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a b s t r a c t

We present biostratigraphical and palaeoenvironmental analyses based on palynology and palynofacies
of marine and terrestrial deposits that crop out in the central and northwestern part of the Haţeg Basin.
Samples were collected from the R�achitova and Sînpetru formations. The former yielded well-preserved
palynological assemblages of both terrestrial and marine origin, represented mainly by diverse spore and
pollen associations, but with dinoflagellate assemblages of low diversity and low to moderate abun-
dance. The terrestrial palynoflora is dominated by fern spores and subordinate gymnosperm and
angiosperm pollen. This assemblage is indicative of a vegetation of subtropical to warm-temperate
climate and suggests fluvial to coastal habitats, as well as well-drained and higher altitude areas. The
R�achitova Formation is here dated as Santonianeearly late Campanian, based on the dinocyst species
Isabelidinium microarmum and some fern spores and early angiosperm pollen. The Sînpetru Formation,
previously dated as Maastrichtian, yielded only terrestrial palynoflora, but with a low content in paly-
nomorphs. Nevertheless, its palynological assemblage, composed of Maastrichtian pollen and spores,
indicates lowland or coastal habitats and warm and humid climatic conditions, alternating with periods
of arid climate. The palynofacies constituents used to reconstruct the depositional environments suggest
that during the Santonianeearly late Campanian, strata were laid down in an inner-outer neritic envi-
ronment (with some fluctuations of water depth). This succession is followed by a deltaic to pond or lake
depositions during the Maastrichtian, as indicated by the presence of large translucent phytoclasts in
these deposits. A new dinocyst subspecies, Isabelidinium microarmum subsp. bicavatum, which is a
distinguishable bicavate cyst, is described herein; this represents a possible key taxon for the lower to
lower upper Campanian.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

The Maastrichtian terrestrial strata exposed in the Haţeg Basin
(western part of the southern Carpathians, Romania), are well
known for their palaeontological content, comprising mainly
various species of dinosaur (including egg nests), mammals and
other vertebrates (Csiki and Grigorescu, 2000; Grigorescu, 2010;
Csiki et al., 2010; Botfalvai et al., 2017; Csiki-Sava et al., 2018).
Mega- and mesofloral remains from the Maastrichtian deposits of
the Haţeg Basin have previously been described by M�arg�arit and
M�arg�arit (1967), May Lindfors et al. (2010) and Popa et al. (2014,
b�ar�a), h_slimani@yahoo.com
2016). The megaflora is rare, being represented by ferns (Asple-
nium foersteri), monocotyledons (Sabalites longirhachis) and di-
cotyledons (Araliaephyllum sp., Myrica primigenia and
Proteophyllum decorum). The mesoflora recorded from the north-
western part of the basin includes fruits and seeds (aff. Klikovis-
permum and aff. Eurya) that belonged to plants of the Normapolles
complex (May Lindfors et al., 2010).

The first palynological study onMaastrichtian successions of the
Haţeg area were carried out by Stancu et al. (1980) and Antonescu
et al. (1983), who recorded terrestrial palynomorphs such as fern
spores (Polypodiaceoisporites, Leiotriletes), Normapolles pollen
(Trudopollis, Oculopollis) and a few gymnosperms. Other palyno-
logical studies of the same deposits have highlighted an assemblage
with numerous fern spore taxa (inclusive of freshwater ferns) and
various species of angiosperm pollen (Normapolles group),
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indicating a subtropical climate (Van Itterbeeck et al., 2005; Csiki
et al., 2008).

In the deeper parts of the Haţeg Basin, outcropping Maas-
trichtian terrestrial successions rest on CenomanianeCampanian
strata that are mainly marine (Grigorescu and Melinte, 2001;
Melinte-Dobrinescu, 2010). Based on the lithological and sedi-
mentological characteristics of these marine strata in the north-
western Haţeg area, Melinte-Dobrinescu (2010) suggested a mainly
deep-water palaeoenvironment for this interval.

The present study aims to contribute to the palynological data for
Upper Cretaceous terrestrial andmarine deposits that crop out in the
central and northwestern part of the Haţeg Basin. The dinoflagellate
cyst assemblage, identified in marine deposits of the region, is here
described for the first time. The present work also aims to establish
palaeoenvironmental conditions during deposition of this interval, as
based on palynofacies characteristics and the palynomorph taxa.

2. Geological setting

The Haţeg Basin, located in the western part of the Southern Car-
pathians inRomania (Fig.1A), includes a basementof crystalline rocks
of the Getic Nappe, a tectonic unit that belongs to theMedianDacidic
NappeSystem(S�andulescu,1984), anda coverof sedimentary rocksof
about 4 km in thickness. This basin is created in response to the Late
Cretaceous collision of at least three plates (Getic and Danubian units
and an allochthonous continental block of the Moesian Platform;
Fig. 1), upon closure of a narrow oceanic basin (Willingshofer et al.,
2001). The oldest deposits that cover the Getic basement are Lower
Jurassic terrestrial clastics. Starting in the Middle Jurassic, marine
sedimentation comprised limestones and marls (Stilla, 1985; Pop,
1990). This type of deposition continued up to the Aptian, when
reef and fore-reef limestone were laid down. The Middle
JurassiceAptian marine sedimentation is followed by exhumation
and erosion of the area, as indicated at the AptianeAlbian boundary
by bauxites accumulated within a palaeokarst (N�ast�aseanu, 1975).

