palynological or ganic mat ter,
which also con sists of large black phytoclasts and pol len grains; 
dinoflagellate cysts rep re sent a few percent there.

Dinoflagellate cyst as sem blages. Dinoflagellate cyst as -
sem blages from most of the suc ces sion stud ied show a gen er -
ally uni form com po si tion; only the up per most sam ples yielded
sig nif i cantly dif fer ent as sem blages (Ap pen dix 2; Figs. 2–5).

Sam ples from the lower, cal car e ous in ter val (18.3–38.7 m),
yielded rich and tax o nom i cally di verse as sem blages (with a
Shan non-Weaver in dex usu ally higher than 18) char ac ter ized
by the pre dom i nance of chorate gonyaulacoids (mainly

Spiniferites; ra tios of Dapsilidinium, Enneadocysta, Systema -
tophora, Operculodinium, Areosphaeridium, Lingulodinium
vary be tween the sam ples) and prox i mate Batiacasphaera
(Figs. 2 and 4). Char ac ter is ti cally, these chorate gonya -
ulacoid-dom i nated as sem blages are vir tu ally de void of
Homotryblium, which oc curs in a rel a tively high pro por tion in a
sam ple from the depth 35.5–35.7 m only; it oc curs in other sam -
ples just as sin gle spec i mens. An other char ac ter is tic fea ture is
the rare oc cur rence of peridinioids. These, al though pres ent in
all sam ples (mainly Deflandrea phosphoritica, Wetzeliella
articulata, W. eocaenica, Charlesdowniea spp.), rarely reach
higher pro por tions. They are most fre quent at the depth
36.6–36.8 m (Deflandrea phosphoritica) and par tic u larly at the
depth 25.5–31.7 m where Lentinia serrata forms an acme in the
top most sam ple (25.5–25.7 m) rep re sent ing al most half of the
whole as sem blage.

Tax o nom i cally the di ver sity is the high est in the depth in ter -
val 22.7–35.7 m where the Shan non-Weaver in dex equals 20
or higher; the high est di ver sity was noted at the depth
34.5–34.7 m (Shan non-Weaver in dex over 33). Sam ples with
the high est di ver sity yielded rare Impagidinium spec i mens.
Higher, the Shan non-Weaver in dex drops slightly down to 15 in
the top most sam ple from the depth 18.3–18.5 m.

The dinoflagellate cyst as sem blages from the basal part of
the up per, non-cal car e ous in ter val (depth 15.7–18.3 m), are
sim i lar to those from the cal car e ous in ter val: they are com -
posed mainly of chorate gonyaulacoids but with out Homo -
tryblium; peridinioids are also rel a tively rare (Figs. 3 and 4).
Thus, there is no change in the dinoflagellate cyst com po si tion
as so ci ated with the tran si tion be tween cal car e ous and non-cal -
car e ous sands at the depth of 18.3 m. How ever, the dis tri bu tion
of some taxa in the suc ces sion stud ied may sug gest that part of
the dinoflagellate cysts above the depth 18.3 m is re worked
from the basal in ter val (see Biostratigraphy sec tion). Higher
sam ples also con tain sim i lar gonyaulacoid-dom i nated as sem -
blages though their di ver sity de creases; Homotryblium oc curs
rel a tively fre quently in sam ples from the depths 14.2–14.3 and
12.5–12.65 m. The di ver sity of dinoflagellate cyst as sem blages
is lower than in the cal car e ous in ter val; the Shan non-Weaver
in dex shows a grad ual de cline from al most 21 in the basal sam -
ple (18.2–18.3 m) to al most 11 at the depths 12.5–12.65 and
11.2–11.3 m. How ever, as sem blages from basal in ter val of the
non-cal car e ous sec tion might be en riched in re worked spec i -
mens from the cal car e ous in ter val (see Biostratigraphy sec -
tion).

A sig nif i cant change in dinoflagellate cyst as sem blages
takes place in sam ples from depths 10.3–10.5 and 8.8–8.95 m
(these sam ples con tain also very low amounts of palynological
or ganic mat ter com posed of large cu ti cle frag ments and pol len
grains): rare dinoflagellate cysts are dom i nated by Deflandrea.
The di ver sity of the as sem blages in these two sam ples drops
dras ti cally: the Shan non-Weaver in dex is be low 3 there. A sim i -
lar as sem blage (and the same palynofacies) is noted from the
top most sam ple from the depth 5.0–5.2 m; the Shan -
non-Weaver in dex is also low at 4.

These two in ter vals with dinoflagellate cysts dom i nated by
Deflandrea are sep a rated by an in ter val (sam ples 8.5–8.7 and
7.1–7.25 m) with rich and di verse as sem blages (the Shan -
non-Weaver in dex is over 13) char ac ter ized by a pre dom i nance 
of chorate gonyaulacoids and a rar ity of peridinioids.
Homotryblium floripes is fre quent in both sam ples.

Ad di tion ally, a shark tooth was found dur ing sam ple pro -
cess ing in a sam ple from the depth 14.2–14.3 m.
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Fig. 2. Dinoflagellate cysts from the Leliszka bore hole: spe cies char ac ter is tic of the basal, cal car e ous in ter val
(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 spec i men, var i ous foci); H, I – Corrudinium incompositum (31.6–31.7 m; same spec i men,
var i ous foci); J, K – Tectatodinium pellitum (33.1–33.3 m; same spec i men, var i ous foci); L–N – Wetzeliella eocaenica
(36.6–36.8 m; same spec i men, var i ous 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 bore hole: spe cies char ac ter is tic of the up per, 
non-cal car e ous in ter val (5.0–18.5 m)

A – Phthanoperidinium comatum (14.2–14.3 m); B–D – Cribroperidinium giuseppei (same spec i men, var i ous
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); I – Heterelaucacysta porosa
(8.5–8.7 m); J – Wetzeliella sim plex (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 sim plex
(15.7–15.9 m); O, P – Homotryblium floripes (same spec i men, var i ous 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 bore hole, SEM mi cro pho to graphs

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); I – 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 mm
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Fig. 5. Dinoflagellate cysts from the Leliszka bore hole

A–C – Batiacasphaera hirsuta (same spec i men, var i ous foci, 38.6–38.7 m); D–F – Batiacasphaera sp. (same spec i men, var i ous foci,
38.6–38.7 m); G–I – Cordosphaeridium min i mum: spec i men with thin pro cesses (same spec i men, var i ous foci, 38.6–38.7 m); J–L –
Cordosphaeridium min i mum: spec i men with thick pro cesses ter mi nated with mas sive plat forms (same spec i men, var i ous foci,); M–O –
Cordosphaeridium min i mum: spec i men with thin pro cesses united prox i mally by high ridges, dis tally ter mi nated by small ex pan sions (same
spec i men, var i ous foci, 38.6–38.7 m); P–R – Pyxidiella? sp. (same spec i men, var i ous foci, 34.5–34.7 m); S, T – Cannosphaeropsis? sp.
(same spec i men, var i ous foci, 25.5–25.7 m); U – Ectosphaeropsis? sp. (7.1–7.25 m); V, W – Elytrocysta? sp. (same spec i men, var i ous foci,
34.5–34.7 m); X, Y – Pyxidinopsis? sp. (same spec i men, var i ous 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)



INTERPRETATION

BIOSTRATIGRAPHY

The Leliszka bore hole suc ces sion yielded rich
dinoflagellate cyst as sem blages, which al low its dat ing. Al -
though many spe cies de ter mined have long strati graphi cal
ranges, typ i cal of the Eocene–Oligocene, some have shorter
ranges be ing thus good age-in di ca tors (Fig. 6).

Spe cies with well-es tab lished strati graphi cal ranges that
oc cur through out the whole suc ces sion stud ied in clude
Areosphaeridium michoudii and Operculodinium divergens.
The for mer is known from the Ypresian to basal Priabonian of
the North Sea (Bujak, 1994) whereas O. divergens oc curs in
the Bartonian–Mid dle Rupelian (Wil liams et al., 1993). Their
co-oc cur rence sug gests a Bartonian–low er most Priabonian
age of the Leliszka bore hole suc ces sion.

Dinoflagellate cyst as sem blages from the basal, cal car e ous 
part of the Leliszka bore hole suc ces sion (18.3–38.7 m) are
gen er ally sim i lar; they show high tax o nom i cal rich ness (Fig. 7).
This sug gests that this in ter val was de pos ited dur ing a sin gle
sed i men tary event. Many spe cies oc cur in the basal cal car e ous 
part; their scat tered oc cur rences in the up per, non-cal car e ous
part (5.0–18.3 m) are pre sum ably the re sult of re work ing.

The Bartonian age of the basal, cal car e ous part is based on
the oc cur rence of Chiropteridium eocaenicum, Charlesdowniea 
variabilis, Enneadocysta arcuata, Enneadocysta multicornuta,
Cerebrocysta bartonensis, Corrudinium incompositum, and
Lentinia serrata (Fig. 6).

