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Ab stract: This pa per doc u ments the pres ence of Eocene ma rine strata in the Carpathian Foredeep area in Po land.
As sem blages of ma rine dinoflagellate cysts have been found in sands pen e trated by the £ukowa-4 bore hole be low
the Mio cene suc ces sion of the foredeep. Their age is in ter preted as Late Eocene. The pres ence of ma rine strata of
this age in this area sheds new light on the palaeo ge ogra phy of the Carpathian fore land dur ing the Late Eocene.
The dinoflagellate cysts de scribed are com pared with co eval Carpathian and epicontinental as sem blages; pos si ble
con nec tions be tween these two bas ins are dis cussed. Phytogenetic de pos its that oc cur above the ma rine sands of
the £ukowa-4 bore hole con tain fresh wa ter palynomorphs, in di cat ing their swamp and lac us trine or i gins. The
over ly ing sand con tains im pov er ished dinoflagellate cyst as sem blages; their age is dis cussed.
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IN TRO DUC TION

The Carpathian Foredeep Ba sin (Fig. 1) was formed at
the front of north-mi grat ing Carpathian nappes dur ing the
Early–Mid dle Mio cene orogenic phase; it is filled with
mainly Mid dle Mio cene fine clastic de pos its, 200–300 m
thick in the west ern part of the Pol ish sec tor, and over 2 km
thick in its east ern part. The Mio cene suc ces sion of the
foredeep lies on a di verse sub stra tum, e.g., Car bon if er ous,
Ju ras sic, Up per Cre ta ceous, and lo cally Pre cam brian rocks.
Ear lier, dur ing the Palaeogene, the area of the Carpathian
fore land was be lieved to have been a land mass (e.g.,
Moryc, 1995), com monly known as the Meta-Carpathian
Swell, that sep a rated the Carpathian ma rine ba sin from the
epicontinental sea of the Pol ish Low lands. The be gin ning of 
its for ma tion is dated by means of its youn gest ma rine de -
pos its, rep re sented by the Up per Cre ta ceous (mainly
Maastrichtian) strata. How ever, a pre cise re con struc tion of
Carpathian fore land his tory dur ing the Palaeogene is dif fi -
cult, ow ing to the scar city of well dated de pos its known
from bore holes only. Some au thors sug gested the pres ence
of ma rine Eocene and/or Oligocene de pos its be low the Mio -
cene suc ces sion (e.g., Kowalewski, 1957; Kasiñski and Pi-
wocki, 1994), but these as sump tions were based on litholo-
gical cri te ria only. The only palaeontologically doc u mented
ma rine de pos its are the Oligocene sands in the Tarnogród
area (Gedl, 2000; Myœliwiec and Œmist, 2006; Fig. 1). Pala-
eo gene dinoflagellate cyst as sem blages from glauconitic

sands of the £ukowa-4 bore hole (Fig. 1) de scribed in this
pa per, show that this part of the pres ent-day Carpathian
Foredeep was also flooded by the sea dur ing the Late Eo-
cene. The clos est ma rine Eocene de pos its of the epiconti-
nental ba sin are ev i denced at Roztocze (e.g., Buraczyñski
and Krzowski, 1994; GaŸdzicka, 1994; Gedl, 2014; Fig. 1).
Palaeoenvironmental anal y sis of the phytogenetic de pos its
that over lie the ma rine sand shows that they ac cu mu lated in
a fresh wa ter en vi ron ment; the dat ing of them, pre sented in
this pa per, aims at cor re la tion with known coal-bear ing
strata at the base of the Carpathian Foredeep suc ces sion.

MA TE RIAL

The Palaeogene in the £ukowa-4 bore hole was pen e -
trated at a depth of 822.75–803.0 m (Fig. 2). It rests on Mid -
dle Ju ras sic sands (Figs 2, 3A) and is cov ered by marls of
the Mid dle Mio cene Baranów Beds. This al most 20 m-thick 
suc ces sion was cored in its low er most and up per parts (the
mid dle in ter val from 811–819 m in ten tion ally was not
cored). The lower in ter val in cludes a uni form 3.5 m-thick
non-cal car e ous, dark grey-green ish, fine-grained sand with
fre quent bioturbation (819.0–822.75 m; Figs 2, 3); silt clasts 
of Mid dle Ju ras sic sub stra tum oc cur in the basal 15 cm
(822.6–75 m; Fig. 2). The up per cored in ter val (803–809 m; 
Fig. 2) con sists of coal and coaly clay and loamy sand in its
lower part (806.4–809.0 m; Figs 2, 4A–D), and whit ish to



pale beigish-brown ish, non-cal car e ous, fine- to me dium-
grained sand above it (803.0–806.4 m; Figs 2, 4D–H). The
bound ary be tween the phytogenic strata and over ly ing
sands is sharp (Fig. 4D). There was no core re cov ery from
the lower part of the planned 803–811 m cor ing in ter val;
hence, no sam ples are avail able for the pas sage be tween the
coals and the un der ly ing sands; Myœliwiec and Œmist (2006, 
fig. 3) mis tak enly draw this in ter val as cored.

METH ODS

The sam ples were pro cessed in the micropalaeontolo-
gical lab o ra tory of the In sti tute of Geo log i cal Sci ences, Po-
lish 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. The or ganic
re sid uum of or ganic-rich sam ples from the basal in ter val
and coal was di vided. A part was ex am ined for palynofacies 
with out any other treat ment; an other part was sub jected to
short-last ing (up to 10 s) ni tric-acid (100% HNO3 fum ing)
ox i da tion and ana lysed for dinoflagellate cysts.

The quan tity of rock pro cessed was vari able, de pend ing 
on the li thol ogy: 120–200 g for sand sam ples and 10 g for
phytogenic sam ples. 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 sto-
red in the col lec tion of the In sti tute of Geo log i cal Scien-
ces, Pol ish Acad emy of Sci ences, Kraków.

Dinoflagellate cyst as sem blages were ana lysed for their 
di ver sity; they were counted up to at least 300, ex cept for
sam ples from the top most in ter val (pale-col oured sands
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Fig. 1. Lo ca tion of the £ukowa-4 bore hole and sim pli fied geo log i cal map of south-east ern Po land (from Gedl, 2012).



from the depths of 803.0–806.4 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’ = Spi ln(pi) where pi is
the rel a tive abun dance of each taxon; the Shan non-Weaver
in dex was ex pressed as: eH’ (Shan non and Weaver, 1949).

RE SULTS

All sam ples yielded palynological or ganic mat ter, the
quan tity of which was highly vari able. Sam ples from sand
in the lower cored in ter val (820–822.75 m) con tained larger 
amounts, ex cept for the top most sam ple (819.0–1 m) with
dis tinctly less or ganic mat ter. Sam ples from phytogenic in -
ter val (806.4–809.0 m) were gen er ally very rich in palyno-
log i cal or ganic mat ter, ex cept for a sin gle sam ple from
black mud with sand-filled bur rows (807.8 m), which yiel-
ded much lower amounts. The whit ish sand that over lies the 
coaly in ter val (806.0–1 m) con tained trace amounts of paly- 
nological or ganic mat ter; this in creased slightly in the over -
ly ing darker sand (803–805.3 m).

Basal sand (819–822.75 m)

The palynofacies of the dark-col oured quartz sand is
dom i nated by dark-brown phytoclasts, which are com monly 
black and opaque in their thick est cen tral parts, be ing trans -
par ent at the edges (70–90% at av er age; Fig. 5C), and spo-
romorphs (10–20%); the lat ter are rep re sented mainly by bi- 
saccate pol len grains (Fig. 5E). Aquatic al gae and dinofla-
gellate cysts oc cur in all sam ples stud ied; their pro por tions
rarely ex ceed 1–2%. Short-last ing ox i da tion with con cen -
trated ni tric acid (HNO3) led to the re moval of most of the
dark brown phytoclasts (Fig. 5A) leav ing res i dues en riched
in palynomorphs and cu ti cle re mains (Fig. 5B). Their pro -
por tions are shown be low.

Ox i dized res i dues of all sam ples from this in ter val (ex -
cept for the top most sam ple from a depth of 819.0–1 m) are
dom i nated by sporomorphs (40–60%) rep re sented mainly
by bisaccate pol len grains (up to 90% of the sporomorphs;
Fig. 5D). Dark brown and black phytoclasts are up to 20–
25%; small-sized phytoclasts of un cer tain or i gin (palyno-
de bris) rep re sent a sim i lar pro por tion. Aquatic el e ments are
rep re sented by prasinophycean al gae (up to 10%) and dino-
flag el late cysts (15%). The al gae are di verse and con sist of
var i ous spe cies of Leiosphaeridia, Cymatiospahaera, Tas-
manites, and oth ers. Dinoflagellate cysts are also di verse with 
more than 90 iden ti fied taxa (their dis tri bu tion is shown in
Ta ble 1, se lected taxa are il lus trated in Fig ures 6–8). Their
as sem blages are dom i nated by chorate gonyaulacoids rep re -
sented by Spiniferites ramosus (and mor pho log i cally sim i lar
Achomosphaera sp.), Homotryblium (mainly H. aculeatum),
Operculodinium (O. centrocarpum, O. microtriainum) and
peridinioids rep re sented by Deflandrea (D. phosphoritica, D. 
heterophlycta), Charlesdownieag1033  (mainly C. coleothry- 
pta), Lejeunecysta serrata and Peridinioid sp. A. The dino-
flag el late cysts and al gae are well-pre served; their walls are
trans par ent and pale-col oured. How ever, es pe cially the for -
mer fre quently are me chan i cally dam aged and the larger
specimens are pre served as frag ments only.