At the start of the Late Cretaceous (early Cenomanian), the
Haţeg region evolved towards a longitudinal basin (eastewest di-
rection), which allowed the accumulation of deep-marine hemi-
pelagic deposits (Stei and R�achitova formations) in the northwest,
and shallow-water ones in the southeast (Grigorescu and Melinte,
2001; Melinte-Dobrinescu, 2010). The marine sedimentation
ended towards the top of the Campanian throughout the Haţeg
region, with deep-to shallow-water deposits being unconformably
covered by Maastrichtian terrestrial strata that are assigned to the
Sînpetru and Densuş-Ciula formations.

Tectonic and palaeogeographic studies support the presence of
an archipelago of islands in the northeast Tethys during the Late
Cretaceous (Dercourt et al., 2000; Csontos and V€or€os, 2004). The
“Haţeg Island”, with a total surface of around 80,000 km2 (Dercourt
et al., 2000), was then included into the Tisza-Dacia block (Csontos
and V€or€os, 2004).

3. Stratigraphical framework

Our palynological and palynofacies study has been carried out
on marine deposits (R�achitova Formation) in the northwestern part
Fig. 1. A. Simplified geological map of the Haţeg Basin (modified after Grigorescu et al., 2010
(crystalline basement); 3 e pre-Maastrichtian sedimentary cover (mainly marine); 4 e Ma
(lower member of the Densuş-Ciula Formation), c - epiclastic beds (middleeupper memb
terraces. B. Detailed geological map of the northwestern Haţeg Basin (according to Melinte-D
Formation (Cenomanianelower Santonian); 8 e R�achitova Formation, Lower Member (up
Campanian); 10 - Densuş-Ciula Formation (Maastrichtian); 11 e magmatic rocks. C. Maas
between the marine deposits of the R�achitova Formation (Upper Member) and reddish conti
Formation (Lower Member).
of the Haţeg Basin and terrestrial strata (Sînpetru Formation) in the
central part (Fig. 1).

3.1. R�achitova Formation

This unit was first described by Grigorescu and Melinte (2001),
the stratotype being located in the R�achitova Valley (Fig. 1B). The
R�achitova Formation (~900 m thick) is divided into two members,
the Lower Member and Upper Member. The former comprises
500e700 m of sandy turbidites (Melinte-Dobrinescu, 2010), rep-
resented by calcareous sandstones, grey siltstones and claystone
interlayers. In the studied outcrop along the R�achitova Valley
(Fig. 1E), this member is characterized by the presence of a level
with poorly preserved fossil plant remains, considered as a litho-
logical marker for its lower part by Melinte-Dobrinescu (2010). The
Lower Member was dated as early Santonianeearly/late Campa-
nian on the basis of calcareous nannofossil taxa indicative of zones
CC16 up to CC20 (Melinte-Dobrinescu, 2010).

TheUpperMember is ~300mthick at theR�achitovaValley site and
consists of turbidites, represented by grey claystones with
centimetre-thick calcarenite interlayers. A nannofossil event, i.e., first
occurrence datums ofUniplanarius sissinghii andU. trifidus, indicates a
late Campanian age for this member (Grigorescu and Melinte, 2001;
Melinte-Dobrinescu, 2010). Strata assigned to this member are
strongly folded (Fig. 1D) and crop out along the Ştei Valley (Fig. 1B).

3.2. Sînpetru Formation

This formation is distributed across the central-eastern parts of
the Haţeg Basin (Fig. 1A), mainly along the Sibişel and B�arbat val-
leys. Although the entire stratigraphic interval of the formation is
not exposed, Nopcsa (1905) estimated the Sînpetru Formation to
have been approximately 2,500 m thick, as based on the distribu-
tion of exposures within the basin. The commonest rocks comprise
poorly sorted fluvial sandstones (or conglomerate) and floodplain
mudstones (Bojar et al., 2005; Therrien, 2006), yielding large
numbers of fossil vertebrate remains (Grigorescu, 2010). Along the
Sibişel Valley, the Sînpetru Formation includes two members. The
lower member displays an admixture of grey-green mudstones
with red mudstones and sandstones (Fig. 1C), while the upper
member is characterised by the presence of coarser channel de-
posits (Grigorescu, 1992; Bojar et al., 2005; Therrien, 2006).
Different types of palaeosols are also mentioned for this formation
(Therrien et al., 2009). The Sînpetru Formationwas first assigned to
the upper Maastrichtian on the basis of the presence of the pollen
Pseudopapilopollis praesubhercynicus (see Antonescu et al., 1983).
This assignment was later questioned by Van Itterbeeck et al.
(2005), who suggested a lower/upper Maastrichtian boundary in-
terval. Palaeomagnetic studies indicate that the Sînpetru Formation
was laid down between the beginning of Chron 32n.1 and the end
of Chron 31n (68.7e71.5 Ma) (Panaiotu and Panaiotu, 2010).