Chiropteridium eocaenicum oc curs in the basal part, up to
the depth 25.5–38.7 m (higher, only a sin gle, pre sum ably re -
worked spec i men was found at the depth 18.2–18.3 m) – this
spe cies was de scribed from the Bartonian (Heilmann-Clausen
and Simaeys, 2005; rare spec i mens have been found also in
the Priabonian); Vasilyeva (2013) re ported it from the up per
part of the Bartonian of Kazakhstan.

Charlesdowniea variabilis oc curs in the same in ter val as
does C. eocaenicum (25.5–38.7 m); this spe cies was de scribed 
by Bujak (1980) from the Lower Barton Beds, Eng land, cor re -
lated by Aubry (1986) with the top most part of the NP16 Zone,
i.e., the basal Bartonian (Berggren et al., 1995). Ac cord ing to
Bujak et al. (1980) the to tal range of C. variabilis in south ern
Eng land is lim ited to the up per most Lutetian–Bartonian, i.e., the 
up per part of the NP16 Zone to the NP17 Zone (Aubry, 1986).

Enneadocysta arcuata (oc cur ring in the lower part of the
Leliszka suc ces sion up to the depth of 17.1 m) and Enneado -
cysta multicornuta (oc cur ring in 18.3–36.8 m in ter val; a sin gle
spec i men oc curs also in the top most part at the depth of
8.5–8.7 m) have their low er most oc cur rences in the basal
Bartonian (Bujak, 1976).

Rare spec i mens of Cerebrocysta bartonesis oc cur through -
out most of sam ples stud ied; its low est oc cur rence is noted in
the sam ple from depth 36.6–36.8 m, whereas its high est oc cur -
rence is noted in the sam ple from depth 8.5–8.7 m. Ac cord ing to 
Bujak et al. (1980) this spe cies ap peared for the first time in the
ear li est Bartonian and dis ap peared in the Late Bartonian.

Corrudinium incompositum, which oc curs through out the
whole sec tion stud ied, has its first ap pear ance, like C.
bartonensis, in the ear li est Bartonian (Bujak et al., 1980).

Eocene dinoflagellate cysts from the So³okija Graben (Roztocze, SE Poland): biostratigraphy and palaeoenvironment 715

Fig. 6. Biostratigraphy of the Eocene suc ces sion of the Leliszka bore hole

High est and low est oc cur rence data of se lected spe cies from the ma te rial stud ied; (1) and (2) by Dracodinium rhomboideum re fer to two
con sis tent oc cur rences of this spe cies
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Lentinia serrata oc curs in the cal car e ous part (ex cept for the 
basal sam ple from the depth 38.6–38.7 m) and in the basal part
of the non-cal car e ous in ter val up to the depth 17.1 m (higher, a
sin gle spec i men was found at the depth 12.5–12.65 m); the
pres ence of this spe cies sug gests the youn gest age of all spe -
cies noted above: L. serrata is be lieved to have ap peared for
the first time in mid lat i tudes dur ing the Mid dle Bartonian (Bujak
et al., 1980). Wil liams et al. (2004) dated this event as 40 Ma
and cor re lated it with mid dle part of Chrone 18. Berggren et al.
(1995), in turn, cor re lated this age with the basal part of the
NP17 Zone. Cor re la tion of the lower part of the Leliszka suc -
ces sion (above 36.8 m) with the Mid dle–Up per Bartonian can
be con firmed by the oc cur rence of a sin gle spec i men of
Enneadocysta fenestrata in the sam ple from depth
33.1–33.3 m; Bujak (1976) de scribed this spe cies from the up -
per part of the Mid dle Barton Beds and the Up per Barton Beds
– Aubry (1986) cor re lated this in ter val with the NP17 Zone, i.e.,
the Mid dle and Up per Bartonian (Berggren et al., 1995).

A lack of Lentinia serrata in the low er most sam ple
(38.6–38.7 m) may in di cate that the 2 m thick basal in ter val rep -
re sents the lower part of Bartonian, that may be cor re lated with
the top most part of the NP16 Zone (see Berggren et al., 1995).
This in ter pre ta tion can be sup ported by the oc cur rence of Gen.
et spec. indet. sensu Gedl 2013 de scribed by the au thor from
strata of pre sum ably Lower Bartonian age (Gedl, 2013).

Some other spe cies found in the basal part of the Leliszka
suc ces sion are known from de pos its older than the Bartonian.
But their fre quent and reg u lar oc cur rence in the ma te rial stud -
ied sug gests that they are in situ there.

Wetzeliella eocaenica oc curs through out the whole cal car e -
ous in ter val; this spe cies was de scribed by Agelopoulos (1967)
from Eocene clay at Heiligenhafen (dated as Lower and Up per
Eocene; see also Agelopoulos, 1964), but it is known mainly
from Lower Eocene strata (Caro, 1973, as W. pachyderma;
Iakovleva in Andreeva-Grigorovich et al., 2011). Vasilieva (in
Andreeva-Grigorovich et al., 2011) re ported it also from
Bartonian.

Fibrocysta radiata oc curs in the mid dle and up per part of the 
cal car e ous in ter val; it was de scribed by Morgenroth (1966)
from the Lower Eocene of north Ger many and Bel gium; Köthe
and Piesker (2007) re ported it from Ypresian–Lutetian of north
Ger many. These data may sug gest that F. radiata is re worked,
but this spe cies was re ported from the Popiele Beds in the Pol -
ish Carpathians dated as Lower Bartonian (sam ple Kns3; Gedl, 
2013).

 Hystrichokolpoma globulus (oc cur ring in the basal part,
35.5–36.8 m) is an other spe cies that is known from strata older
than the Bartonian. It was de scribed by Michoux (1985) from
the top most part of the Ypresian. But Heilmann-Clausen and
Simaeys (2005) noted pres ence of this spe cies also in the
Bartonian.

The sam ple from the depth 25.5–25.7 m yielded two spec i -
mens of Hemiplacophora semilunifera. The range of this spe -
cies is be lieved to be re stricted to the Priabonian in the north ern 
hemi sphere (Wil liams et al., 2004), which con tra dicts the
Bartonian age-in ter pre ta tion of the basal part of the Leliszka
suc ces sion. But in the high-lat i tudes of the south ern hemi -
sphere this spe cies is also known from the Bartonian (Wil liams
et al., 2004).

The low er most part of the up per, non-cal car e ous in ter val
con tains spe cies which ap pear fre quently in the mid dle part of
the lower in ter val, such as Chiropteridium eocaenicum. The
re-oc cur rence of these rare spec i mens sug gests that they are
re worked. This, in turn, may be an in di ca tion of in creased ero -
sion of older de pos its that took place dur ing the ini tial stage of
ac cu mu la tion of the non-cal car e ous sands. This event seems

to be as so ci ated with a pos si ble hi a tus marked by a 20 cm car -
bon ate layer.

Wetzeliella sim plex, that oc curs at depths from 14.2 to
15.9 m only (Fig. 6), is known from Mid dle Eocene strata. It was
de scribed by Bujak (1980) from the Up per Barton Beds, which
are cor re lated with the up per part of the NP17 Zone (Aubry,
1986). The same range was re ported by Bujak et al. (1980)
while Bujak (1979) re stricted the to tal range of this spe cies to
the up per Mid dle and Up per Barton Beds cor re lated with the
NP17 Zone (Aubry, 1986). The pres ence of W. sim plex at the
depth 14.2–15.9 m sug gests that this in ter val can be cor re lated
with the Up per Bartonian and the NP17 Zone. As a con se -
quence, the lower part of the non-cal car e ous suc ces sion of the
Leliszka bore hole, at least to the depth of 14.2 m, and a sup -
posed hi a tus (be tween the cal car e ous and non-cal car e ous in -
ter vals) are also Bartonian in age.

Sam ples from the higher in ter val of the non-cal car e ous suc -
ces sion (11.2–13.4 m) con tain no Wetzeliella sim plex. But their
as sem blages are gen er ally sim i lar to the ones from the lower
sam ples, so their Late Bartonian age can be ac cepted. Im pov -
er ished as sem blages (very rare spec i mens, dom i nated by
Deflandrea) from sam ples from the over ly ing in ter val
(8.8–10.5 m) can not be used for dat ing; this in ter val may rep re -
sent ei ther the Up per Bartonian or the Lower Priabonian. A clue
to its age may be the oc cur rence of Dracodinium rhomboideum
in the in ter val 10.3–13.4 m (if not re worked – this is the sec ond
in ter val with this spe cies: the first is in the basal part of the suc -
ces sion): the high est oc cur rence of this spe cies in the Nor we -
gian-Green land Sea is cor re lated with the lower part of NP17
Zone (Eldrett et al., 2004). But ear lier stud ies sug gest a slightly
older high est (top of the NP16) oc cur rence of this spe cies
(Coninck, 1986; Bujak and Mudge, 1994).