A dif fer ent palynofacies was found in the non-ox i dized
res i due from the sam ple from the top most part of the cored
sand in ter val (819.0–1 m; Fig. 5F). It con sists of black opa-
que phytoclasts (60%; com monly with trans par ent edges), al -
gae (30%) and sporomorphs (10%), rep re sented by dark
brown spores and mainly pale pol len grains. The green al gae
of this sam ple are mainly prasinophycean, and are tax o nom -
i cally sim i lar to the ones from the un der ly ing de pos its. They 
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Fig. 2. Lithological log of the 803–823 m in ter val of the
£ukowa-4 bore hole and lo ca tion of sam ples stud ied.
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Ta ble 1
Dis tri bu tion of dinoflagellate cysts in the £ukowa-4
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? – un cer tain oc cur rence due to fragmentarily pre served spec i men; x – mass oc cur rence of pre sum ably fresh wa ter forms; not cal cu lated, ow ing to tax o nom i -
cal un cer tain ties

Ta ble 1 con tin ued
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Fig. 3. Li thol ogy of the basal sand from the lower cored in ter val 822–819 m. A. Bound ary be tween the Mid dle Ju ras sic and Palaeogene 
at a depth of 822.75 m. B–E. Bioturbated (Ophiomorpha? isp.) non-cal car e ous dark grey-green ish sand from the basal part of the Eocene
suc ces sion. F, G. Non-cal car e ous grey-green ish sand with in fre quent traces of bioturbation. H. Pale-col oured non-cal car e ous fine-grained 
sand with out traces of bioturbation.
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Fig. 4. Li thol ogy of the up per cored in ter val 809–803 m, con tain ing coal and over ly ing sand. A. Dark-brown silt and sand with coal
lenses (lower pho to graph shows a cross-sec tion, the up per one shows core sur face with hyalinous coal lens). B. Black clay with
bioturbations filled with white silt. C. Brown to black clay and silt with coal in ter ca la tions and lay ers and lenses of white silt. D. Sharp
bound ary be tween phytogenic strata (black clay and coal lenses in the lower part of the pho to graph) and over ly ing whit ish to pale-wil -
low-green me dium-grained non-cal car e ous sand. E–G. Non-cal car e ous beigish-brown ish fine-grained sand with out sedimentological
struc tures. H. Pale grey ish, fine-grained sand. 



dif fer in hav ing a slightly darker col our, due to lack of ox i -
da tion of this sam ple. Rare Botryococcus (Chlorococcales)
oc cur. An out stand ing fea ture is the al most com plete lack of 

dinoflagellate cysts – only one spec i men of Achomosphaera
sp. was found – very well pre served, pale-col oured (conta-
mination?).
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Fig. 5. Palynofacies of the lower cored in ter val 822–819 m. A, B. Com par i son of palynofacies from the same sam ple (822.6–75 m) be -
fore (A) and af ter (B) HNO3 treat ment. C. Black opaque phytoclast (in cen tre) and black opaque phytoclasts with trans par ent edges
(822.6–75 m). D. Palynofacies com posed of black and dark brown phytoclasts, sporomorphs and dinoflagellate cysts char ac ter is tic for the
bulk of basal sand suc ces sion at the depth in ter val of 822.75–819.5 m (sam ple 822.6–75 m). E. Bisaccate pol len grains and a
prasinophycean alga Cymatiosphaera (in cen tre; sam ple 819.5-7 m). F. Palynofacies of sam ple from the depth 819.0–1 m com posed of
black opaque and dark-brown phytoclasts as so ci ated by prasinophycean al gae and sporomorphs.



DINOFLAGELLATE CYSTS FROM THE PALAEOGENE 293

Fig. 6. Dinoflagellate cysts from the lower cored in ter val 822–819 m. Scale bars = 25 mm. A. Thalassiphora pelagica (822.6–75 m). B.
Areosphaeridium michoudii (821.9–0 m). C, D. Glaphyrocysta microfenestrata: same spec i men var i ous foci (C – cen tral body and pro -
cess ar range ment; D – dis tal pro cess ter mi na tions show ing their microperforations). E. Operculodinium divergens (821.4–55 m). F, G.
Batiacasphaera hirsuta, same spec i men, var i ous foci (821.9–0 m). H. Homotryblium floripes (822.6–75 m). I, J. Cleistosphaeridium sp.
A sensu Gedl, 2013, same spec i men, var i ous foci (821.4–55 m).
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Fig. 7. Dinoflagellate cysts from the lower cored in ter val 822–819 m. Scale bars = 25 mm. A. Hystrichokolpoma cinctum (820.2–4 m).
B. Corrudinium incompositum (821.0–1 m). C, D. Reticulatosphaera actinocoronata, same spec i men, var i ous foci (822.6–75 m). E.
Cerebrocysta bartonensis (822.6–75 m). F, G. Cribroperidinium giuseppei, same spec i men, var i ous foci (820.2–4 m). H, I.
Cordosphaeridium min i mum, same spec i men, var i ous foci (820.2–4 m). J. Cordosphaeridium min i mum (820.2–4 m). K, L.
Achomosphaera sp., same spec i men, var i ous foci (821.4–55 m). M, N. Spiniferites ramosus, same spec i men, var i ous foci (820.2–4 m). O.
Hystrichokolpoma salacia (820.2–4 m). P. Heterosphaeridium sp. A sensu Gedl, 2013 (821.9–0 m). Q. Operculodinium centrocarpum
(821.4–55 m). R, S. Hystrichosphaeropsis rectangularis, same spec i men, var i ous foci (821.0–1 m). T. Operculodinium microtriainum
(821.4–55 m). U. Cordosphaeridium gracile (822.6–75 m). V. Glaphyrocysta semitecta (820.2–4 m).
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Fig. 8. Dinoflagellate cysts from the lower cored in ter val 822–819 m. Scale bars = 25 mm. A. Deflandrea heterophlycta (821.0–1 m).
B. Deflandrea phosphoritica (821.0–1 m). C. Charlesdowniea clathrata (822.3–4 m). D–F. Phthanoperidinium? eocenicum, same spec i -
men, var i ous foci (821.0–1 m). G, H. Peridinioid sp. A, same spec i men, var i ous foci: fo cus in G shows sculp ture of periphragm cov ered
with tu ber cules, whereas fo cus in H shows three in ter ca lary adnate paraplates form ing archaeopyle (821.9–0 m). I, J. Lentinia serrata,
same spec i men, var i ous foci (821.0–1 m). K–M. Phthanoperidinium comatum, same spec i men, var i ous foci (821.4–55 m). N, O.
Phthanoperidinium comatum, same spec i men, var i ous foci (821.4–55 m). P. Dinopterygium cladoides, a com plete spec i men in a lat eral
view (820.2–4 m). Q. Heteraulacacysta leptalea (820.2–4 m). R. Heterelaucacysta cf. porosa (820.2–4 m). S. Charlesdowniea
coleothrypta (820.2–4 m).



Phytogenic de pos its (806.4–809 m)
and over ly ing sand (803–806.1 m)

Sam ples col lected from this in ter val show vari able pa-
lynofacies con tent (Fig. 9). Two basal coal sam ples (808.9–
0 m and 807.8–9 m) yielded al most ex clu sively woody par ti -
cles (Fig. 9A–C); these are large frag ments, com monly with
pre served struc tures (Fig. 9E), but at 807.8–9 m also fre-
quently dis in te grated to very small ones (Fig. 9D). At
808.9–0 m, equidimensional, dark-brown, mas sive woody
par ti cles oc cur, usu ally with out clearly vis i ble struc tures.
A dif fer ent palynofacies was noted in a higher sam ple from
coal clay (807.1–2 m; Fig. 9G). This sam ple is dom i nated by
Botryococcus (Fig. 9L) and thin-walled palynomorphs, pre -
sum ably rep re sent ing fresh wa ter al gae (Fig. 9H–K). Botry-
ococcus dom i nates also in a higher coaly clay sam ple (806.4– 
5 m), but here it oc curs as dis in te grated frag ments only (Fig.
9M); there are no other palynomorphs in this sam ple.