4. Material and methods

Altogether, thirteen samples of claystone were collected from
three outcrops of the Haţeg Basin, namely: four samples from the
). Legend: 1 e Danubian Nappe System (crystalline basement); 2 - Getic Nappe System
astrichtian terrestrial deposits: a e Sînpetru Formation, b - volcano-sedimentary beds
ers of the Densuş-Ciula Formation); 5 - Cenozoic sedimentary rocks and Quaternary
obrinescu, 2010). Legend: 6 e Federi Formation (Albianelower Cenomanian); 7 e Ştei
per Santonianelower Campanian); 9 e R�achitova Formation, Upper Member (upper
trichtian terrestrial deposits of the Sînpetru Formation (Sînpetru section). D. Contact
nental deposits of the Densuş-Ciula Formation. E. Santonian turbidites of the R�achitova
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Sînpetru Formation (Sînpetru locality; thickness of strata ~15 m;
co-ordinates N 45�32037.7400, E 22�54033.7700), five samples from the
Upper Member of the R�achitova Formation (the western part of
Densuş; thickness of deposits ~20 m; co-ordinates N 45�34058.2700,
E 22�46000.5000) and four samples from the Lower Member of the
R�achitova Formation (the western part of Ciula Mic�a; thickness of
deposits ~10 m; co-ordinates N 45�35054.7200, E 22�45055.6400)
(Fig. 1; Appendix A).

Sample preparation follows the method described by Batten
(1999). Approximately 50 g of sediment was sampled for organic
matter analyses. These samples were treated with HCl (37%) to
remove carbonates and HF (48%) to remove the silicate minerals.
Denser particleswere separated fromtheorganic residueusingZnCl2
with a density of 2.0 g/cm3. The residual matter wasmounted on the
slides using glycerine jelly. A representative selection of paly-
nomorphs and palynofacies constituents (Figs. 2e6) was photo-
graphedusing a digital LeicaDFC 420 cameramounted ona LeicaDM
1000 microscope. All the microscopic slides are deposited in the
collections of the GeologyDepartment, “Al. I. Cuza”University of Iaşi.

Palynofacies characterisation was done by counting 300e400 of
unoxidised palynodebris in each sample. Three main groups of
kerogen constituents proposed by Tyson (1995), Mendonça Filho
et al. (2002), Carvalho et al. (2006) and Ţab�ar�a et al. (2015, 2017)
have been recognised in the studied samples, namely: (I) paly-
nomorphs (spores, pollen, dinoflagellate cysts and algae); (II)
phytoclasts (opaque and translucent organic particles derived from
terrestrial plants), and (III) amorphous organicmatter (AOM)which
includes structureless organic components derived from phyto-
plankton or degraded higher plant debris.

Several interpretative parameters, based on palynofacies ob-
servations (i and ii ratios are expressed in decimal logarithms;
Tyson,1995), were used for palaeoenvironmental analyses, namely:

(i) the ratio of opaque to translucent phytoclasts (O:Trans). The
opaque phytoclasts are derived from the oxidation of trans-
lucent particles that have suffered a transport over a prolonged
period of time (Tyson, 1995; Carvalho et al., 2013). A high
abundance of opaque phytoclasts mainly suggests a distal
depositional environment (Ţab�ar�a et al., 2017). In contrast, the
high relative abundance of translucent particles (e.g. woody
tissues) indicates strong terrestrial influx, with deposition in
nearshore proximal settings (e.g.fluvio-deltaic systems;Tyson,
1995). The ratio tends to increase distally and can be used to
interpret proximal-distal trends (Steffen and Gorin, 1993).

(ii) the continental/marine palynomorphs ratio (C/M). This ratio is
calculated by the number of all terrestrial palynomorphs
(pollen þ spores) divided by the number of marine paly-
nomorphs (dinoflagellate cysts). Consequently, the C/M ratio
generally decreases offshore and can be used as an indicator of
proximal-distal trends (Pellaton and Gorin, 2005). Also,
onshore-offshore depositional environments and
transgressive-regressive trends can be inferred based on a
spore-pollen-microplankton (SPM) ternary diagram as pro-
posed by Federova (1977) and Duringer and Doubinger (1985).

(iii) Peridinioid/gonyaulacoid dinocysts ratio (P/G). This ratio is
used in the manner described by Versteegh (1994) and
Carvalho et al. (2016), using formula P/G¼ P/(Pþ G), where P
is the number of peridinioid cysts and G is the number of
gonyaulacoid cysts. A peridinioid-dominated assemblage
(high values of P/G) indicates nutrient-rich and low salinity
conditions, related to nearshore environments (brackish
water and lagoons). In contrast, a gonyaulacoid-dominated
assemblage (low values of P/G) reflects generally open-
marine environments (Carvalho et al., 2016).
5. Results