The age of the over ly ing top most in ter val (5.0–8.7 m) is
Lower Priabonian. This in ter pre ta tion is based on the co-oc cur -
rence of Rhombodinium perforatum, a spe cies of which the first
ap pear ance in ear li est Priabonian is widely ac cepted (e.g., Wil -
liams and Bujak, 1985), and Areosphaeridium michoudii, which
ap peared for the last time in the North Sea Ba sin dur ing the
Early Priabonian (Bujak and Mudge, 1994). The lat ter event
was cor re lated by Bujak and Mudge (1994; see also Bujak,
1994) with the top of the NP18 Zone. A youn ger, Up per
Priabonian age of the youn gest strata of the Leliszka bore hole
can be sug gested if the data pre sented is cor re lated with the
Carpathian ranges of both spe cies. A. michoudii and R.
perforatum were de scribed by the au thor from Up per Eocene
strata of the Magura Ba sin cor re lated with the NP19-20 Zone
(Gedl, 2004; Gedl and Leszczyñski, 2005). But the youn gest
as sem blages from the Leliszka suc ces sion do not con tain
Reticulatosphaera actinocoronata, a char ac ter is tic spe cies that
ap peared for the first time in Carpathian bas ins dur ing the same 
zone (Gedl, 2004; Gedl and Leszczyñski, 2005). There fore, the
Lower Priabonian age of the three top most sam ples from the
bore hole stud ied can be cor re lated with the top most part of the
NP17 Zone and the NP18 Zone. This age is sup ported by the
oc cur rence of Cordosphaeridium funiculatum (sam ples
15.7–15.9, 13.2–13.4 and 11.2–11.3 m) which, ac cord ing to
Wil liams et al. (2004), ap peared for the last time dur ing the Mid -
dle Priabonian, i.e., al most at the same time when R.
actinocoronata ap peared for the first time (e.g., Brinkhuis and
Biffi, 1993).

REWORKED DINOFLAGELLATE CYSTS

Re worked Me so zoic dinoflagellate cysts in the ma te rial
stud ied rep re sent Ju ras sic and Cre ta ceous taxa (Ap pen dix 2).
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Ju ras sic taxa are rep re sented by Ctenidodinium combazii (Late 
Bajocian–Ear li est Callovian; Rid ing and Thomas, 1992),
Ctenidodinium con tin uum (lat est Bajocian-ear li est Oxfordian;
Stover et al., 1996), pre sum ably also Rhynchodiniopsis? sp.
and Pareodinia sp.; they oc cur mainly in the lower, cal car e ous
part of the suc ces sion. Their pres ence sug gests ero sion of Ju -
ras sic rocks (see e.g., Dayczak-Calikowska and Kopik, 1976;
Dayczak-Calikowska and Moryc, 1988; Dayczak-Calikowska,
1997) dur ing de po si tion of the Leliszka suc ces sion.

Cre ta ceous taxa have a broader dis tri bu tion in the ma te rial
stud ied; rare spec i mens oc cur also in the non-cal car e ous part.
Cre ta ceous taxa such as Odontochitina operculata
(Barremian-ear li est Maastrichtian; Stover et al., 1996) and
Palaeohystrichophora infusorioides (Late Albian–Early
Maastrichtian; Wil liams et al., 2004), were eroded from Up per
Cre ta ceous rocks that un der lie the Paleogene and Neo gene at
Roztocze (see e.g., Hakenberg and Œwidrowska, 2001). Some
oth ers such as Muderongia perforata (al though de scribed from
the Turonian by Al ber ti, 1961, but pre sum ably re worked there:
see Davey and Verdier, 1974 and Monteil, 1991),
Cribroperidinium sp. and, pos si bly, Pyxidiella? sp. may de rive
from Lower Cre ta ceous (Valanginian–Hauterivian strata) that
also oc cur in the sub stra tum (e.g., Œwidrowska, 2007).

There are no Paleocene taxa in the ma te rial stud ied. The
pres ence of re worked Early Eocene spe cies is dis put able – see 
Biostratigraphy sec tion. Be side the spe cies dis cussed, sin gle
spec i mens of Wetzeliella meckenfeldensis and Wilsonidinium
echinosuturatum have been found. Their strati graphi cal ranges
are lim ited to the Ypresian and Lutetian re spec tively (Wil liams
et al., 2004); this sug gests that these spec i mens are re worked,
al though some au thors re port their oc cur rence in the Bartonian
also (e.g., Heilmann-Clausen and Simaeys, 2005).

The dis tri bu tion of re worked pre-Eocene taxa is shown in
Ap pen dix 2; they are high lighted by as ter isks.

PALAEOENVIRONMENT

The cal car e ous, basal in ter val of the Leliszka bore hole
(18.3–38.7 m) con tains rich and di verse dinoflagellate as sem -
blages char ac ter is tic of a fully ma rine shelf en vi ron ment (see
e.g., Dale, 1996; Fig. 7). They con sist of fre quent chorate
gonyaulacoids such as Spiniferites, Operculodinium,
Dapsilidinium, Enneadocysta and Systematophora, prox i mate
Cribroperidinium and Batiacasphaera, and peridinioids rep re -
sented by Wetzeliella and Deflandrea. There are no sig nif i cant
qual i ta tive changes, sug gest ing gen er ally sta ble con di tions
through out ac cu mu la tion. The only ex cep tion is an acme of
Lentinia serrata, which rep re sents 40% of the as sem blage in
sam ple 25.5–25.7 m. The as sem blages stud ied con tain al most
no off shore spe cies. Very rare spec i mens of Impagidinium and
Ynezidinium brevisulcatum (for the palaeoenvironmental pref -
er ences of Impagidinium see e.g., Brinkhuis, 1994; Sluijs et al.
2005) have been found in sam ples from basal part (38.6–38.7,
35.5–35.7, 34.5–34.7 and 29.4–29.55 m). Their pres ence may
in di cate that the basal part of the suc ces sion stud ied was de -
pos ited in a rel a tively off shore ma rine en vi ron ment com pared
to the higher in ter val, which lacks off shore spe cies. How ever, it
must be high lighted that Impagidinium (and mor pho log i cally
sim i lar Ynezidinium) oc cur in the ma te rial stud ied as very rare,
sin gle spec i mens per sam ple. An other char ac ter is tic fea ture of
the as sem blages from the cal car e ous in ter val is the rare oc cur -
rence of Homotryblium (mainly H. pallidum), a ge nus widely as -
so ci ated with near-shore, la goonal palaeoenvironments (e.g.,

Köthe, 1990; Sluijs et al., 2005; see also Dybkj³r, 2004). Its
pro por tion does not ex ceed 5%, with only sam ple 35.5–35.7 m
con tain ing 20%. The scar city of Homotryblium may in di cate a
rel a tively off shore sed i men tary set ting; this view is sup ported by 
a rel a tively low per cent age of ter res trial par ti cles. How ever, the
scar city of Homotryblium may also re sult from spe cific con di -
tions, in clud ing shore palaeorelief, not suit able for de vel op ment
of a la goonal sys tem in hab ited by this ge nus. Com mon me -
chan i cal dam age of dinoflagellate cysts in the ma te rial stud ied
seem to be a re sult of rel a tively high-en ergy hy dro dy namic con -
di tions in volved by, e.g., wave ac tiv ity in the near-shore zone.

Some sam ples from the up per most part of the cal car e ous
in ter val (22.7–22.9, 20.7–20.9 and 18.3–18.5 m) show a unique 
palynofacies dom i nated by structureless par ti cles; their pres -
ence in di cates ex cep tional sed i men tary con di tions.
Structureless or ganic mat ter is com monly as so ci ated with
anoxic bot tom en vi ron ments (e.g., Bat ten, 1996). There are no
in di ca tions of anoxic con di tions in the case of the Leliszka suc -
ces sion, so the pres ence of structureless or ganic mat ter in the
top most part of the cal car e ous in ter val must re flect some other
spe cific con di tions. Pos si bly, it may be re lated to stag nant con -
di tions caused by slow ing of the sed i men ta tion rate re flected by
a 20 cm thick marly layer at the top of the cal car e ous in ter val.

The basal part of the higher, non-cal car e ous in ter val con -
tains sim i lar dinoflagellate cyst as sem blages. This may in di cate 
that the tran si tion be tween cal car e ous and non-cal car e ous in -
ter vals occurred in sim i lar palaeoenvironmental con di tions. But
the pres ence of some pre sum ably re worked spe cies, e.g.,
Chiropteridium eocaenicum, in the basal part of the non-cal car -
e ous in ter val, and a pos si ble pause in sed i men ta tion dur ing de -
po si tion of the top most part of the un der ly ing strata, sug gest
that there is a hi a tus be tween these two units, and that ero sion
of older strata took place dur ing be gin ning of ac cu mu la tion of
the youn ger unit. As sem blages from the higher part of the
non-cal car e ous in ter val show qual i ta tive and quan ti ta tive im -
pov er ish ment. In the cal car e ous in ter val they are dom i nated by
chorate gonyaulacoids Spiniferites, Areosphaeridium
michoudii, Operculodinium, Lingulodinium machaerophorum,
Systematophora, prox i mate Batiacasphaera and peridinioid
Deflandrea. But, many other spe cies pres ent in the lower in ter -
val be come rare or ab sent, e.g., Enneadocysta, Hystricho -
kolpoma, Wetzeliella, Charlesdowniea, Dapsilidinium and
Tectatodinium ?grande. Sam ples from the depths 14.2–14.3
and 12.5–12.65 m show slight en rich ment of Homotryblium: 6.5 
and 7.0%, re spec tively. This may in di cate shallowing of the ba -
sin, al though in sam ples from 13.2–13.4 and 12.5–12.65 m sin -
gle spec i mens of Ynezidinium brevisulcatum, an offshore
species, have been found.