The over ly ing ca. 3 m-thick sand in ter val only in cludes
small amounts of or ganic par ti cles and yielded a gen er ally
uni form palynofacies. It is com posed of pre dom i nant (70–
80%) dark brown and black phytoclasts and 20–30%
sporomorphs; the lat ter are mainly bisaccate pol len grains.
Al gae other than dinoflagellates at tain 2–3% in sam ples from 
depths 803.0–2 m, 804.1–2 m, 804.6–7 m and 805.2–3 m;
they are very rare in sam ples 803.4–6 m and 806.0–1 m.
Their as sem blages con sist of well-pre served, di verse rep re -
sen ta tives of prasinophycean al gae, such as Tasmanites,
Cymatiosphaera, Leiosphaeridia, Pterospermella, and acri- 
tarchs, e.g., Cystidiopsis, Micrhystridium (note that a sim i -
lar as sem blage oc curs in top most sam ple of the lower sand
in ter val; 819.0–1 m).

Dinoflagellate cysts are pres ent ex clu sively in sam ples
at 805.3–803 m from the sand in ter val (Fig. 10); the low er -
most sam ple from the depth 806.0–1 m was bar ren. They
are rare and tax o nom i cally im pov er ished and show dif fer ent 
stages of pres er va tion. Batiacasphaera? spp. and Spinife-
rites are the most fre quent and oc cur in all sam ples from this 
in ter val; they are pale-col oured, but com monly wrin kled or
frag mented. Sim i larly pre served are less fre quent spec i -
mens of Operculodinium centrocarpum, Deflandrea ?pho-
sphoritica, Impletosphaeridium? sp., Nematosphaeropsis
sp., Homotryblium sp., Lingulodinium machaerophorum,
Apectodinium sp., and Lentinia serrata. Some spec i mens
repre sent ing Homotryblium (H. plectilum, H. tenuispino-
sum), Systematophora sp., and Dapsilidinium sp. are ev i -
dently worse pre served, be ing dark-col oured. This con trasts 
with ex cel lently pre served sin gle spec i mens of Charledo-
wniea coleothrypta, Deflandrea heterophlycta, and Homo-
tryblium floripes from sam ple 804.6–7 m; their mode of
preservation re sem bles spec i mens from the basal sand in ter -
val (822–819 m) and may in di cate ei ther re work ing of them
or con tam i na tion.

IN TER PRE TA TION

Biostratigraphy

Basal sand. Dinoflagellate cyst as sem blages from the
basal sand in ter val (822–819 m) in di cate a late Priabonian–

ear li est Rupelian age. This as sump tion is based on the
co-occurrence of Areosphaeridium diktyoplokum and Reti-
culatosphaera actinocoronata. A. diktyoplokum, long be -
lieved to have dis ap peared at the Eocene-Oligocene bound -
ary (e.g., Powell, 1992), is now con sid ered to have crossed
the bound ary and be came ex tinct dur ing the ear li est Rupe-
lian (Brinkhuis, 1994; Wil liams et al., 2004). R. actinoco-
ronata, in turn, ap peared for the first time dur ing late
Priabonian, both in Tethyan (Brinkhuis and Biffi, 1993;
Brinkhuis, 1994) and Bo real (Heilmann-Clausen and Van
Simaeys, 2005; Thom sen et al., 2012) realms. Ac cord ing to
Wil liams et al. (2004), this spe cies ap peared in mid-lat i -
tudes of the North ern Hemi sphere dur ing chron C15, cor re -
lated by Berggren et al. (1995) with the top most part of the
Porticulasphaera semiinvoluta In ter val Zone and lower part 
of the Turborotalia cunialensis/Cribrohantkenina inflata
Concur rent-Range Zone (i.e., the mid dle part of the cal car e -
ous nannoplankton NP19–20 Zone). 

More pre cise age dat ing is dif fi cult and ar bi trary, ow ing 
to the dif fer ent age-rang ing of some spe cies in dif fer ent ar -
eas. Lack of some “mid” Oligocene spe cies, such as Chiro-
pteridium ga lea and Chiropteridium lobospinosum that ap -
peared for the first time dur ing the late Rupelian (Biffi and
Manum, 1988; Powell, 1992; Brinkhuis and Biffi, 1993;
Brinkhuis, 1994; Stover et al., 1996), ex cludes this age. The 
ab sence of some other spe cies – Areoligera semicirculata
and Gerdiocysta conopeum – could in di cate an ear li est Ru-
pelian age: they ap peared for the first time in the North Sea
Ba sin in the ear li est Rupelian (e.g., Van Simaeys et al.,
2005, 2007; Œliwiñska et al., 2012). How ever, ac cord ing to
Wil liams et al. (2004), both spe cies ap peared for the first
time in the mid-lat i tudes of the North ern Hemi sphere in the
lat est Priabonian, and, thus, their ab sence may in di cate a lat -
est Priabonian age. A. semicirculata was found in Carpa-
thians in the NP21 Zone (Gedl, 2005a). Wetzeliella gochtii,
an other typ i cal Early Oligocene spe cies that is ab sent in the
£ukowa-4 bore hole, is known to oc cur in the up per most
Eocene of the Carpathians (Van Couvering et al., 1981;
Gedl, 2005a).

The ab sence of ear li est and “mid” Rupelian spe cies
shows that basal sands of the £ukowa-4 bore hole are older
than the Rupelian strata de scribed by the au thor from the
Tarnogród area, which con tain Areoligera semicirculata,
Chiropteridium ga lea, Chiropteridium lobospinosum and
Wetzeliella gochtii (Gedl, 2000).

An other, in di rect clue in fa vour of the lat est Priabonian
age of the de pos its in ques tion is a gen eral re gres sive trend
that took place dur ing the ear li est Oligocene (see Haq et al.,
1987) . These in ter pre ta tions al low the cor re la tion of sands
from the depth 819–822 m with mid and up per part of the
NP19–20 Zone.

Coal and over ly ing sand. Coal sam ples yielded no ma -
rine dinoflagellate cysts; the one from depth 807.10 m con -
tains some palynomorphs of un cer tain or i gin, pos si bly
fresh wa ter forms (Fig. 9H–K). The lack of ma rine dinofla-
gellate cysts in di cates that the age of the coal in ter val is un -
known. More over, the lack of cored ma te rial be tween the
coal and un der ly ing sand in ter vals does not al low the trac -
ing of a re la tion ship be tween these two rock se ries. How -
ever, S³odkowska (in Myœliwiec and Œmist, 2006) de scribed 

296 P. GEDL



DINOFLAGELLATE CYSTS FROM THE PALAEOGENE 297

Fig. 9. Palynofacies, phytoclasts and palynomorphs of the up per cored in ter val 809–803 m. A. black mas sive phytoclast with trans par -
ent edges (808.9–0 m). B, C. Dark brown phytoclasts with poorly pre served tis sue struc tures (808.9–0 m). D. Highly dis in te grated woody
par ti cles (807.8–9 m). E. Land plant tis sue frag ment (807.8–9 m). F. Black and dark brown at the edges, elon gated woody phytoclasts
(807.8–9 m). G. Palynofacies of sam ple from the depth of 807.1–2 m with fre quent subspherical hyalinous palynomorphs (see H–K).
H–K. Palynomorphs of un cer tain or i gin, pre sum ably the fresh wa ter dinoflagellate cysts (807.1–2 m). L. Fresh wa ter co lo nial alga
Botryococcus (807.1–2 m). M. Palynofacies of sam ple from the depth of 806.4–5 m, com posed al most en tirely of fresh wa ter alga
Botryococcus
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Fig. 10. Dinoflagellate cysts from the up per cored in ter val 809–803 m. Scale bars = 25 mm. A–D. Impletosphaeridium? sp. (A, B – same 
spec i men, var i ous foci, 803.0–2 m; C – 804.6–7 m; D – 805.2–3 m). E–N. Batiacasphaera? spp. (E–K – 803.0–2 m; L – 804.1–2 m; M –
803.4–6 m; N – 805.2–3 m). O. Apectodinium sp. (804.1–2 m). P, Q. Homotryblium? sp. (805.2–3 m). R. Homotryblium floripes (804.6–7 
m). S. Reticulatosphaera actinocoronata – spec i men with mas sive pro cesses, atyp i cal for this spe cies (803.0–2 m). T. Deflandrea
heterophlycta (804.6–7 m). U. Spiniferites ramosus (803.4–6 m). V. Impletosphaeridium sp. (805.2–3 m). W. Lentinia serrata (804.1–2
m). X. Lingulodinium machaerophorum (804.6–7 m). Y. Operculodinium centrocarpum (804.6–7 m). Z. Wetzeliella sp. (804.6–7 m).



from this in ter val pol len grains Fususpollenites fusus, Cas-
taneoideaepollis pusillus, Engelhardtioipollenites qui etus
and Platanipollis ipelensis, which ac cord ing to her may be
in ter preted as in di ca tors of an Oligocene age, al though pre -
cise point ers to this age were miss ing among the pol len
spec tra.