5.1. Palynological content

The recovered assemblages show a low to moderate diversity
and include a total of 83 taxa (Appendix A), mainly consisting of
cryptogam spores (36 taxa), angiosperm pollen grains (19 taxa) and
dinoflagellate cysts (16 taxa). Dinoflagellate cysts were discovered
for the first time in the Haţeg Basin during the present study.
Additionally, some gymnosperms (10 taxa) as well as rare occur-
rence of freshwater algae, bryophytes and foraminiferal linings
were identified in our samples.
5.1.1. R�achitova Formation
In the Lower Member of this unit, the recovered palynoflora

consists mainly of terrestrial palynomorphs. Among these, the fern
spores are the most abundant (74e84% of the total paly-
nomorphs). This principal terrestrial group is generally dominated
by Deltoidospora minor, D. australis, Cicatricosisporites spp., Echi-
natisporis longechinus, Gleicheniidites senonicus, Poly-
podiaceoisporites sp. and Verrucingulatisporites sp. Other frequently
identified spore taxa include Appendicisporites tricornitatus,
Foveosporites canalis, Laevigatosporites ovatus, Lycopodiumsporites
austroclavatidites and Vadaszisporites minutireticulatus. Gymno-
sperm pollen generally represent a minor component of the
assemblage; taxa identified include Araucariacites australis,
Pinuspollenites sp., Alisporites sp., Classopollis sp. and Ephedripites.
Angiosperm pollen occur in low diversity and number of speci-
mens. Some taxa of Normapolles group (e.g. Trudopollis non-
perfectus, T. primigenius, Suemegipollis triangularis and Oculopollis
sp.) are the most frequently observed.

The dinocyst assemblage recovered from the Lower Member of
the R�achitova Formation shows a very low diversity, reflecting a
reduced marine influence. Odontochitina operculata, Isabelidinium
acuminatum and cf. Turnhosphaera hypoflata are the only dinofla-
gellate cyst taxa recorded from this unit. Other marine microfossils
(e.g. foraminiferal test linings) and some specimens of freshwater
algae (Chomotriletes fragilis) represent a minor component in the
assemblage.

In the Upper Member of the R�achitova Formation, the five
samples collected in the Densuş outcrop yielded a diverse paly-
nological content (Appendix A). The assemblage includes both
terrestrial and marine palynomorphs. The cryptogam spore
assemblage (15e60% of the total palynomorphs) is roughly similar
to that identified from the Lower Member of the R�achitova For-
mation (see above) and is represented by several genera, including
Cicatricosisporites, Deltoidospora, Echinatisporis, Gleicheniidites and
Polypodiaceoisporites. The two taxa, Zlivisporites blanensis and
Schizaeoisporites sp., occur only in this member. Gymnosperms are
represented mainly by Pinuspollenites sp., Araucariacites australis,
Inaperturopollenites sp. and Classopollis sp. Angiosperm pollen
occur in a low diversity. They include triaperturate taxa (Tricolpites
spp.), Normapolles group (Trudopollis hemiperfectus, T. primigenius,
Longanulipollis sp.) and a minor fraction of palm trees pollen
(Monocolpopollenites sp.).

The dinoflagellate cysts show low diversity, but are common to
abundant in two samples (P230De48.3% and P232De56.1%),
reflecting two short episodes of more pronounced marine influ-
ence. The commonest dinocyst species is Isabelidinium micro-
armum, which is associated with other species such as
Isabelidinium cooksoniae, I. cretaceum, Spinidinium eggeri, Ely-
trocysta cf. druggii and Chatangiella cf. granulifera. Freshwater algae
are absent.



Fig. 2. Selected dinoflagellate cysts and freshwater algae from the R�achitova Formation (scale bar: 30 mm; the three numbers between brackets are related to samples, palynological
slides and England Finder co-ordinates, respectively). AeC. Isabelidinium microarmum subsp. bicavatum subsp. nov. (holotype) (P232D, BH232-2, C41). D. Isabelidinium microarmum
subsp. bicavatum subsp. nov. (P232D, BH232-1, K31-2). EeG. Isabelidinium microarmum subsp. bicavatum subsp. nov. (paratype) (P232D, BH232-4, L18). H. Isabelidinium microarmum
subsp. bicavatum subsp. nov. (P232D, BH232-4, E40-2). I. Isabelidinium microarmum subsp. microarmum (P230D, BH230-1, H18). J. Isabelidinium microarmum subsp. microarmum
(P232D, BH232-2, B22-4). K. Isabelidinium acuminatum (P230D, BH230-2, L16-2). L. Isabelidinium cretaceum (P229D, BH229-1, B32). M. Spinidinium eggeri (P230D, BH230-3, L20-2).
N. Spinidinium balmei (P230D, BH230-2, B28-1). O. Odontochitina operculata (P236C, BH236-2, N27). P. cf. Turnhosphaera hypoflata (P234C, BH234-1, R31-3). Q. Chomotriletes fragilis
(P237C, BH237-3, Q34-2).
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Fig. 3. Light photomicrographs of selected cryptogam spores recorded in the R�achitova and Sînpetru formations (scale bar: 30 mm; the three numbers between brackets are related
to samples, palynological slides and England Finder co-ordinates, respectively). A. Deltoidospora australis (P234C, BH234-4, B44-1). B. Deltoidospora toralis (P236C, BH236-2, C11-3).
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5.1.2. Sînpetru Formation
Our samples yielded a poorly preserved and poorly diverse

palynoflora incorporating 14 terrestrial taxa (9 spores, 2 gymno-
spermpollen and 3 angiospermpollen). Two samples (i.e., P226S and
P228S) are almost barren in palynomorphs. Among the pterido-
phytes, Polypodiaceoisporites, Laevigatosporites and Deltoidospora are
the commonest taxa. Gymnosperm pollen are rare (only Classopollis
and Araucariacites have been encountered), as are angiosperm pollen
(few specimens of Trudopollis, Semioculopollis and Caryapollenites).
Freshwater algae are also rare, while dinoflagellate cysts are absent.