A more dis tinct change of palaeoenvironment is re corded in
the sam ples from depths 10.3–10.5 and 8.8–8.95 m: quan ti ta -
tively im pov er ished as sem blages are dom i nated by Deflandrea
spec i mens. Such an as sem blage can be in ter preted as in dic a -
tive of a brack ish palaeoenvironment since this ge nus is com -
monly be lieved to had been tol er ant of low sa lin ity wa ters (e.g.,
Köthe, 1990; Brinkhuis, 1994; Sluijs et al., 2005).

The higher part of the non-cal car e ous in ter val (sam ples
from depths 8.5–8.7 and 7.1–7.25 m), dis tin guished by high
pro por tion of aquatic al gae and Homotryblium (H. pallidum and
H. floripes: 12.6 and 13.5%, re spec tively), was pre sum ably de -
pos ited in a shal low, partly re stricted ma rine ba sin.

The top most sam ple from depth 5.0–5.2 m, like the ones
from 8.8–10.5 m in ter val, yielded a highly tax o nom i cally im pov -
er ished as sem blage dom i nated by Deflandrea (al most 65%)
point ing to brack ish con di tions.
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DISCUSSION

BIOSTRATIGRAPHY

The age-in ter pre ta tions of pre vi ous au thors point gen er ally
to a Bartonian age for the lower (cal car e ous) part of the So³okija 
suc ces sion, which agree with the in ter pre ta tion given in this pa -
per. Some in con sis tences may re sult from var i ous meth ods
used and/or dif fer ent in ter vals stud ied.

The Eocene suc ces sion of the So³okija Graben was dated
in two bore holes from the north-west ern part of the graben:
£aszczówka-29 and Piekie³ko-30 (Fig. 1B) by GaŸdzicka
(1994) who cor re lated the cal car e ous nannoplankton stud ied
with the up per part of the Cal car e ous Nannoplankton Zone
NP16, which, in turn, is cor re lated with the lower part of the
Bartonian (Berggren et al., 1995). This con clu sion was based
on the pres ence of a few spe cies that have known low est oc cur -
rences in the up per part of this zone: Cribrocentrum
faveolatum, Dictyococcites bisectus, Discoaster bifax. These
spe cies oc cur in the up per most parts of the pro files stud ied by
GaŸdzicka (1994): Cribrocentrum faveolatum (the low est oc -
cur rence at the depth 10.2 m in P-30 bore hole), Dictyococcites
bisectus (oc cur rence in the 9.5–11 m in ter val in the £-29 bore -
hole), Discoaster bifax (with a low est oc cur rence at the depth
11 m in the £-29 bore hole), and only in the Piekie³ko-30 bore -
hole the lat ter spe cies was found in the basal part (depth
50.5 m). GaŸdzicka’s re sults (up per part of the NP16 Zone) can
be cor re lated with the Lower Bartonian age of the basal 2 m
thick in ter val of the So³okija bore hole (the up per part of the
NP16 Zone is cor re lated with the Lower Bartonian; Berggren et
al., 1995). But the higher part of the cal car e ous in ter val of the
So³okija suc ces sion is at least of Mid dle Bartonian age (as in di -
cated by the oc cur rence of Lentinia serrata), which is youn ger
than was sug gested by GaŸdzicka (1994).

The in ter pre ta tions of Buraczyñski and Rzechowski (1998:
p. 59) also point to the Bartonian age of the basal in ter val. They
re ferred to the un pub lished re sults of cal car e ous nanno -
plankton stud ies from sec tions at £aszczówka, Piekie³ko,
Leliszka and Hrebenne by GaŸdzicka and Smagowicz, and cor -
re lated the lower (cal car e ous) part of the suc ces sion with the
NP16 and NP17 zones (i.e., gen er ally the same in ter pre ta tion
as pro posed in this pa per, but both zones em brace a wide in ter -
val of Up per Lutetian–Bartonian; Berggren et al., 1995) on the
ba sis of the pres ence of Discoaster tani nodifer and Discoaster
saipanensis, al though both spe cies are known also from the
older NP16 Zone (Perch-Niel sen, 1985; Mar tini and Müller,
1986; see also GaŸdzicka, 1994: fig. 4) and no in di ca tions of
NP17 Zone were noted by GaŸdzicka (1994). Foraminiferal as -
sem blages with Truncorotaloides rohri de scribed from the
same ma te rial by Giel and Odrzywolska-Bieñkowa (in
Buraczyñski and Rzechowski, 1998) were cor re lated by these
au thors with the top most part of the Mid dle Eocene
(Buraczyñski and Rzechowski, 1998) al though T. rohri is known 
from a wider time-in ter val em brac ing the whole Mid dle Eocene.
Po¿aryska and Locker (1972) de scribed T. cf. rohri from the
Siemieñ For ma tion at Siemieñ; ac cord ing to them this spe cies
is known in Po land from the Up per Bartonian–Lower
Priabonian in ter val (see dis cus sion in Uberna and Odrzy -
wolska-Bieñkowa, 1977). Berggren et al. (1995) re ported T.
rohri from the Lutetian–Mid dle Bartonian (P10–P14 zones),
whereas ear lier au thors re ported the range of this spe cies as
lim ited to the up per part of the P9 to P14 zones cor re lated then
with the top most Ypresian–Bartonian (e.g., Toumarkine and
Luterbacher, 1985).

Dinoflagellate cysts de ter mined by S³odkowska (in Bura -
czyñski and Rzechowski, 1998), in clud ing Areosphaeridium
diktyoplokum, Lentinia serrata and Wetzeliella ovalis, sug gest a 
Bartonian age for the lower (cal car e ous) part of the So³okija
suc ces sion. Pre cise com par i son with S³odkowska’s data is im -
pos si ble since Buraczyñski and Rzechowski (1998) nei ther re -
ferred to a full spe cies list nor to pre cise sam ple lo ca tion. They
only men tioned a few spe cies, among which the oc cur rence of
Lentinia serrata and the acritarch Paucilobimorpha may be cor -
re lated with the high fre quency of L. serrata and
Paucilobimorpha in the ma te rial stud ied re corded in the up per
part of the cal car e ous in ter val (depth 18.3–29.55 m). The pres -
ence of Lentinia serrata in the ma te rial of S³odkowska (in
Buraczyñski and Rzechowski, 1998) likely sug gests that her
ma te rial did not came from the basal in ter val (the low er most
Bartonian).

The up per, non-cal car e ous in ter val of the So³okija suc ces -
sion con tains no cal car e ous microfossils (Buraczyñski and
Rzechowski, 1998). Dinoflagellate cysts de scribed by
S³odkowska (in Buraczyñski and Rzechowski, 1998) were in ter -
preted as youn ger than Bartonian, but older than Rupelian, i.e.,
their age may be cor re lated with the Priabonian. This in ter pre ta -
tion partly agrees with the one pre sented in this pa per: the
Priabonian age of the up per (non-cal car e ous) part of the
So³okija suc ces sion in Leliszka bore hole is doc u mented for the
up per most in ter val (above 8.7 m) where Rhombodinium
perforatum oc curs. The basal part of the non-cal car e ous in ter -
val is Bartonian; its up per part can be cor re lated with the NP17
Zone.

Com par i son of these all avail able data show the un doubted
Bartonian age of the cal car e ous in ter val. A Bartonian age
based on dinoflagellate cysts is con sis tent with foraminiferal,
cal car e ous nannoplankton and pre vi ous palynological data.
Ra dio met ric datings of glauconite from bore holes ob tained by
Krzowski (1993) are also con sis tent, al though less pre cise:
39.5 ± 3.0 Ma from the low er most part of the £aszczówka-29
suc ces sion, and 42.2 ± 3.0 Ma from the top most layer of the
Piekie³ko-30, due to rel a tively high er rors, can be ei ther Late
Lutetian, Bartonian and/or Early Priabonian – the
Lutetian/Bartonian bound ary is dated at 41.3 Ma, and the
Bartonian/Priabonian bound ary is dated at 37.0 Ma in the stan -
dard chronostratigraphy scale of Berggren et al. (1995).

An other prob lem re fers to a pos si ble hi a tus be tween the
cal car e ous and non-cal car e ous in ter vals sug gested in this
study. None of the pre vi ous au thors who had a chance of closer
de scrip tions of the So³okija Graben suc ces sion cores re port
such a pos si bil ity.