The pas sage to the over ly ing sand se ries (803–806.1 m) 
is sharp; thus the con tact is pre sum ably ero sional. The sands 
con tain rare dinoflagellate cysts show ing dif fer ent de grees
of pres er va tion: poorly pre served ones are pre sum ably re cy -
cled, whereas the ex cel lently pre served sin gle spec i mens of
Charlesdowniea coleothrypta, Deflandrea heterophlycta
and Homotryblium floripes most likely are con tam i na tion,
de rived from Eocene sand be low. Forms, which can be trea- 
ted as in situ (Spiniferites ramosus, Operculodinium centro- 
carpum, Batiacasphaera? spp., Impletosphaeridium sp.),
are rather non-di ag nos tic with re gard to age.

The sand, as well as the un der ly ing coal, could be Up -
per Eocene, Oligocene, or Lower Mio cene. An Eocene age
might be in di cated by the pres ence of a sin gle spec i men of
Lentinia serrata in the sam ple from 804.1–2 m, but on
account of its scar city it is pre sum ably to be re cy cled. There
is no ev i dence of an Oligocene age, as was seen in the neigh -
bour ing bore holes in the vi cin ity of Tarnogród (Gedl, 2000).
There are nei ther typ i cal Mid dle Mio cene spe cies, known
from over ly ing Baranów beds (e.g., Unipontidinium aquaea-
ductum; Gedl, 1999a), nor Early Mio cene spe cies, such as
Tuberculodinium vancampoe, known from the phytogenic
Lower Mio cene de pos its of west ern Carpathian Foredeep
(Gedl, unpubl.). Some in di ca tions of a Mio cene age of the
sand could be rare spec i mens of Nematosphaeropsis, a ge nus 
com monly oc cur ring in the Mid dle Mio cene of the Carpa-
thian Foredeep (e.g., Gedl, 1996, 1999a, 2005b), but known
also from Palaeogene strata (e.g., Gedl, 2004b).

Palaeoenvironment

Basal sand. The pres ence of ma rine dinoflagellate
cysts in the basal sand in ter val (819–822 m) in di cates a ma -
rine en vi ron ment (Fig. 11). The lack of off shore spe cies,
such as Impagidinium and Nematosphaeropsis (see e.g.,
Brinkhuis, 1994), in di cates that these sands ac cu mu lated in
a rel a tively prox i mal sed i men tary set ting; more over, pres -
ence of com mon Homotryblium spec i mens, a ge nus be -
lieved to have in hab ited la goonal wa ters with in creased sa -
lin ity (e.g., Köthe, 1990; Brinkhuis, 1994; Stover et al.,
1996; Sluijs et al., 2005), con firms this in ter pre ta tion. Mod -
er ate tax o nomic di ver sity (the Shan non-Weaver value os cil -
lates be tween 11 and 17, ex cep tional 20; Fig. 11) and the
lack of any spe cies fre quency ex cur sion points to a nor mal
ma rine en vi ron ment. A rel a tively low pro por tion of peri-
dinioids, rep re sented by Deflandrea (their high ra tios re flect 
in shore, com monly brack ish con di tions; e.g., Köthe, 1990;
Stover et al., 1996; Sluijs et al., 2005), shows sta ble sa lin ity
con di tions of sea wa ter. The high est di ver sity of dinofla-
gellate cyst as sem blages is re corded at a depth of 821.9–0 m 
(the Shan non-Weaver value equals 20; Fig. 11). This may
be in ter preted as re flect ing the most fa vour able con di tions
for the dinoflagellate flora, pos si bly re lated to max i mal dee- 
pening of a gen er ally shal low ma rine ba sin.

The sta ble ma rine con di tions must have changed rap -
idly dur ing ac cu mu la tion of the top most part of the sand in -
ter val: the sam ple from 819.0–1 m yielded prasinophycean
al gae and acritarchs only. The palaeoenvironmental fac tors
re spon si ble for the de cline of dinoflagellate cysts are un cer -
tain. No in di ca tions of sig nif i cant shallowing are ev i denced
by lithological changes. The palaeoenvironmental pref er -
ences of fos sil prasinophycean al gae are barely known: their 
ex tant rep re sen ta tives are mainly ma rine plank ton, oc cur -
ring in both oce anic and coastal wa ters (e.g., Guy-Ohlson,
1996); they are also known from brack ish and fresh wa ter
set tings (Tappan, 1980). Fos sil prasinophycean al gae are
de scribed from sim i lar, cos mo pol i tan en vi ron ments (Guy-
Ohlson, 1996). Prauss and Riegel (1989) sug gested that
their dis tri bu tion was con trolled by cli mate and sa lin ity, in
that low tem per a tures and re duced sa lin ity fa voured this
group. A fresh wa ter in flux, which seems to be the most re li -
able ex pla na tion of the phytoplankton changes, may be sup -
ported by the oc cur rence of fresh wa ter Botryococcus in the
top most sam ple (819.0–1 m). How ever, this alga is very
rare; only a few spec i mens have been found. On the other
hand, Leiosphaeridia, one of the re corded prasinophy-
ceans, is also known from hypersaline palaeoenvironments 
(e.g., Brugman et al., 1994); it was de scribed from the
evaporite de pos its and over ly ing strata of the Carpathian
Foredeep (e.g., Gedl 1997, 1999a, 2004a; Gedl in Peryt et
al., 1997).

The prasinophycean al gae and acritarch as sem blage
from the top most sam ple (819.0–1 m) is very sim i lar to the
as sem blages from the un der ly ing sam ples, where Tasma-
nites, Cymatiosphaera, Leiosphaeridia, Pterospermella and 
acritarchs co-oc cur with ma rine dinoflagellate cysts. This
points to their broad palaeoenvironmental pref er ences, ran-
ging from ma rine (sam ples with dinoflagellate cysts) to re -
stricted (sam ple 819.0–1 m) en vi ron ments.

Sim i lar prasinophycean al gae and acritarch as sem -
blages oc cur in the Eocene strata of the So³okija Graben
suc ces sion at Roztocze, SE Po land (Gedl, 2014). They oc -
cur in the en tire Bartonian–Lower Priabonian suc ces sion to -
gether with dinoflagellate cysts, but they are most fre quent
in the Lower Priabonian part, where their pro por tion rea-
ches 10–30%. Dinoflagellate cysts from the same sam ples
show an ex cur sion of Homotryblium fre quency (this ge nus
is widely as so ci ated with prox i mal set tings, com monly with 
in creased sa lin ity; e.g., Sluijs et al., 2005) in ter preted as an
in di ca tion of ba sin shallowing (Gedl, 2014). The higher de -
pos its of the So³okija Graben suc ces sion, how ever, yielded
a Deflandrea-dom i nated as sem blage de void of prasinophy-
cean al gae, which is in ter preted as ev i dence of brack ish
conditions (Gedl, 2014). Such a dis tri bu tion of prasinophy-
ceans in the So³okija suc ces sion may in di cate that these al -
gae are as so ci ated with wa ters of in creased sa lin ity, rather
than with a brack ish en vi ron ment, but prasinophyceaen al -
gae oc cur in the Eocene strata of NW Ukraine, to gether with 
low-sa lin ity dinoflagellate cyst as sem blages (Gedl and
Shevchenko, 2010a, b). This in di cates they had brack ish pa- 
laeoenvironmental pref er ences. Pos si bly, this broad group
of al gae may be euryhaline and tol er ant for re gimes of both
in creased and de creased sa lin ity, pro lif er at ing in such re -
stricted en vi ron ments.
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Fre quent prasinophycean al gae and acritarchs are also
known from the Oligocene epicontinental de pos its of east -
ern Po land and west ern Ukraine (Gedl and Shevchenko,
2007). They are as so ci ated there with peridinioid-do mina-
ted (mainly Wetzelielloideae) dinoflagellate cyst assembla-
ges, re flect ing low-sa lin ity con di tions. This shows that
blooms of prasinophycean al gae in the Late Eocene and Ru- 
pelian of the epicontinental sea were com mon phe nom ena
and they oc curred at an in ter re gional scale (see also An dre-
eva-Grigorovich et al., 2011). In ter est ingly, the Up per
Eocene strata of the Flysch Carpathians con tain no blooms
of prasinophycean al gae (Gedl, 1999b, 2004b, 2005a), in di -
cat ing a pos si ble sep a ra tion of these two bas ins dur ing the
Late Eocene. The co eval strata of the Skole Nappe (the Po-
piele Beds) con tain only Tasmanites (Gedl, 2013).