The low content of the palynomorphs in the Sînpetru Formation
can be related to palaeoenvironmental conditions (shallow water,
continental deposition, strong oxidation of organic matter due to
bacterial degradation).

5.2. Palynofacies compositions

In most studied samples, particulate organic matter (POM) of
terrestrial origin clearly predominates. Four main constituents of
POM were recognized, namely: translucent phytoclasts, opaque
phytoclasts, palynomorphs and AOM (granular form, marine
origin). Generally, the R�achitova Formation contains a moderate to
high amount of kerogen, while the Sînpetru Formation is poor in
POM content.

5.2.1. R�achitova Formation
The Lower Member of this formation is characterised by a pre-

dominance of organic matter of terrestrial origin. Opaque phyto-
clasts are frequently encountered (55e69%; Fig. 6), being
commonly small in size (10e50 mm) and rounded (Fig. 7J) and
rarely lath-shaped. The translucent phytoclasts are subdominant
components (28e44%) consisting of woody tissues (Fig. 7F), cuti-
cles (sometimes large in size; Fig. 7C) and numerous small yellow-
brown fragments. Continental palynomorphs are rare (1e3% of
total POM), mostly fern spores. Occasionally, some dinoflagellate
cysts show framboidal pyrite on their surface (Fig. 7D), indicating
anoxic environment within sediments. The palynofacies in the
Lower Member of the R�achitova Formation also includes small
amounts of phytoplankton, rare specimens of foraminiferal test
linings and reworked Palaeozoic scolecodonts (Fig. 7E). The gran-
ular AOM (marine origin) is absent.

In the Upper Member of the R�achitova Formation, a change in
the palynofacies composition was noted. In the lower part of the
studied section, sample P233D is characterised by a predominance
of granular AOM mixed with small equidimensional opaque phy-
toclasts, belonging to the inertinite group (Fig. 7I). Other samples
(i.e., P232D, P230D, P229D; Fig. 6) exhibit an abundance of opaque
phytoclasts (60e90% of total POM), often having small dimensions
and rounded shapes (Fig. 7H), as a result of prolonged transport.
Samples showing this type of palynofacies, mainly rich in opaque
phytoclasts, also include well-preserved specimens of dinoflagel-
late cysts (mainly Isabelidinium spp.) and fern spores. Some rare
occurrences of foraminiferal test linings (Fig. 5I, J) in sample P229D
were observed.

5.2.2. Sînpetru Formation
The palynofacies composition of this formation is characterised

by a predominance of the terrestrial POM. In terms of quantity, a
C. Deltoidospora minor (P230D, BH230-1, G28-2). D. Gleicheniidites senonicus (P225S, BH225-
sp. (P234C, BH234-3, M43-1). G. Polypodiaceoisporites retirugatus (P234C, BH234-2, D10-2).
(P225S, BH225-2, E44-4). J. Leiotriletes wolffi brevis (P237C, BH237-3, A28-4). K. Triplanosp
BH234-1, R30-3). M. Echinatisporis longechinus (P237C, BH237-2, F21-4). N. Trilites sp. (P23
visporites blanensis (P229D, BH229-2, F36-1). Q. Cicatricosisporites dorogensis (P237C, BH237
spiralis (P234C, BH234-3, O18-2). T. Biretisporites spectabilis (P235C, BH235-4, D39-4).
smaller amount of organic matter was identified in the Sînpetru
Formation, compared to the one recovered from the R�achitova
Formation.

In sample P227S, the palynofacies is dominated by large frag-
ments of spongy tissues (called aerenchyma; Fig. 7A, B), which form
spaces or air channel in leaves of aquatic plants in order to help
them float. The fragments of aerenchyma identified in this sample
are very similar to those of the extant genus Nymphaea (for a re-
view, see Catian and Scremin-Dias, 2015 or http://cupac.bh.cornell.
edu/). Other translucent phytoclasts, such as woody tissues, cuticles
and rare opaque phytoclasts with angular shape or lath-shaped
(Fig. 7G), occur in this unit. The palynological assemblage is
poorly preserved and consists mainly of fern spores associated with
some gymnosperm and angiosperm pollen and rare occurrences of
freshwater algae. Marine phytoplankton is absent from this
formation.

6. Discussion

6.1. Biostratigraphy

The dinocyst assemblages and Normapolles group (early angio-
sperms) from the studied sections contain few taxa, which are
commonly known to represent biostratigraphical markers in the
Upper Cretaceous. Some taxa of fern spores were also used for
biostratigraphical dating.

6.1.1. R�achitova Formation
In the Lower Member of the R�achitova Formation, the dinofla-

gellate cyst assemblage recorded in the samples collected from the
Ciula Mic�a outcrop shows a low diversity and a lack of bio-
stratigraphical markers. Nevertheless, a biostratigraphic informa-
tion is provided by Isabelidinium acuminatum, which ranges from
the Cenomanian to the Paleocene (Stover and Evitt, 1978;
Ioannides, 1986). According to Williams and Bujak (1985) and
Aleksandrova et al. (2012), this taxon has its first occurrence in the
lower Santonian. Another dinocyst taxon identified in sample
P234C is cf. Turnhosphaera hypoflata, known from the Coniacian to
upper Maastrichtian (Kirsch, 1991; Slimani, 2000, 2001; Slimani
et al., 2011; Slimani and Louwye, 2012). This species also occurs
in the Upper Member of the R�achitova Formation.