CORRELATION WITH OTHER EOCENE SITES OF SE POLAND

Epicontinental ba sin. The Eocene suc ces sion of the
So³okija Graben is com monly cor re lated with sev eral other sites 
on the Lublin Up land and its vi cin ity, which are treated as co eval 
(e.g., Buraczyñski and Rzechowski, 1998: p. 60). They lie to the 
north of the Lublin re gion, in area of Radzyñ Podlas -
ki–Siemieñ–Pu³awy. The best-known sites are in the vi cin ity of
Siemieñ near Parczew. They were known al ready in the 19th
cen tury (Giedroyæ, 1886), and were widely stud ied for mi cro-
and macrofauna in the 1960s and 1970s (WoŸny, 1966a, b,
1967, 1977; Uberna and WoŸny, 1970; Po¿aryska and Locker,
1972; Szczechura, 1977; Po¿aryska, 1977); more re cently
Kosmowska-Ceranowicz et al. (1990) de scribed also am ber
and cal car e ous nannoplankton there. The Paleogene suc ces -
sion at Siemieñ was in cluded by Ciuk (1974) within the up per
part of the Pomerania Beds, later dis tin guished as the Siemieñ
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Beds by Po¿aryska (1977), now placed in the in for mal Siemieñ
For ma tion (Piwocki, 2002). It is up to 5 m thick and rests on Up -
per Cre ta ceous marl and clay over lain by a thin Qua ter nary
cover; it shows highly un even de vel op ment, be ing com monly
re duced or miss ing, over dis tances of a few metres. Ac cord ing
to Piwocki (2002), the Siemieñ For ma tion at Siemieñ con sists
of basal transgressive quartz gravel and cal car e ous
quartz-glauconite sand with phosphorite con cre tions and fre -
quent macrofaunal re mains (thick-shelled bi valves, cor als,
bryo zoans), which pass up wards to pre dom i nantly non-cal car e -
ous fine-grained sand and silt (see also Kasiñski and
To³kanowicz, 1999). Po¿aryska and Locker (1971) cor re lated
foraminifera from the lower, cal car e ous, part of the Siemieñ
For ma tion at Siemieñ with the Globigerapsis semiinvoluta Zone 
and cal car e ous nannoplankton with the NP16 Zone. Later, cal -
car e ous nannolankton from the same de pos its were cor re lated
by Po¿aryska (1977) and Kosmowska-Ceranowicz and
Po¿aryska (1984) with the NP17 Zone, whereas Müller (in
Kosmowska-Ceranowicz et al., 1990) cor re lated it with the
NP18 Zone – basal Priabonian (Berggren et al., 1995). A sim i -
lar, 3.15 m thick suc ces sion of the Siemieñ For ma tion was de -
scribed by Mojski et al. (1966) from a bore hole at Luszawa,
some 15 km east of Siemieñ. No micro fauna was stud ied, and
they re ported only macrofossils (cor als and bi valves) high light -
ing their sim i lar ity to macrofauna from Siemieñ and sug gested
an Up per Eocene age for the Luszawa suc ces sion. To the
north, the thick ness of the Siemieñ For ma tion in creases to
15–20 m at Antonin and Branica near Radzyñ Podlaski (Uberna 
and Odrzywolska-Bieñkowa, 1977; Uberna, 1981). The
Eocene at these sites is char ac ter ized by tri par tite de vel op -
ment: there are two in ter vals with quartz gravel, quartz-glauco -
nitic sands and phosphorite con cre tion lev els, the up per level
con tain ing fre quent fos sils; the third, top most, in ter val con sists
of fine-grained quartz-glauconitic sands, cal car e ous in lower
part, and non-cal car e ous in the up per part. Uberna and
Odrzywolska-Bieñkowa (1977) cor re lated foraminifera as sem -
blages from the basal in ter val with the Truncorotaloides rohri
Zone that was con sid ered as Lower Priabonian at that time. Ac -
cord ing to Piwocki (2002) the Siemieñ For ma tion at Siemieñ
can be cor re lated with the mid dle and up per in ter vals of the
Antonin and Branica sec tions. An Up per Eocene foraminifera
as sem blage (but dif fer ent from the one with T. rohri) was de -
scribed by Uberna and Odrzywolska-Bieñkowa (1977) from the
basal part of an Eocene suc ces sion, over 40 m thick, from a
bore hole at Michów; this suc ces sion was in cluded by Piwocki
(2002) within the Siemieñ For ma tion.

Some other quartz-glauconitic suc ces sions from north ern
pe riph er ies of the Lublin re gion (e.g., at Glinny Stok near
Siemieñ, £¹koæ near Michów; Uberna, 1973; Fig. 8) were bar -
ren, and these were cor re lated with the Siemieñ For ma tion on
the ba sis of lithological sim i lar i ties (Uberna and
Odrzywolska-Bieñkowa, 1977; Piwocki, 2002).

Pre cise age cor re la tion of the So³okija suc ces sion with the
Siemieñ For ma tion is dif fi cult due to lithofacies vari abil ity of the
lat ter, and dif fer ing dates based on var i ous fos sil groups, the
cor re la tion of which has changed sig nif i cantly dur ing last few
de cades. The So³okija suc ces sion shows a dif fer ent lithological
de vel op ment: it is much thicker than the Siemieñ For ma tion in
its stratotype, there are nei ther am ber nor fre quent
macrofossils that are so char ac ter is tic of the Siemieñ For ma -
tion, nor were phosphorite con cre tions, so fre quent in the
Siemieñ For ma tion, ob served. The re sults of most of
biostratigraphical stud ies show an Up per Bartonian–Lower
Priabonian age for the Siemieñ For ma tion. Po¿aryska and
Locker (1971) dated the basal part of the Siemieñ For ma tion to
the G. semiinvoluta Zone (now the Porticulasphaera

semiinvoluta In ter val Zone) cor re lated by Berggren et al. (1995)
with the Up per Bartonian–Lower Priabonian, and with the up per 
part of the NP17-lower part of the NP19-20 zones (Up per
Bartonian–Lower Priabonian ac cord ing to Berggren et al.,
1995). This makes foraminiferal dat ing of Po¿aryska and
Locker (1971) partly co her ent with in ter pre ta tions of the cal car -
e ous nannoplankton stud ies of Po¿aryska (1977) and
Kosmowska-Ceranowicz and Po¿aryska (1984) – NP17 Zone,
and Müller (in Kosmowska-Ceranowicz et al., 1990) – NP18
Zone. The age sug gested by Po¿aryska and Locker (1971) on
the ba sis of cal car e ous nannoplankton (NP16 Zone with
Discoaster tani nodifer, i.e., Up per Lutetian–Lower Bartonian;
Berggren et al., 1995) was crit i cized by Uberna and
Odrzywolska-Bieñkowa (1977) who noted the lack of the in dex
spe cies in the Siemieñ as sem blages of Po¿aryska and Locker
(1971). In such a case, the lower part of the So³okija suc ces sion 
is older – Lower Bartonian (up per part of NP16 zone) than the
lower part of the Siemieñ For ma tion at Siemien – Up per
Bartonian (P. semiinvoluta Zone). But it must be noted that
Piwocki (2002) sug gested that the old est Eocene strata are ab -
sent at Siemieñ; they oc cur near Radzyñ Podlaski, where
Uberna and Odrzywolska-Bieñkowa (1977) in cluded them to
the T. rohri Zone (dated then as basal Priabonian) – now cor re -
lated (as the T. rohri–M. spinulosa Zone = P14 Zone) with the
Mid dle Bartonian (i.e., lower part of the NP17 zone; Berggren et
al., 1995). How ever, even then, this old est part of the Siemieñ
For ma tion near Radzyñ Podlaski seems to be slightly youn ger
than the low er most part of the So³okija suc ces sion.

Piwocki (2002) re ferred to un pub lished re sults of
Grabowska and S³odkowska who de scribed dinoflagellate cysts 
from the Lublin re gion, in clud ing Siemieñ; Grabowska noted
there the pres ence of Areosphaeridium diktyoplokum and
Thalassiphora fenestrata in ter preted as in dic a tive of the
Priabonian. How ever, Piwocki (2002) did not spec ify in which
part of the Eocene suc ces sion these dinoflagellate cysts were
found.

The above-men tioned sites in clude de pos its of which an
Eocene age is doc u mented palaeontologically. There are sev -
eral oth ers on the Lublin Up land that show sim i lar li thol ogy
(mainly glauconitic sands and silts) but their age is dis put able –
Paleocene, Eocene, Oligocene or Mid dle Mio cene, de pend ing
on the au thor. Krzowski (1993) stud ied glauconite from some of
them and re ported a ra dio met ric age which ranges from
Early–Mid dle Eocene through Late Eocene (e.g., Che³m vi cin -
ity, ¯uków, Sporniak; see also Piwocki, 2004; Fig. 8). In cases
such as Radawiec or Czu³czyce, glauconite that gave an
Eocene ra dio met ric age was ev i dently re worked into Mio cene
de pos its. No pre cise dat ing of the quartz-glauconite sands that
oc cur east of Lubartów is yet avail able; the au thor’s stud ies
gave no re sults, the Lubartów sands con tain ing no
dinoflagellate cysts. Czury³owicz et al. (2014) treated them as
Up per Priabonian–Lower Rupelian but they gave no ev i dence
for such an age-in ter pre ta tion – these au thors re ferred to the
pa per of Kasiñski and To³kanowicz (1999) and un pub lished
data of Kasiñski et al. (1997) who cor re lated these de pos its with 
the Up per Bartonian–Lower Priabonian Siemieñ For ma tion.