Coal and over ly ing sand. Two coal sam ples (807.1–2 m
and 806.4–5 m) yielded very fre quent Botryococcus (Fig. 11).
Re cent rep re sen ta tives of these co lo nial chlorococcalean al gae
ap pear in tem per ate and trop i cal re gions, where they are
found in the fresh wa ter of shal low bogs, ponds and small
lakes (Bat ten and Grenfell, 1996), com monly with oligo-
trophic wa ter (Wake and Hillen, 1980); Botryococcus col o -

nies are known also from lakes with wa ters of in creased sa -
lin ity (e.g., De Deckker, 1988). They com monly form a
thick scum on the sur face of the wa ter, which af ter de cay
may be come a com po nent of tor ban ite (also known as bog-
head coal); Botryococcus is also known as an im por tant
com po nent of some or ganic-rich shales (Largeau et al.,
1984; De Deckker, 1988; Bat ten and Grenfell, 1996).
Hence, the mass oc cur rence of Botryococcus in these two
sam ples points to a fresh wa ter en vi ron ment of the coal in -
ter val, prob a bly shal low lakes or bogs with pe ri odic blooms
of Botryococcus. Two other sam ples from this in ter val
(808.9–0 m and 807.8–9 m) con tain large amounts of
woody de bris, com monly of large size; these lev els were
pre sum ably ac cu mu lated in bogs, whereas the Botryococcus
lev els were ac cu mu lated in lakes.

The sands that over lie the coals were de pos ited dur ing a 
ma rine trans gres sion that cov ered the bogs. Al though the
basal sam ple 806.0–1 m was de pos ited in a con ti nen tal en -
vi ron ment (it yielded sporomorphs and lacks ma rine paly-
nomorphs), but the ap pear ance of ma rine el e ments in higher 
sam ples re flects a ma rine en vi ron ment. The dnoflagellate
cyst as sem blage is highly im pov er ished: it con sists mainly
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Fig. 11. Palaeoenvironmental re con struc tions. Ages of over ly ing and un der ly ing strata af ter Myœliwiec and Œmist (2006) and au thor’s
un pub lished data.



of Batiacasphaera? and Spiniferites; Operculodinium cen-
trocarpum and Lingulodinium machaerophorum oc cur at
depth 804.6–7 m (other taxa are pre sum ably re worked or
contaminated; see Biostratigraphy). The in situ dinoflage-
llate cyst as sem blage may be re lated to re stricted con di -
tions, pre sum ably as so ci ated with shal low wa ter. Batiaca-
sphaera (mainly B. sphaerica) oc curs in shal low-wa ter en -
vi ron ments of Mio cene strata of the Carpathian Foredeep
(Gedl, 1996, 1997, 1999a). The deep est con di tions are pre -
sum ably re corded in a sam ple from 804.6.7 m, which, in ad -
di tion to be ing the most di ver si fied as sem blage, yielded sin -
gle, poorly pre served spec i mens of Nematosphaeropsis sp.
and ques tion able Impagidinium sp. Their pres ence, if not
re worked/con tam i nated, may also point to a con nec tion
with a more off shore ba sin, since both gen era are com monly 
linked with off shore wa ters (e.g., Brinkhuis, 1994; Sluijs et
al., 2005).

Re marks on Late Eocene palaeo ge ogra phy
and post-Eocene tec ton ics of SE Po land

A pre cise palaeogeographic re con struc tion of the Late
Eocene epicontinental ba sin in SE Po land is highly lim ited,
ow ing to the scar city of well dated de pos its of this age. For a 
long time, this area was be lieved to have been a land mass
dur ing the Eocene and Oligocene – the Meta-Carpathian
Swell that sep a rated Carpathian bas ins from the Pol ish epi-
con ti nen tal ba sin. The Up per Eocene strata from the £u-
kowa-4 bore hole are so far the only ev i dence of a Late Eo-
cene ma rine trans gres sion in the area of the pres ent-day
Carpathian Foredeep. The clos est Eocene strata are known
from Roztocze, where a 40 m-thick suc ces sion of ma rine
Bartonian–Priabonian de pos its oc curs in the So³okija Gra-
ben (e.g., Buraczyñski and Krzowski, 1994; GaŸdzicka,
1994). How ever, ac cord ing to Gedl (2014), the youn gest
part of the So³okija pro file rep re sents the lower Priabonian,
i.e., it is slightly older than the suc ces sion from the £u-
kowa-4 bore hole. The transgressive na ture of the lat ter may
in di cate that it rep re sents a fol low ing transgressive pulse,
which was ei ther not re corded at Roztocze, or the ev i dence
for it was eroded there. Fur ther north, Up per Eocene is
known from the north ern sur round ings of the Lublin Up -
land and dated for Bartonian–lower Priabonian – NP16–
NP18 (e.g., Po¿aryska and Locker, 1971; Po¿aryska, 1977;
Uberna and Odrzywolska-Bieñkowa, 1977; Kosmowska-
Ceranowicz and Po¿aryska, 1984; Kosmowska-Ceranowicz 
et al., 1990; for dis cus sion see Gedl, 2014).

The pres ence of ma rine Up per Eocene strata in the
£ukowa-4 bore hole shows that at least the west ern part of
the pres ent-day Carpathian Foredeep was flooded by the sea 
dur ing the Late Eocene. The sea ex tended also to the
Roztocze area (So³okija Graben), which shows that both
tec tonic struc tures were not de fined by then, and that their
for ma tion took place in post-Eocene time. The Mid dle Mio -
cene de pos its of Roztocze and the Foredeep ba sin show
strongly dif fer ent lithological de vel op ment, re flect ing an
up lifted po si tion of Roztocze rel a tive to the Foredeep (e.g.,
Ney et al., 1974; Wysocka, 2002). The ma rine Lower Oli-
gocene strata known from the pres ent-day Carpathian Fore-

deep (Gedl, 2000) have no equiv a lent at Roztocze. This
may in di cate that some tec tonic move ment re spon si ble for
the up lift ing of Roztocze be gan in the late Early Oligocene,
whereas the Carpathian Foredeep re mained low ered and
cov ered by the ingression of the sea.

Moryc (1995) dis tin guished strata in the Rzeszów–
Sêdziszów Ma³opolski area, which ac cord ing to him rep re -
sent ter res trial Palaeogene de pos its. They lie upon a Me so -
zoic, Palaeozoic and Pre cam brian sub stra tum and are cov -
ered by Mid dle Mio cene fine clastic de pos its. The lower
unit, the Rac³awówka Con glom er ate For ma tion, con tains
no fos sils, so its age was de ter mined only as older than Ba-
denian (Mid dle Mio cene; Moryc, 1995). Above it, the Czu-
dec For ma tion (not to be con fused with the Czudec Clay
sensu Rajchel, 1990) oc curs. Ac cord ing to Moryc (1995)
this in for mal lithostratigraphic unit con sists of loamy-sandy 
de pos its with var i ous ra tios of mudstone and sand stone, al -
though the for mer pre dom i nate. Fre quent coalified plant re -
mains and coal lenses oc cur there. Al though no ma rine
micro fauna has been found, a sin gle layer with tiny gas tro -
pods was re ported (Moryc, 1995). These fea tures, sup -
ported by fre quent macrofloral re mains (A. Kotasowa in
Moryc, 1995) and sporomorph as sem blages (H. Kmiecik
and L. Stuchlik in Moryc, 1995) led Moryc (1995) to the
con clu sion that this unit rep re sents ter res trial de pos its ac cu -
mu lated in marshy-lac us trine en vi ron ment. The age of the
Czudec For ma tion has not been pre cisely de ter mined: re -
sults of palynological and macrofloristic anal y sis gave a
wide age-range. Kotasowa (in Moryc, 1995) gave a Late
Cre ta ceous–Re cent range for the plants de ter mined,
whereas Kmiecik and Stuchlik (in Moryc, 1995) in ter preted 
the age of the sporomorph as sem blages as “Ter tiary”, but
both au thors high lighted some sim i lar i ties with Paleocene
spec tra (Moryc, 1995). Moryc (1995) con cluded a prob a ble
Palaeogene age of the Czudec For ma tion, al though an Early 
Mio cene age was not ex cluded. He re jected, how ever, the
in ter pre ta tion of Po³towicz (1994) who opted for an Early
Badenian age of this unit. In the opin ion of Po³towicz, this
unit re mains in sedimentological con tact with over ly ing
Middle Badenian ma rine strata, whereas Moryc (1995) de-
monstrated an an gu lar non con for mity be tween the Czudec
For ma tion and the over ly ing ma rine Badenian strata. Poorly 
pre served dinoflagellate cysts found in the Czudec For ma -
tion of the Nosówka-9 bore hole (P. Gedl in Moryc, 1995)
may, if not re worked, in di cate a late Priabonian age on the
ba sis of the co-oc cur rence of Areosphaeridium diktyoplo-
kum and Reticulatosphaera sp. (pre sum ably R. actinocoro-
nata); this would al low their cor re la tion with the Late
Priabonian as sem blage from the basal sand of the £ukowa-4 
bore hole. How ever, if they are re worked, this would point
to a post-Eocene age, i.e., Oligocene or Early Mio cene ac -
cu mu la tion of the Czudec For ma tion. A sim i lar, un cer tain
age is sug gested for the coal and over ly ing sands in the £u-
kowa-4 bore hole in this pa per – ac cord ing to S³odkowska
(in Myœliwiec and Œmist, 2006), these coaly lay ers con tain
pre sum ably Oligocene sporomorphs. Their lithological sim -
i lar i ties (sandy and phytogenic de pos its) and marshy-lac us -
trine or i gin in di cate their cor re la tion with the con ti nen tal
Czudec For ma tion. If this in ter pre ta tion is ac cepted, the fol -
low ing sce nario can be sug gested.
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Dur ing the late Priabonian, a ma rine trans gres sion cov -
ered the west ern part of the pres ent-day Carpathian Fore-
deep; it was prob a bly ge net i cally linked with the early Pria-
bonian sea, known from Roztocze (Gedl, 2014). The ma rine
ba sin of the Foredeep was pre sum ably sep a rated from the
Skole Ba sin by a land bar rier. In the Carpathian bas ins, the
de po si tion of hemipelagic Globigerina Marls took place then.