Two fern spores, namely Appendicisporites tricornitatus and
Vadaszisporites sacali, occur only in the interval P234CeP237C
(Appendix A). Both species are common in Lower Cretaceous de-
posits from Hungary (Juh�asz, 1975), Romania (Apuseni Mountains;
Antonescu, 1973), Spain (Barr�on et al., 2015) and Sweden (Vajda
and Wigforss-Lange, 2006). Furthermore, A. tricornitatus may
have persisted up to the Santonian (Vajda et al., 2016) and V. sacali
up to the early Campanian in Hungary (G�ocz�an and Siegl-Farkas,
1990).

Early angiosperms (Normapolles group) are biostratigraphically
significant for dating Upper Cretaceous deposits, due to their rapid
radial evolution. The various Normapolles pollen types observed in
the Lower and Upper Member of the R�achitova Formation provide o
good opportunity for the biostratigraphical control in the Upper
Cretaceous. Trudopollis nonperfectus and T. fossulotrudens, which
range from the Santonian to Campanian (Newman, 1965; Halamski
et al., 2016; Polette and Batten, 2017), occur in the sampling interval
4, C19-3). E. Polypodiaceoisporites sp. (P230D, BH230-2, K35-2). F. Polypodiaceoisporites
H. Laevigatosporites nutidus nutidus (P234C, BH234-2, L25-1). I. Laevigatosporites ovatus
orites microsinuosus (P236C, BH236-3, B9-1). L. Triplanosporites sinomaxoides (P234C,
7C, BH237-1, Q17-2). O. Appendicisporites tricornitatus (P237C, BH237-1, C14-2). P. Zli-
-3, P38-4). R. Cicatricosisporites venustus (P234C, BH234-2, B28-1). S. Cicatricosisporites

http://cupac.bh.cornell.edu/
http://cupac.bh.cornell.edu/


Fig. 4. Selected terrestrial palynomorphs (cryptogam spores, gymnosperm and angiosperm pollen grains) from the R�achitova and Sînpetru formations (scale bar: 30 mm; the three
numbers between brackets are related to samples, palynological slides and England Finder co-ordinates, respectively). A. Lycopodiumsporites austroclavatidites (P236C, BH236-3,
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Fig. 5. Selected angiosperm pollen grains (AeH) recorded in the R�achitova Formation (scale bar: 30 mm; the three numbers between brackets are related to samples, palynological
slides and England Finder co-ordinates, respectively). Other types of fossils (IeL). A. Trudopollis nonperfectus (P235C, BH235-3, H10-1). B. Trudopollis hemiperfectus (P230D, BH230-3,
J39-2). C. Trudopollis baculotrudens (P234C, BH234-4, D33-1). D. Trudopollis fossulotrudens (P234C, BH234-3, L9). E. Myricipites bituitus (P234C, BH234-5, J22-4). F. Caryapollenites sp.
(P234C, BH234-4, R39-2). G. Tricolpites cf. parvulus (P232D, BH232-3, G23-4). H. Tricolpites sp. (P234C, BH234-2, Q21-2). I, J. Foraminifers test lining (P229D, BH234-1, K12-3). K, L.
tooth of Zalmoxes sp. (scale bar: 5 mm), Sînpetru Formation.
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P235CeP230D. Other taxa identified from the R�achitova Formation
(i.e., Suemegipollis triangularis, Trudopollis baculotrudens and
T. primigenius) are typical of the Late Cretaceous, mainly
SantonianeMaastrichtian (Antonescu, 1973; Kedves and
Herngreen, 1981; Lebedeva and Kuz'mina, 2018).

In the Upper Member of the R�achitova Formation, the palyno-
logical assemblage recorded from the Densuş section contains few
Late Cretaceous dinocyst taxa. The most important of these is Isa-
belidinium microarmum, which is highly abundant in the sampling
interval P232DeP229D. This species has its first occurrence
worldwide in the lower Campanian (Ioannides and McIntyre, 1980;
Ioannides, 1986; Slimani, 2001; Aleksandrova et al., 2012;
Radmacher et al., 2015) and may have persisted up to the lower
upper Campanian (Powell, 1992; Slimani, 2001; Fensome et al.,
H12). B. Lycopodiumsporites clavatoides (P237C, BH237-4, D25-2). C. Vadaszisporites gregus
latisporites sp. (P234C, BH234-2, D28-4). F. Azolla sp. (P235C, BH235-2, H19-2). G. Classop
Pinuspollenites sp. (P230D, BH230-4, Q31-2). J. Alisporites sp. (P237C, BH237-4, P27-1). K. Arau
3, K28-1). M. Podocarpidites sp. (P230D, BH230-4, C9-2). N. Monocolpopollenites sp. (P237C
triangularis (P237C, BH237-2, J23-4). Q. Longanulipollis sp. (P232D, BH232-5, K22-1). R. Trudo
H39).
2016) or Maastrichtian (Rauscher and Doubinger, 1982). Consid-
ering that some dinocyst taxa (e.g., Areoligera spp., Cerodinium
diebelii), whose first occurrences are known from the middle upper
Campanian in the Northern Hemisphere (Costa and Davey, 1992;
Slimani, 2001; Williams et al., 2004; Slimani et al., 2016), are ab-
sent from our assemblages, we can at least assign the sampling
interval P232DeP229D, in which Isabelidinium microarmum is
encountered, to the lower to lower upper Campanian interval. The
other dinocyst taxa observed in the Upper Member of the R�achitova
Formation, such as Chatangiella cf. granulifera and Spinidinium
eggeri, range from the Coniacian to lower upper Campanian
(Slimani, 2001; Lebedeva, 2006; Aleksandrova et al., 2012) and
from the Santonian to Maastrichtian (Kirsch, 1991; Schiøler et al.,
1997), respectively.
si (P234C, BH234-4, S32). D. Vadaszisporites sacali (P235C, BH235-1, A23-1). E. Undu-
ollis sp. (P225S, BH225-3, L42-3). H. Cycadopites follicularis (P237C, BH237-3, N33). I.
cariacites australis (P234C, BH234-1, J32-2). L. Elaterocolpites castelainii (P233D, BH233-
, BH237-3, F43-3). O. Trisectoris cf. reticulatus (P234C, BH234-4, D11). P. Suemegipollis
pollis primigenius (P232D, BH232-3, O23-1). S. Trudopollis cf. capsula (P232D, BH232-4,