 Outer Carpathians. A deep-wa ter hemipelagic sed i men ta -
tion pre vailed in Carpathian bas ins dur ing de po si tion of the
Leliszka suc ces sion. Con tin u ous suc ces sions of the Mid dle-
and Up per Bartonian and Lower Priabonian strata are rep re -
sented mainly by a hemipelagic fine-grained fa cies known as
the Var ie gated Shale (interlayering thin-bed ded red dish and
green ish claystones and siltstones; lo cally dis tin guished as the
Green Shales when no red dish claystone is pres ent) or dis tal
turbiditic fa cies of the Hi ero glyphic Beds (e.g., Ry³ko, 2004);
thick-bed ded turbidites oc cur mainly in the south ern part of the
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Magura Ba sin (the Magura For ma tion; Birkenmajer and
Oszczypko, 1989). A pre dom i nance of hemipelagic fa cies in
the  Outer Carpathian bas ins dur ing the Bartonian and early
Priabonian re flects the high sea  level (e.g., Leszczyñski and
Uchman, 1991) char ac ter is tic of this time in ter val (see Haq et
al., 1987).

The same fa cies pat tern char ac ter izes the Skole Ba sin, the
north ern most Carpathian ba sin that bor ders with a land area
that sur rounds the Carpathian bas ins from the north – the
Meta-Carpathian Swell (Fig. 8): the Bartonian–Lower
Priabonian of the Skole Ba sin is rep re sented by the Green
Shales and the Hi ero glyphic Beds (e.g., Rajchel, 1990). These
de pos its rep re sent the basinal fa cies of the Skole Ba sin
whereas the mar ginal ones are pre served in the form of sub ma -

rine slump de pos its known as the Popiele Beds. Dinoflagellate
cyst anal y sis of the ma te rial from the Popiele Beds at Koniusza
showed that the old est as sem blages oc cur in clasts of pale-col -
oured marl – they were dated as Early Bartonian (Gedl, 2013)
be ing thus pre sum ably co eval with the low er most part of the
Leliszka suc ces sion (sam ple from depth 38.6–38.7 m) – they
con tain no Lentinia serrata that ap peared for the first time dur -
ing the Mid dle Bartonian (Bujak et al., 1980; Wil liams et al.,
2004) and oc cur in the higher part of the Leliszka suc ces sion
(above depth 36.8 m). Their tax o nomic com po si tion and
palynofacies were in ter preted as in dic a tive of a ma rine shelf
set ting char ac ter ized by very low ter res trial in flux; fre quent
hypersaline-in dic a tive dinoflagellate cysts were in ter preted as
an ev i dence of la goonal con di tions in the hin ter land (Gedl,
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Fig. 8. Palaeo ge ogra phy of SE Po land dur ing the Bartonian–Priabonian

Ex tent of the sea is based on Grabowska and S³odkowska (1993), S³odkowska (2004), Myœliwiec and Œmist (2006) and
com pi la tion by Piwocki (2004); no dis tinc tion be tween Mid dle Eocene (mainly Bartonian) and Up per Eocene
(Priabonian) is made due to in con sis tences in pre cise cor re la tion be tween par tic u lar lithological units to the
geochronostratigraphic units that fre quently changed dur ing the past forty years; lo ca tions men tioned in text: 1 – Leliszka 
bore hole, 2 – £ukowa-4 bore hole, 3 – Zawichost, 4 – Koniusza, 5 – Siemieñ, 6 – Luszawa, 7 – Radzyñ Podlaski, 8 –
Michów, 9 – Sporniak, 10 – Che³m, 11 – ¯uków; 12 – Lubartów
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2013). Youn ger, Priabonian as sem blages found in the dark col -
oured mudstone that forms the bulk of the Popiele Beds can be
partly cor re lated with the Priabonian part of the Leliszka suc -
ces sion (the youn gest Late Priabonian as sem blages with
Reticulatosphaera actinocoronata from the Popiele beds are
youn ger than the Early Priabonian of Leliszka; Gedl, 2013).
Palaeoenvironmental in ter pre ta tion of the Priabonian as sem -
blages from the Popiele Beds sug gested that they ac cu mu lated 
in a ma rine shelf en vi ron ment which, in con trast to the older
marly lithofacies, was sit u ated in a zone of higher ter res trial in -
flux, in clud ing pre sum ably weak flu vial ac tiv ity in the hin ter land
that, dur ing the Early Bartonian, was ab sent (Gedl, 2013).

PALAEOPROVINCIAL AFFINITY OF DINOFLAGELLATE CYST
ASSEMBLAGES AND THE PALAEOTECTONICS OF ROZTOCZE

Foraminiferal data show that the Late Eocene
epicontinental sea in Po land was in flu enced by wa ters from two
fau nal prov inces: Bo real and Tethyan (Med i ter ra nean). De pos -
its in SE Po land (e.g., the Siemieñ For ma tion on the north ern
slopes of the Lublin Up land) con tain bo real el e ments show ing
that this area was flooded by a trans gres sion that came from
the east ern re gions (e.g., Po¿aryska, 1977; Po¿aryska and
Odrzywolska-Bieñkowa, 1977). Tethyan el e ments found in NW
Po land sug gest that there was a con nec tion be tween the
epicontinental and Carpathian bas ins through the Moravian
Gate (Piwocki, 2004). These two zones were pre sum ably sep a -
rated by the Mid-Pol ish Swell that dur ing the Mid dle–Late
Eocene formed a bar rier (Po¿aryska and Odrzywolska-
 Bieñkowa, 1977; Jarosiñski et al., 2009). How ever, pre cise re -
con struc tion of its struc ture and the tim ing of its up lift is un cer -
tain (see e.g., Krzywiec, 2006). Traces of fau nal mix ing be -
tween these two do mains in di cates that they were at least pe ri -
od i cally con nected with each other (Piwocki, 2004) but its pre -
cise re con struc tion, es pe cially in the SE Po land, is not pos si ble
due to al most com plete re moval of the Eocene de pos its dur ing
the lat est Eocene and/or post-Eocene up lift of the Mid-Pol ish
Swell and the Meta-Carpathian Swell.

The dinoflagellate cysts from the Leliszka suc ces sion show
sim i lar i ties with those from the Bo real (North Sea) prov ince. Al -
most all spe cies found in the ma te rial stud ied are also known
from lo cal i ties in the U.K., Den mark, north ern Ger many and
Bel gium (e.g., Eaton, 1976; Bujak et al., 1980; Coninck, 1986,
1995; Bujak, 1994; Heilmann-Clausen and Simaeys, 2005;
Köthe, 2007), but also from the Ukrai nian and more east ern
sites (Andreeva-Grigorovich et al., 2011; Vasilyeva, 2013; they
also show sim i lar i ties to the Bartonian Kisselovia ornata as sem -
blage from north west ern Si be ria; Iakovleva et al., 2000). Many
spe cies from the ma te rial stud ied are be lieved to be typ i cal
high-lat i tude ones, e.g., Achomosphaera alcicornu, Lentinia
serrata, Pentadinium laticinctum, Corrudinium incompositum,
Achilleodinium biformoides (Brinkhuis and Biffi, 1993). These
sim i lar i ties of dinoflagellate cyst as sem blages, and par tic u larly
the pres ence of North Sea spe cies such as Wetzeliella sim plex
in the Lieliszki bore hole, con firms that this part of the
epicontinental ba sin in Po land was con nected, es pe cially dur -
ing the Bartonian, with ba sin sys tems stretch ing from the North
Sea to the Cas pian Sea area (see Po¿aryska, 1977: fig. 3).
How ever, Po¿aryska (1977) ex cluded a North Sea di rec tion of
the trans gres sion that left Eocene de pos its in the north ern sur -
round ings of the Lublin Up land; ac cord ing to her it came from
the east (see also Po¿aryska and Odrzywolska-Bieñkowa,
1977). Odrzywolska-Bieñkowa and Po¿aryska (1981), in turn,
noted a bo real char ac ter of micro fauna from Siemieñ.
Po¿aryska (1977) also ex cluded a di rect con nec tion of the

epicontinental ba sin in SE Po land with the Carpathian ba sin;
they may have been con nected through the Moravia Gate in
SW Po land (e.g., Po¿aryska and Odrzywolska-Bieñkowa,
1977). But com par i son of the Bartonian as sem blages with ap -
prox i mately co eval ones from the mar ginal de pos its of the
Skole Ba sin ( Outer Carpathians) – the Popiele Beds ex posed
at Koniusza – show many com mon taxa as well (see Gedl,
2013). An un des cribed spe cies Gen. et spec. indet. C sensu
Gedl 2013 that oc curs in the basal part of the Leliszka suc ces -
sion is also known from the Lower Bartonian pale col oured
clasts that oc cur in the Popiele Beds (Gedl, 2013). The same
re fers to spe cies such as Corrudinium sp. A sensu Gedl (2013)
or some Batiacasphaera spe cies – their pres ence in both sites
may in di cate that a con nec tion ex isted with the Carpathian ba -
sin. It must be also re mem bered that dinoflagellate cysts, as
plank ton, could much more eas ily mi grate via sur face wa ter cur -
rents, whereas foraminifera known from the Eocene
epicontinental sea, par tic u larly ben thic ones, were more bound
by sub strate and wa ter depth. Shal low-ma rine ar eas on sub -
merged heights be tween par tic u lar bas ins (as for ex am ple the
Meta-Carpathian Swell) were no ob sta cle for dinoflagellate
cysts, while they may have pre vented foraminifera mi gra tions.