Dur ing the late Rupelian, an other trans gres sion cov ered 
the west ern part of the Carpathian Foredeep (Gedl, 2000);
the lack of co eval de pos its at Roztocze in di cates that the lat -
ter area was al ready up lifted rel a tive to the Foredeep area;
the mag ni tude of the hy po thet i cal up lift was pre sum ably
small in scale. It can not be ex cluded, how ever, that Rupe-
lian de pos its were com pletely re moved from Roztocze dur -
ing the sub se quent up lift and ex ten sive pre-Badenian ero -
sion. Then, in the Carpathian bas ins, a pe riod of stag nant ac -
cu mu la tion of or ganic Menilite fa cies took place.

Dur ing Chattian–Early Mio cene, a ma jor phase of tec -
tonic ac tiv ity in the Carpathian Foredeep in Po land led to
the for ma tion of high re lief, as so ci ated with the up lift of the
Meta-Carpathian Swell. In creased ero sion of the pre-Pala-
eo gene sub stra tum cut sev eral val leys, ap prox i mately per -
pen dic u lar to the mar gin of Carpathian bas ins, through
which eroded ma te rial was trans ported from north to the
south. In the vi cin ity of Rzeszów, the Rac³awówka Con -
glom er ate For ma tion filled the val leys (Moryc, 1995). Af ter 
the ces sa tion of the main ero sive phase, the intramontane
de pres sions were places of ac cu mu la tion of fine-grained
and phytogenetic in marshy-lac us trine en vi ron ments (the
Czudec For ma tion, and the coals and over ly ing sands from
the £ukowa-4 bore hole). The Chattian–Early Mio cene ero -
sive phase cor re lates with an in tense sup ply of clastic ma te -
rial into the Carpathian bas ins from their north ern sur round -
ings to give the Krosno Beds fa cies.

Con glom er atic de pos its, oc cur ring at the base of of
Miocene suc ces sion of the Carpathian Foredeep, com monly 
form the fill ings of ero sional val leys. Such de pos its are
known also from the cen tral (Po³towicz, 1994) and the west -
ern (Œl¹czka, 1977; Moryc, 1989; Po³towicz, 1995) sec tors
of the Pol ish part of the Carpathian Foredeep. They were
de scribed as var i ous in for mal lithostratigraphic units (e.g.,
the Zawoja For ma tion, the Andrychów For ma tion). Their
age is dis put able, mainly ow ing to the scar city of fos sils,
and ranges from Eocene–Oligocene to Lower Mio cene
(e.g., Moryc, 1989; Oszczypko et al., 2000; Oszczypko and
Oszczypko-Clowes, 2003; see also Jarosiñski et al., 2009
and dis cus sion: Krzywiec, 2010 and Jarosiñski et al., 2010).

CON CLU SIONS

1. The £ukowa-4 bore hole pen e trated a suc ces sion of
sand and phytogenic de pos its al most 20 m thick at a depth
of 822.75–803.0 m be tween the Mid dle Ju ras sic and al most
800 m of Mio cene de pos its in the Carpathian Foredeep.

2. The sand from the lower part of the 20 m-thick suc -
ces sion yielded rich as sem blages of ma rine dinoflagellate
cysts; the phytogenic de pos its con tain ter res trial plant re -
mains and fresh wa ter al gae; the over ly ing sand yielded ter -
res trial palynomorphs and palynodebris with rare dinoflage- 
llate cysts.

3. The age of dinoflagellate cyst as sem blages from the
basal sand is Late Eocene (late Priabonian). The phytogenic
de pos its re mains un dated, whereas the sand above can be ei -
ther Palaeogene or Neo gene.

4. The ma rine as sem blages in the basal sand show that
this part of the Carpathian fore land was flooded by a sea
dur ing the lat est Eocene. Sub se quently, this area emerged
and was cov ered by swampy-lac us trine en vi ron ments. The
over ly ing sand ac cu mu lated in a prox i mal ma rine en vi ron -
ment.

5. The ma rine trans gres sions that gave rise to the de pos -
its stud ied show that at least this part of the so-called Meta-
Carpathian Swell had not emerged dur ing lat est Eocene.
How ever, more pre cise orographic re con struc tion of this
part of Carpathian fore land is not pos si ble, ow ing to the
scar city of well dated de pos its. The ma rine suc ces sion in the 
£ukowa-4 bore hole could be part of widely dis trib uted ma -
rine de pos its, re moved later by ero sion, but could also be
the trace of an intermontane bay, con nected to a ma rine ba -
sin in the east and/or south-east.

SE LECTED TAX ON OMY

In this chap ter spe cies left in open no men cla ture are
briefly de scribed; they are pre sented in al pha betic or der.

Or der GONYAULACALES Tay lor, 1980

Ge nus Cordosphaeridium Eisenack, 1963

Type spe cies: Cordosphaeridium inodes (Klumpp, 1953) Eise-
nack, 1963.

Cordosphaeridium cf. min i mum (Morgenroth, 1966)
Benedek, 1972

Fig. 12G–I

Ma te rial: Rare spec i mens in sam ples from the in ter val 821.9–
820.0 m (Tab. 1).

De scrip tion: Subspherical cen tral body bears short
proces ses, up to   of the cen tral body di am e ter, hol low, dis -
tally open. Pro cesses are con nected by septa of height al -
most equal to pro cess height. Archaeopyle type barely dis -
cern ible, most likely api cal.
Re marks: This spe cies re sem bles Cordosphaeridium min i mum
from the £ukowa-4 bore hole (Fig. 7H-J) in the gen eral shape of
the cyst and na ture of pro cesses; it has a slightly larger cen tral
body in re la tion to pro cess length. It dif fers in high ridges con nect -
ing pro cesses; the lat ter fea ture makes it sim i lar to the Neo gene
spe cies Labyrinthodinium truncatum (for its strati graphic range
see e.g., Stover et al., 1996). Some spec i mens of C. min i mum from 
the £ukowa-4 bore hole also have ridges con nect ing pro cesses, but
these are very low, prox i mal ridges con nect ing pro cess bases only
(Fig. 7H), and not al most the whole pro cesses, as in C. cf. min i -
mum. 

Cordosphaeridium? sp.
Fig. 12P–R

Ma te rial: Sin gle spec i mens in sam ples at: 822.3–4 m, 821.9–0 m
and 820.9–0 m.

302 P. GEDL



DINOFLAGELLATE CYSTS FROM THE PALAEOGENE 303

Fig. 12. Dinoflagellate cysts from the Eocene of £ukowa-4 bore hole left in open no men cla ture. Scale bars = 25 mm. A–C. Opercu-
lodinium? sp. (same spec i men var i ous foci; 821.9–0 m). D–F. Distatodinium cf. craterum (same spec i men var i ous foci; 821.9–0 m). G–I.
Cordosphaeridium cf. min i mum (same spec i men var i ous foci; 821.9–0 m). J–L. Reticulatosphaera? sp. A (same spec i men var i ous foci;
821.9–0 m). M–O. Reticulatosphaera? sp. B (same spec i men var i ous foci; 820.9–0 m). P–R. Cordosphaeridium? sp. (same spec i men var -
i ous foci; 820.9–0 m). S–U. Hystrichokolpoma? sp. (same spec i men var i ous foci; 820.2–4 m). V–X. Operculodinium janduchenei? (same
spec i men var i ous foci; 819.9–0 m). Y. Spiniferites cf. pseudofurcatus (821.0–1 m). Z–Z2. Rottnestia? sp. (same spec i men var i ous foci;
820.2–4 m).