O/Trans
(Log)

C/M
(Log)

Ag
e

Fo
rm

at
io

ns

Sa
m

pl
es

P225S

P226S

P227S

P228S

P229D

P230D

P231D

P232D

P233D

P234C

P235C

P236C

P237C

0 20 40 60 80 100%

Particulate organic matter

opaque
phytoclasts

translucent
phytoclasts

granular
AOM

palynomorphs

-1 -0.5 0 0.5 1 1.5 1.5 210.5-0.5

R
ăc

hi
to

va
 F

or
m

at
io

n

Lo
w

er
 M

em
be

r
U

pp
er

 M
em

be
r

Sa
nt

on
ia

n
ea

rly
 - 

ea
rly

 L
at

e
C

am
pa

ni
an

M
aa

st
ric

ht
ia

n

Sî
np

et
ru

Fo
rm

at
io

n

not interpretation

0 2.5 3

not interpretation

P/G

1 1.20.80.6

no
t i

nt
er

pr
et

at
io

n
no

t i
nt

er
pr

et
at

io
n

Palaeo-
environment

in
ne

r n
er

iti
c

ou
te

r n
er

iti
c

increase in
water depth

increase in
water depth

de
lta

ic
 to

 fr
es

hw
at

er
po

nd
s 

/ l
ak

es
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Fig. 7. Typical constituents of POM recognized in the R�achitova and Sînpetru formations (all unoxidized residues; scale bar: 30 mm; the three numbers between brackets are related
to samples, palynological slides and England Finder co-ordinates, respectively). A, B. large fragments of spongy tissues (aerenchyma), probably belonging to the genus Nymphaea
(red arrows - intercellular air spaces) (P227S, BH227-5, D41). C. Cuticles, large in size (P237C, BH237-3, N41-2). D. Cyst of Isabelidinium, with crystals of framboidal pyrite (blue
arrow) (P236C, BH236-4, L33-1). E. Reworked scolecodont (P234C, BH234-3, G31-2). F. Woody tissues (P234C, BH234-4, R10-4). G. Angular opaque phytoclasts, lath-shaped (P226S,
BH226-2, J18-1). H. Opaque phytoclasts with small dimensions and rounded shapes (P230D, BH230-4, L33-1). I. Granular AOM (red arrow) mixed with opaque phytoclasts small in
size (P233D, BH233 -4, C3). J. Opaque phytoclasts (red arrows) mixed with translucent phytoclasts (blue arrows) of terrestrial origin (P237C, BH237-1, B24-1). (For interpretation of
the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Two taxa of the Normapolles group, namely Trudopollis exem-
plum and T. cf. capsula, which also range from the Santonian to
Maastrichtian (Polette and Batten, 2017), occur in the Upper
Member. According to Portnyagina (1981), Longanulipollis and
Oculopollis prevail in Campanian assemblages, but are absent from
lower Maastrichtian deposits in the Skale zone of the Carpathians.
The occurrence of Longanulipollis sp. in samples P232D and P230D
suggests a Campanian age for this interval.

Taxa (with the exception of Suemegipollis triangularis) used to
date the R�achitova Formation represent the first evidence of their
presence in the Upper Cretaceous deposits of the Haţeg Basin. In
summary, all the bioevents listed above, dated by dinocyst marker
taxa, some fern spores and pollen belonging to the Normapolles
group, suggest a Santonian age for the studied interval
P237CeP234C in the Lower Member of the R�achitova Formation
(Ciula Mic�a outcrop) and an early to early late Campanian date for
the Upper Member of the same formation (sampling interval
P233DeP229D, Densuş outcrop).