An other clue point ing to the ex is tence of at least tem po rary
con nec tions be tween epicontinental and Carpathian bas ins in
SE Po land is the pres ence in the ma te rial stud ied of spe cies be -
lieved to be typ i cal Tethyan ones – e.g., Hemiplacophora
semilunifera, Hystrichokolpoma globulus, Impagidinium
maculatum, Ynezidinium brevisulcatum (see Brinkhuis and
Biffi, 1993). Al though their pres ence at Rozotocze con firms a
sea way ex is tence be tween these two bas ins dur ing the
Bartonian it does not un am big u ously solve the prob lem of their
lo ca tion. The wa ter ex change could have been con ducted ei -
ther through the Black Sea–Cas pian Sea ter ri to ries or di rectly
through the Meta-Carpathian Swell in SW Po land. The lat ter hy -
poth e sis might be sug gested by the pres ence in the ma te rial
stud ied of Impagidinium spec i mens, which, al though in fre -
quent, sug gests that the Roztocze Ba sin dur ing the Bartonian
was in con nec tion with an open ma rine ba sin. This co in cides
with palynofacies and dinoflagellate cysts from the Early
Bartonian clasts from the Popiele Beds from the south ern side
of the Meta-Carpathian Swell, which also show a lack of ter res -
trial in flux (Gedl, 2013). Thus, the epicontinental ba sin of
Roztocze and the Skole Ba sin were pre sum ably sep a rated dur -
ing the Bartonian by the Meta-Carpathian Swell, but dur ing a
high-sea level phase it be came partly sub merged, form ing and
is land arc al low ing ex change be tween these two bas ins. On its
south ern slopes shal low-ma rine, la goonal, en vi ron ments oc -
curred, in hab ited by motile stages of the hypersaline gen era
Homotryblium and Polysphaeridium (Gedl, 2013).

This hy poth e sis op poses the con clu sions of Po¿aryska
(1977) who com pared the foraminifera from the Siemieñ For -
ma tion (north ern slopes of the Lublin Up land) with the ones de -
scribed by Wójcik (1904) and Syniewska (1937) from the
Popiele Beds. Po¿aryska (1977) found no sim i lar i ties be tween
as sem blages from these two sites; she also com pared other
Eocene Carpathian as sem blages and sug gested that there
was no di rect con nec tion be tween the Late Eocene Carpathian
and the epicontinental ma rine bas ins in the Koniusza area. But
it must be high lighted that the lower, fossiliferous part of the
Siemieñ For ma tion is rather Bartonian, and Syniewska’s and
Wójcik’s as sem blages come from the fossiliferous ma trix of the
Popiele Beds that is Priabonian; dinoflagellate cysts on which
an as sump tion of con nec tion be tween Tethyan and
epicontinental bas ins was based are Bartonian (Mid dle–Late
Bartonian in the case of the Leliszka suc ces sion, and Early
Bartonian in the case of marly clasts from the Popiele Beds). On 
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the other hand, how ever, some spe cies oc cur ring in the ma te -
rial stud ied are ab sent from the Popiele Beds – this re fers to,
e.g., Chiropteridium eocaenicum, Wetzeliella eocenica and
Charlesdowniea variabilis; their ab sence may re flect iso la tion of 
these two bas ins also in the Bartonian, but it may also re flect
strati graphi cal dif fer ences: no Mid dle–Late Bartonian as sem -
blages have been de scribed from the Popiele Beds so far
(Gedl, 2013).

The pre cise re con struc tion of the hy po thet i cal sea ways that
con nected Roztocze with Carpathian and epicontinental bas ins 
dur ing the Bartonian high sea level phase (Fig. 8) is im pos si ble
due to the scar city of pre served rem nants of co eval de pos its in
SE Po land. Most likely the ma jor con nec tions went west of the
pres ent-day Lublin Up land, through the west ern Ukraine. Lack
of re worked Eocene dinoflagellate cysts in Mio cene de pos its
south-east of the Holy Cross Mts. (Gedl, 2012) sug gests that
this part of the Meta-Carpathian Swell was then land (see e.g.,
Karaszewski, 1966; Liszkowski and Stochlak, 1969; Felisiak,
1992). A dis put able re con struc tion en com passes the most of
the Lublin Up land re gion where iso lated patches of
quartz-glauconitic de pos its of un cer tain age, de void of fos sils,
oc cur (well-dated ma rine de pos its oc cur on its north ern slopes:
see the sec tion Cor re la tion with other Eocene sites of SE Po -
land). Some of these were at trib uted to the Eocene on the ba sis 
of glauconite ra dio met ric dates (Krzowski, 1993). The oth ers,
e.g., the sands east of Lubartów, are con sid ered as
Eocene–Oligocene though lack palaeontological ev i dence
(e.g., Czury³owicz et al., 2014). The lack of fos sils sug gests that 
these de pos its ac cu mu lated in a very shal low, high-en ergy en -
vi ron ment (Morawski, 1960; Czury³owicz et al., 2014; note:
Morawski re fers to the Oligocene, then widely ac cepted, age of
the sands at Lubartów) and/or in con ti nen tal en vi ron ments,
such as the pre sum ably re sid ual de pos its known as the
Zawichost Sands. In both cases pre cise dat ing is barely pos si -
ble and, hence, palaeogeographic re con struc tions of the Lublin
Up land re gion for this par tic u lar time in ter val is highly ar bi trary.
Nev er the less, the Lublin Up land was pre sum ably al ready an
up lifted struc ture in the Bartonian, sur rounded to the north, east 
and south by ma rine bas ins.

The Early Priabonian dinoflagellate cysts from the Leliszka
suc ces sion also show tax o nomic sim i lar i ties with Bo real and
Tethyan flo ras. But com po si tion of their as sem blages, par tic u -
larly their tax o nomic im pov er ish ment and fre quent oc cur rence
of near-shore Homotryblium and brack ish Deflandrea, con -
trasts with that of co eval and slightly youn ger as sem blages
from mar ginal Carpathian de pos its. Com par i son of Priabonian
dinoflagellate cysts from the Leliszki suc ces sion and the
Priabonian part of the Popiele Beds at Koniusza (Gedl, 2013)
show sig nif i cant dif fer ences. The ones from Leliszki are char ac -
ter is tic of a re stricted ma rine ba sin which be came brack ish,
whereas as sem blages from the Popiele Beds show high di ver -
sity typ i cal of fully ma rine, off shore bas ins, as do ones from
other, more south ern lo cal i ties within the Carpathian orogenic
belt (see e.g., Couvering et al., 1981; Gedl, 1995, 1999, 2004,
2005a, b). More over, the palynofacies of the Priabonian de pos -
its of the Popiele Beds sug gest rel a tively high ter res trial in flux
from the north, i.e., from the Meta-Carpathian Swell that had to
have been emer gent dur ing the Priabonian. This sug gests iso -
la tion of the Roztocze Ba sin from the Carpathians by the
Meta-Carpathian Swell, which pre sum ably emerged dur ing the
ear li est Priabonian and be came a bar rier sep a rat ing the
Carpathian and Roztocze bas ins. Ac cord ing to Po¿aryska
(1977: fig. 3) pos si ble con nec tions be tween these two bas ins
dur ing Priabonian were through the Moravian Gate (to the west) 
and through the Black Sea–Cas pian Sea area.

The pres ence of a ma rine ba sin at Roztocze (i.e., the south -
west ern flank of the Mid-Pol ish Swell and the north ern sur -
round ings of the Meta-Carpathian Swell) in di cates that this re -
gion was not in flu enced by ma jor uplif dur ing the Bartonian, its
ap pear ance was rather caused by eustasy (Fig. 9). This was
pre sum ably also the rea son for sub se quent shallowing dur ing
the Late Bartonian, which might be as so ci ated with a global sea
level fall close to the Bartonian/Priabonian turn over, rather (see
Haq et al., 1987) than with the up lift of the swell. How ever, the
lat ter op tion can not be ex cluded: some small-scale up lift of the
Meta-Carpathian Swell may have taken place: they may have
been re spon si ble for a sed i men tary pause/slow down re corded
at the depth 18.3–18.5 m (Fig. 7). Fur ther shallowing of the ba -
sin may have been caused by both eustasy and up lift of the
Meta-Carpathian Swell; but the lat ter op tion seems to be less
plau si ble since dur ing the Early Priabonian a sec ond trans gres -
sion cov ered Roztocze, and the global sea level dur ing the
Early Priabonian was lower than dur ing the Bartonian (Fig. 9),
and so it could not have flooded el e vated ar eas.