De scrip tion: Very small, be low 20 mm, subspherical cyst with
nu mer ous pro cesses, which are hol low, dis tally open with slightly
ex panded mar gins. Archaeopyle precingular 1P. Pro cesses seem
to be prox i mally con nected by low, del i cate and poorly de vel oped
ridges. 

Ge nus Distatodinium Eaton, 1976

Type spe cies: Distatodinium craterum Eaton, 1976.

Distatodinium cf. craterum Eaton, 1976
Fig. 12D–F

Ma te rial: A sin gle spec i men in a sam ple from 821.9–0 m.
De scrip tion: A spe cies of Distatodinium with intratabular pro -
cesses in precingular and postcingular se ries; pro cesses tu bu lar,
hol low, dis tally slightly ex panded with smooth mar gins.
Re marks: This spe cies closely re sem bles D. craterum and D.
paradoxum in gen eral cyst shape and pro cess ar range ment. It dif -
fers in the shape of pro cesses, which in D. craterum are broader
and ter mi nated into long, branch ing spines (see Eaton, 1976). It
dif fers from D. paradoxum in its lack of dis tal com plex branch ing
of the pro cesses.

Ge nus Heteraulacacysta Drugg et Loeblich Jr., 1967

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

Heteraulacacysta cf. porosa Bujak in Bujak et al., 1980
Fig. 8R

Ma te rial: Rare to com mon in sam ples from the basal sand suc ces -
sion, ex cept for a sam ple from 821.4–55 m.
De scrip tion: A spe cies of Heteraulacacysta char ac ter ized by reg -
u lar per fo ra tions of the cen tral body ex cept for paracingular crest.
Re marks: This spe cies closely re sem bles H. porosa, from which
it dif fers in the lack of per fo ra tions on the paracingular crest (see
Bujak in Bujak et al., 1980).

Ge nus Homotryblium Davey et Wil liams, 1966

Type spe cies: Homotryblium tenuispinosum Davey et Wil liams,
1966.

Homotryblium? sp.
Fig. 10P, Q

Ma te rial: Two spec i mens in a sam ple from 805.2–3 m and a sin -
gle spec i men in a sam ple from 803.0–2 m.
De scrip tion: Cysts pre served as iso lated hypocysts only; intrata-
bular pro cesses seem to be solid in prox i mal and mid dle parts, be -
come secate in dis tal parts.
Re marks: This spe cies re sem bles Homotryblium plectilum in the
secate ter mi na tions of intratabular pro cesses. In this spe cies, how -
ever, pro cesses are stri ate and hol low. 

Ge nus Hystrichokolpoma Klumpp, 1953

Type spe cies: Hystrichokolpoma cinctum Klumpp, 1953.

Hystrichokolpoma? sp.
Fig. 12S–U

Ma te rial: Rare spec i mens oc cur in sam ples from the fol low ing

depths: 822.6–75 m, 821.0–1 m, 820.9–0 m, 820.2–4 m, and
819.5–7 m.
De scrip tion: Large chorate cyst with subspherical endocyst and
pericyst form ing large pro cesses with broad bases, hol low; some
pro cesses are dis tally closed, the smaller ones seem to be open.
Periphragm with ir reg u lar per fo ra tions, cov ered with short solid
and hol low, dis tally branched spines. Archaeopyle precingular 1P.

Ge nus Operculodinium Wall, 1967

Type spe cies: Operculodinium centrocarpum (Deflandre et Cook-
son, 1955) Wall, 1967.

Operculodinium janduchenei? Head et al., 1989
Fig. 12V–X

Ma te rial: Rare spec i mens in three sam ples from fol low ing
depths: 821.0–1 m, 819.9–0 m, and 819.5–7 m.
De scrip tion: Small subspherical cyst with smooth wall, bear ing
nu mer ous nontabular, very short, tubi form, hol low, dis tally open
pro cesses. Archaeopyle precingular 1P.
Re marks: This spe cies re sem bles the Late Neo gene spe cies O.
janduchenei (for strati graphic range see Head et al., 1989;
McMinn, 1992). It dif fers slightly in the tubi form shape of the pro -
cesses, which in O. janduchenei are more con i cal.

Operculodinium? sp.
Fig. 12A–C

Ma te rial: A sin gle spec i men in a sam ple from 821.9–0 m.
De scrip tion: Subspherical cyst with fi brous endophragm and
solid, rel a tively short pro cesses of two types: acuminate and bran-
ched. Archaeopyle type un cer tain, pre sum ably precingular.
Re marks: This sin gle spec i men was ques tion ably as signed to the
ge nus Operculodinium, al though the bi modal shape of pro cesses is 
not typ i cal for this ge nus.

Ge nus Reticulatosphaera Matsuoka, 1983

Type spe cies: Reticulatosphaera stellata Matsuoka, 1983.

Reticulatosphaera? sp. A
Fig. 12J–L

Ma te rial: Rare spec i mens in most of the sam ples from the basal
sand in ter val (see Tab. 1).
De scrip tion: Small subspherical cyst with intratabular pro cesses
of length equal to  -2/3 of the cen tral body di am e ter. Pro cesses hol -
low with lon gi tu di nal ribs, broad at base, nar row ing up wards, dis -
tally ex panded. Their dis tal mar gins with long, mul ti ple branch ing
spines. Archaeopyle type un cer tain, most likely precingular.
Re marks: This spe cies is sim i lar in gen eral shape and main or na -
men ta tion fea tures (par tic u larly lon gi tu di nal ribs on pro cesses) to
Cordosphaeridium sp. A, de scribed by the au thor from the Eocene
strata of the Skole Nappe, Flysch Carpathians (Gedl, 2013, p. 80,
fig. 28A–E). The spe cies from £ukowa-4 dif fers in lon ger pro -
cesses, which in con trast to Cordosphaeridium sp. A ter mi nate
with a del i cate branch ing sys tem; it also lacks the net-like struc -
ture, ob served on the cen tral bod ies of the Carpathian spe cies. The
branch ing spines at the end of pro cesses are iden ti cal to the ones
ob served in Reticulatosphaera actinocoronata. The lat ter fea ture
al lowed ques tion able as sign ment to the ge nus Reticulatosphaera,
al though hol low pro cesses with lon gi tu di nal ribs are rather atyp i -
cal for this ge nus (see Bujak and Matsuoka, 1986).
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Reticulatosphaera? sp. B
Fig. 12M–O

Ma te rial: Sin gle spec i mens in sam ples from fol low ing depths:
822.6–75 m, 822.3–4 m, 820.9–0 m, and 819.9–0 m (Tab. 1).
De scrip tion: Small subspherical cyst with smooth wall and solid,
intratabular thin pro cesses dis tally bi fur cate with fur ther bi fur ca -
tion at tips. Archaeopyle type un cer tain, most likely paracingular.
Re marks: This spe cies was ques tion ably as signed to the ge nus
Reticulatosphaera, ow ing to the shape of pro cesses, which are
solid and branched; how ever, these branches are sim ple com pared
to the anastomosing ones in R. actinocoronata.   

Ge nus Rottnestia Cookson and Eisenack, 1961

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

Rottnestia? sp.
Fig. 12Z–Z2

Ma te rial: A sin gle spec i men in a sam ple from 820.2–4 m.
De scrip tion: Elon gated cyst with el lip soi dal endocyst and an
antapical pericoel; no api cal pericoel nor horn pres ent. Peri-
phraghm smooth. Pro cesses pre sum ably intergonal, hol low, thick,
dis tally ex panded with trifurcate mar gin. Archaeopyle not vis i ble.
Re marks: Elon gated cyst shape and pro cess ar range ment re sem -
ble the ge nus Rottnestia, but the lat ter pos sesses an api cal horn that 
is miss ing in the spec i men de scribed.

Ge nus Spiniferites Mantell 1850

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

Spiniferites cf. pseudofurcatus (Klumpp, 1953) Sarjeant,
1970

Fig. 12Y

Ma te rial: Sin gle spec i mens in sam ples from the fol low ing depths: 
821.9–0 m, 821.4–55 m, and 821.0–1 m.
Re marks: This spe cies closely re sem bles S. pseudofurcatus; a
char ac ter is tic fea ture dis tin guish ing the spec i mens is a verrucate
or na men ta tion of the endocyst. Most of other spec i mens from the
£ukowa-4 bore hole at trib uted to S. pseudofurcatus have psilate to
gran u late uni form or na men ta tion, with out high re lief, as in the
case of S. cf. pseudofurcatus.

Or der PERIDINIALES Haeckel, 1894

Peridinioid sp. A
Fig. 8G, H

Ma te rial: Fre quent in the basal sand in ter val (822.75–819.5 m).
De scrip tion: A circumcavate, com pressed peridinioid cyst with
one api cal and two antapical horns of al most equal length. Api cal
pericoel clearly larger than the antapical one. Paracingulum well
de vel oped as broad de pres sion, lim ited by small ridges with tiny
denticles; parasulcus less prom i nent, vis i ble as small de pres sion
(Fig. 8G). Endophragm thin and smooth, periphragm thin and cov -
ered by densely and uni formly dis trib uted cir cu lar granulae. Ar-
chaeopyle in ter ca lary, three paraplates in volved, all re main at -
tached along their mar gins with precingular se ries (Fig. 8H).
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Ap pen dix
An al pha betic list ing of dinoflagellate cyst taxa found in
the £ukowa-4 bore hole (fresh wa ter, un de ter mined forms
are not in cluded); full tax o nomic ci ta tions are given in

Fensome et al. (2008)

Achilleodinium biformoides (Eisenack, 1954) Eaton, 1976
Achomosphaera sp. (Fig. 7K, L)
Adnatosphaeridium multispinosum Wil liams et Downie, 1966
Apectodinium sp. (Fig. 10O)
Apteodinium sp.
Araneosphaera araneosa Eaton, 1976
Areosphaeridium diktyoplokum (Klumpp, 1953) Eaton, 1971
Areosphaeridium michoudii Bujak, 1994 (Fig. 6B)
Batiacasphaera hirsuta Stover, 1977 (Fig. 6F, G)
Batiacasphaera micropalillata Stover, 1977
Batiacasphaera? spp. (Fig. 10E–N)
Cerebrocysta bartonensis Bujak in Bujak et al., 1980 (Fig. 7E)

DINOFLAGELLATE CYSTS FROM THE PALAEOGENE 307



Charlesdowniea clathrata (Eisenack, 1938) Lentin et
Vozzhennikova, 1989 (Fig. 8C)
Charlesdowniea coloethrypta (Wil liams et Downie, 1966) Lentin 
et Vozzhennikova, 1989 (Fig. 8S)
Circulodinium sp.
Cleistosphaeridium placacanthum (Deflandre et Cookson, 1955)
Eaton et al., 2001
Cleistosphaeridium sp. A sensu Gedl, 2013 (Fig. 6I, J)
Cordosphaeridium cantharellus (Brosius, 1963) Gocht, 1969
Cordosphaeridium cf. min i mum (Morgenroth, 1966) Benedek,
1972 (Fig. 11G–I)
Cordosphaeridium gracile (Eisenack, 1954) Davey et Wil liams,
1966 (Fig. 7U)
Cordosphaeridium inodes (Klumpp, 1953) Eisenack, 1963
Cordosphaeridium min i mum (Morgenroth, 1966) Benedek, 1972
(Fig. 7H–J)
Cordosphaeridium sp. A sensu Gedl, 2013
Cordosphaeridium? sp. (Fig. 11P–R)
Corrudinium incompositum (Drugg, 1970) Stover et Evitt, 1978
(Fig. 7B)
Cribroperidinium giuseppei (Morgenroth, 1966) Helenes, 1984
(Fig. 7F, G)
Cribroperidinium tenuitabulatum (Gerlach, 1961) Helenes, 1984
Dapsilidinium pseudocolligerum (Stover, 1977) Bujak et al., 1980
Dapsilidnium sp.
Deflandrea heterophlycta Deflandre et Cookson, 1955 (Figs 8A,
10T)
Deflandrea phosphoritica Eisenack, 1938 (Fig. 8B)
Dinopterygium cladoides Deflandre, 1935 (Fig. 8P)
Diphyes colligerum (Deflandre et Cookson, 1955) Cookson, 1965
Distatodinium ?craterum Eaton, 1976
Distatodinium cf. craterum Eaton, 1976 (Fig. 11D–F)
Distatodinium ellipticum (Cookson, 1965) Eaton, 1976
Distatodinium virgatum Stover, 1977
Elytrocysta? sp.
Enneadocysta arcuata (Eaton, 1971) Stover et Wil liams, 1995
Enneadocysta pectiniformis (Gerlach, 1961) Stover et Wil liams,
1995
Fibrocysta axialis (Eisenack, 1965) Stover et Evitt, 1978
Glaphyrocysta microfenestrata (Bujak, 1976) Stover et Evitt,
1978 (Fig. 6C, D)
Glaphyrocysta semitecta (Bujak in Bujak et al., 1980) Lentin et
Wil liams, 1981 (Fig. 7V)
Heteraulacacysta cf. porosa Bujak in Bujak et al., 1980 (Fig. 8R)
Heteraulacacysta leptalea Eaton, 1976 (Fig. 8Q)
Heteraulacacysta porosa Bujak in Bujak et al., 1980
Heteraulacacysta sp. 
Heterosphaeridium sp. A sensu Gedl, 2013 (Fig. 7P)
Homotryblium aculeatum Wil liams, 1978
Homotryblium floripes (Deflandre et Cookson, 1955) Stover,
1975 (Figs 6H, 10R)
Homotryblium tenuispinosum Davey et Wil liams, 1966
Homotryblium? sp. (Fig. 10P, Q)
Hystrichokolpoma cinctum Klumpp, 1953 (Fig. 7A)
Hystrichokolpoma rigaudiae Deflandre et Cookson, 1955
Hystrichokolpoma salacia Eaton, 1976 (Fig. 7O)
Hystrichokolpoma unispinum Wil liams et Downie, 1966
Hystrichokolpoma? sp. (Fig. 11S–U)
Hystrichosphaeridium? sp.
Hystrichosphaeropsis rectangularis Bujak in Bujak et al., 1980
(Fig. 7R, S)

Hystrichostrogylon coninckii Heilmann-Clausen in Thom sen et
Heilmann-Clausen, 1985
Impagidinium sp.
Impletosphaeridium sp. (Fig. 10V)
Impletosphaeridium? sp. (Fig. 10A–D)
Kallosphaeridium sp.
Lentinia serrata Bujak in Bujak et al., 1980 (Figs 8I, J, 10W)
Lingulodinium machaerophorum (Deflandre et Cookson, 1955)
Wall, 1967 (Fig. 10X)
Membranophoridium aspinatum Gerlach, 1961
Microdinium spp.
Nematosphaeropsis sp.
Operculodinium centrocarpum (Deflandre et Cookson, 1955)
Wall, 1967 (Figs 7Q, 10Y)
Operculodinium divergens (Eisenack, 1954) Stover et Evitt, 1978 
(Fig. 6E)
Operculodinium janduchenei? Head et al., 1989 (Fig. 11V–X)
Operculodinium microtriainum (Klumpp, 1953) Is lam, 1983 (Fig. 7T)
Operculodinium sp.
Operculodinium sp. A sensu Gedl, 2013
Operculodinium ti ara (Klumpp, 1953) Stover et Evitt, 1978
Operculodinium? sp. (Fig. 11A–C)
Palaeocystodinium golzowense Al ber ti, 1961
Pentadinium laticinctum Gerlach, 1961
Pentatdinium lophophorum (Benedek, 1972) Benedek et al.,
1982
Peridinioid sp. A (Fig. 8G, H)
Phthanoperidinium amoenum Drugg et Loeblich Jr., 1967
Phthanoperidinium comatum (Morgenroth, 1966) Eisenack et
Kjellström, 1972 (Fig. 8K–O)
Phthanoperidinium? eocenicum (Cookson et Eisenack, 1965)
Lentin et Wil liams, 1973 (Fig. 8D–F)
Phthanoperidinium stockmansii (de Coninck, 1975) Lentin et
Wil liams, 1977 
Polysphaeridium subtile Davey et Wil liams, 1966
Polysphaeridium zoharyi (Rossignol, 1962) Bujak et al., 1980
Pyxidinopsis sp. C sensu Gedl, 2005
Reticulatosphaera actinocoronata (Benedek, 1972) Bujak et
Matsuoka, 1986 (Figs 7C, D, 10S)
Reticulatosphaera? sp. A (Fig. 11J–L)
Reticulatosphaera? sp. B (Fig. 11M–O)
Rottnestia? sp. (Fig. 11Z–Z2)
Samlandia chlamydophora Eisenack, 1954
Selenopemphix nephroides Benedek, 1972
Spiniferites cf. pseudofurcatus (Klumpp, 1953) Sarjeant, 1970
(Fig. 11Y)
Spiniferites pseudofurcatus (Klumpp, 1953) Sarjeant, 1970
Spiniferites ramosus (Ehrenberg, 1838) Mantell, 1854 (Figs 7M,
N, 10U)
Surculosphaeridium longifurcatum (Firtion, 1952) Davey et al.,
1966
Thalassiphora delicata Wil liams et Downie, 1966
Thalassiphora patula (Wil liams et Downie, 1966) Stover et Evitt, 
1978
Thalassiphora pelagica (Eisenack, 1954) Eisenack et Gocht,
1960 (Fig. 6A)
Vectidinium? sp.
Wetzeliella sp. (Fig. 10Z)

308 P. GEDL