Shallowing of the Priabonian sea at Roztocze, in turn, was
pre sum ably caused by the Mid-Pol ish Swell up lift in its south -
east ern part since the Priabonian was a time of rel a tively small
global sea level rise (see Haq et al., 1987; Fig. 9).
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Fig. 9. Com par i son of eustatic curve with a con cep tual curve
of sea level change in the Roztocze area dur ing the Bartonian

and Early Priabonian

Age af ter Berggren et al. (1995); M.-C.S. – Meta-Carpathian
Swell; s.p.,e.? – sed i men ta tion pause, ero sion?
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SUMMARY

The biostratigraphical and palaeoenvironmental in ter pre ta -
tion of dinoflagellate cyst as sem blages de scribed from the
Leliszka bore hole con firms the re sults of ear lier stud ies sug -
gest ing the pres ence of a ma rine ba sin in the Roztocze area
dur ing the Bartonian–Early Priabonian. Its pre cise ex tent is un -
known since its de pos its are pre served only along the So³okija
Graben, which is a post-Eocene tec tonic struc ture. Ar eas be -
yond the So³okija Graben were eroded dur ing the Oligocene
and Mio cene, and the only traces of Eocene trans gres sion are
re worked dinoflagellate cysts pre served in Mio cene de pos its of
Roztocze and the Carpathian Foredeep Ba sin (Gedl, 2012).

The Eocene trans gres sion started dur ing the Early
Bartonian; ini tially this was a rel a tively ex ten sive (from the pres -
ence of rare Impagidinium spec i mens in basal part) al though
rather shal low ba sin char ac ter ized by high-en ergy bot tom con -
di tions. The lat ter fea ture is based on the pres ence of
glauconite and fre quently me chan i cally dam aged dinoflagellate 
cyst spec i mens. There is no sign of large in flux of land-de rived
ma te rial; this shows that dur ing the early stages of the
Bartonian ba sin at Roztocze there was no nearby large land -
mass with well-de vel oped drain age sys tems.

The max i mum of the Bartonian trans gres sion is pre sum ably 
re corded in the basal part of the Leliszka bore hole at the depth
of ca. 33–37 m where highly di verse as sem blages oc cur as so -
ci ated with in fre quent spec i mens of the off shore ge nus
Impagidinium. Higher, a grad ual shallowing of the ba sin is re -
corded that led to iso la tion of the ba sin and sig nif i cant changes
in wa ter chem is try. It was caused pre sum ably by eustatic low er -
ing of sea level char ac ter is tic of the lat est Batonian (Haq et al.,
1987) al though up lift of the Mid-Pol ish Swell and
Meta-Carpathian Swell can not be ex cluded. The lat ter were
pre sum ably re spon si ble for sed i men ta tion pause or slow down
re flected in a 20 cm thick layer en riched in car bon ates and
structureless or ganic mat ter at the depth of 18.3–18.5 m.
Palaeoenvironmental con di tions af ter this slow down/pause,
dur ing the Mid dle–Late Bartonian (cor re lated with the NP17
Zone; depth 8.8–18.3 m), pre sum ably due to ba sin shallowing,
led to de po si tion of non-cal car e ous siliciclastic de pos its. Dur ing 
their ini tial de po si tion, ero sion of older strata took place; this is
shown by the scat tered oc cur rence of spe cies that oc cur in the
basal part of the un der ly ing cal car e ous in ter val. The Bartonian
ba sin of Roztocze was con nected dur ing its ini tial and late
phases with the North Sea–Black Sea ba sin sys tem (to the
north-east); the pres ent-day Lublin Up land re gion was pre sum -
ably el e vated in re la tion to Roztocze, and it formed a land mass
or shal low-ma rine “plat form” sep a rat ing it to the north from the
main epicontinental ba sin. It was also pre sum ably con nected
with the Carpathian bas ins via the Meta-Carpathian Swell that
dur ing the high sea level phase of the Bartonian was pre sum -
ably sub merged. The fi nal stage of the Bartonian ba sin at
Roztocze (depth 8.8–10.5 m), in volved fur ther shallowing, iso -
la tion and the wa ters be came brack ish.

The top most in ter val (5.0–8.7 m) rep re sents strata de pos -
ited dur ing the Early Priabonian trans gres sion as so ci ated pre -
sum ably with co eval global sea level rise (Haq et al., 1987).
This short-last ing event left clastic de pos its that had ac cu mu -
lated in an en vi ron ment char ac ter ized by shal low-ma rine con di -
tions (gen eral im pov er ish ment of tax o nom i cal rich ness, fre -
quent Homotryblium), that were pos si bly partly re stricted (com -
mon al gae). The Roztocze Ba sin dur ing the ini tial stages of
Early Priabonian trans gres sion, was sep a rated from the
Carpathians by the emer gent Meta-Carpathian Swell (to the
south), and was con nected with the epicontinental ba sin (to the
north-east). It be came quickly an iso lated ba sin, pre sum ably

due to up lift of the Rozotocze area. As a con se quence, its fi nal
stage, as in the case of the Bartonian ba sin, was char ac ter ized
by brack ish con di tions (depth 5.0–5.2 m).

SELECTED TAXONOMY

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

Hair-like pro jec tions that cover the autophragm of this spe -
cies show var i ous dis tri bu tions. Most spec i mens have a dense
cover of iso lated hairs (Fig. 5A–C), but some have hairs that
tend to fuse with each other (re ferred to com monly as
Batiacasphaera sp.; Fig. 4M). This fea ture is eas ily vis i ble un -
der SEM. Some Batiacasphaera sp. spec i mens seem to pos -
sess very short hairs, barely vis i ble un der a light mi cro scope
(Fig. 5D–F).

Cordosphaeridium min i mum (Morgenroth, 1966) Benedek, 1972
(Fig. 5G–O)

Spec i mens in cluded in the pres ent study to this spe cies
have an api cal archaeopyle. This fea ture, noted ear lier by
Verteuil and Norris (1996), shows that this spe cies should be
trans ferred to an other ge nus. The spec i mens ob served also
show var i ous pro cess morphologies that range from rel a tively
short, mas sive, stri ate stems ter mi nated with dis tinct plat forms
(Fig. 5J–L), to much thin ner smooth stems with lit tle ex pan sion
at their ends (Fig. 5G–I), united prox i mally by high septa
(Fig. 5M–O).

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

Rare spec i mens ques tion ably at trib uted to this ge nus are
char ac ter ized by a large pericoel (Fig. 5S) and pro cesses that
are united dis tally by thin trabeculae (Fig. 5S). The pres ence of
a dis tinct pericoel make this spe cies sim i lar to
Hystrichostrogylon, but the dis tal con nec tions of the pro cess
are typ i cal of Cannosphaeropsis.

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

(Fig. 5Z3, Z4)

A sin gle spec i men sim i lar to C. placacanthum ex cept for
dis tally con nected pro cesses in the antapical area.

Cordosphaeridium cf. inodes (Klumpp, 1953) Eisenack, 1963
(Fig. 5Z2)

A spe cies of Cordosphaeridium that closely re sem bles C.
inodes; it dif fers, how ever, by very short pro cesses.
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Diphyes cf. ficusoides Is lam, 1983
(Fig. 5Z)

A spe cies of Diphyes which seems to rep re sent a tran si -
tional form be tween D. colligerum (Fig. 5Z1) and D. ficusoides.
It re sem bles the lat ter by a slightly con vex antapical pro cess
(Fig. 5Z), which, how ever, is thin ner, not so “in flated”, as in typ i -
cal D. ficusoides.

Dracodinium cf. rhomboideum (Al ber ti, 1961)
 Costa et Downie, 1979

(Fig. 5Z5)

A spe cies of Dracodinium re sem bling D. rhomboideum in
the rhomboidal out line of the pericyst. The periphragm of this
spe cies shows mo saic struc ture that dif fers from the usu ally
smooth periphragm of D. rhomboideum.

Ectosphaeropsis? sp.
(Fig. 5U)

This spe cies re sem bles a spe cies cf. Ectosphaeropsis
burdigalenis de scribed by Heilmann-Clausen and Simaeys
(2005) from the basal Priabonian of the Dan ish Ba sin.

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

This spe cies, ques tion ably as signed to Elytrocysta, has a
spher i cal shape, an api cal archaeopyle, and ap par ently a

two-lay ered wall sep a rated by densely-dis trib uted short ap -
pend ages. The outer, ectophragmal layer bears no parasutural
fea tures.

Pyxidiella? sp.
(Fig. 5P–R)

Rare spec i mens at trib uted ques tion ably to this ge nus have
an elon gate el lip soi dal shape with a cyst wall cov ered by
densely dis trib uted tiny gran ules. Archaeopyle type un cer tain,
pre sum ably precingular formed by loss of a sin gle paraplate.
This in ter pre ta tion of archaeopyle type is con tra dic tory along
with the tax o nomic af fin ity of this spe cies, since Pyxidiella have
an in ter ca lary archaeopyle; a precingular archaeopyle would
sug gest af fin ity with Pyxidinopsis. The dark col our of the spec i -
mens dis cussed sug gests that they are re worked.

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

Subsphaerical, slightly elon gated spe cies with a cyst wall
com posed of thin and ho mog e nous endophragm and thick
periphragm. Archaeopyle pre sum ably precingular, formed by
loss of a sin gle paraplate.
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