6.1.2. Sînpetru Formation
The age of this formation is more difficult to establish due to its

low content in palynomorphs and long-ranging taxa such as Del-
toidospora minor, Gleicheniidites senonicus and Laevigatosporites
ovatus. All taxa identified by us from the Sînpetru Formation were
also previously recorded from the same deposits by Van Itterbeeck
et al. (2005) and Csiki et al. (2008). Therefore, we agree the early/
late Maastrichtian age of this formation, as suggested by Van
Itterbeeck et al. (2005) on the basis of a more conclusive palyno-
logical content.

6.2. Palaeoenvironmental considerations and palaeoclimatic
implications

Dispersed organic matter components, as well as types of
palynomorphs and their diversity, can be reflective of the deposi-
tional environments. Factors, such as proximity of the terrestrial
vegetation towater, climate, sea level changes, accumulation rate of
deposits and biological activity affect the distribution of organic
matter (Batten, 1996). A large proportion of terrestrial POM (phy-
toclasts, pollen grains and spores, freshwater algae), as well as a
small amount of marine material (dinoflagellate cysts, granular
AOM, foraminiferal test linings), were recorded in the deposits
discussed here (Fig. 6).

6.2.1. R�achitova Formation
In the Lower Member of this formation, the palynofacies

composition exhibits a clear proximal signature, as demonstrated
by the predominance of phytoclasts (97e99%; Fig. 6) and a taxo-
nomic diversification of terrestrial palynomorphs. The O/Trans ratio
shows values of 0.09e0.39, suggesting a more inner neritic envi-
ronment. This suggestion is also supported by the low content of
the marine fraction (few dinocysts and rare foraminiferal test lin-
ings), as well as by the C/M ratio, the latter having a higher value
(2.23) in P234C sample (Fig. 6). The occurrence of a level with fossil
plant remains in the lower part of the Ciula Mic�a section (Fig. 1E)
and the high frequency of fern spores in the sampling interval
P234CeP237C (Fig. 8) support the proximity to terrestrial sources
or redeposition of continental organic matter from fluvio-deltaic
sources (Tyson, 1995). This paleoenvironment interpretation is
slightly different from previous ones: the Santonian deposits from
the northwestern part of the Haţeg basin (R�achitovaeŞtei area)
were earlier interpreted as proximal turbidites deposited in a deep-
marine environment (Melinte-Dobrinescu, 2010) and palae-
ocurrent data indicated a transport from east to west of these
turbidites, accumulated into a longitudinal basin (Pop et al., 1972).
In the present study, terrestrial palynomorphs identified from
Santonian deposits reveal a diverse vegetation with elements of
subtropical to warm-temperate forests. The occurrence of hygro-
phytic fern spores, such as Deltoidospora, Gleicheniidites, Laeviga-
tosporites and Polypodiaceoisporites, is consistent with plant
communities growing in fluvial and tidally influenced coastal plain
environments (Abbink et al., 2004; Raine et al., 2011). Additionally,
the presence of the Chomotriletes fragilis (freshwater algae) in-
dicates that this ecosystem incorporated ponds or lakes. Coastal
environments may also have included mangrove-type vegetation,
including Alisporites pollen, probably produced by seed ferns
(Barr�on et al., 2015). Besides vegetation typical of low elevation
areas, other terrestrial palynomorphs (e.g., Araucariacites) suggest a
well-drained and higher altitude habitat (Bowman et al., 2014;
Michels et al., 2018). Pollen grains comparable with Araucariacites
australis are produced today by Araucaria araucana (see Bowman
et al., 2014), which grows in cool temperate conditions of the
southern hemisphere (7e8 �C: coldest month; 17e19 �C: warmest
month). A relative abundance of araucarian pollen was recorded in
sample P234C (Appendix A). It seems that the higher altitude area
was also preferred by some early angiosperms (parent plants of
pollen Trudopollis spp.), this palaeoflora generally required cooler
and wetter conditions (Daly and Jolley, 2015).

In the Upper Member of the R�achitova Formation, the POM
assemblage shows a different composition compared to that
described from the Lower Member of the same formation. In the
lower part of the Densuş section (P233D sample; Fig. 6), the relative
abundance of marine AOM reflects low-energy conditions, and
possibly a higher relative sea level during the early Campanian. A
similar environment was previously indicated by Pop (1990) and
Melinte-Dobrinescu (2010), who suggested, based on lithological
and sedimentological data, that a regional transgression took place
in the Haţeg area, starting from the Santonian/Campanian bound-
ary and ending in the late Campanian.

According to Vald�es et al. (2004) and Ercegovac and Kosti�c
(2006), the colour of marine AOM derived from the phyto-
plankton degradation generally varies from yellow-green under
oxic sedimentary conditions in coastal area, to brown under dys-
oxic/anoxic conditions in pelagic zones. In our study, the marine
AOM identified in the lower part of the Densuş section shows a
light colour (Fig. 7I), suggesting a more neritic environment for this
interval. The SPM ternary diagram of Federova (1977) also supports
a mainly shallow-marine setting and less offshore conditions for
the deposits assigned to the Upper Member of the R�achitova For-
mation (Fig. 8).

The sampling interval P232DeP230D is rich in dinoflagellate
cysts compared to the Lower Member and contains a peridinioid-
enriched assemblage (Appendix A). Among common peridinioid
representatives, different species of Isabelidinium were recorded.
The occurrence of these peridinioids in our assemblages is indica-
tive of typical neritic environments (Wall et al., 1977; Prauss, 2006;
Tahoun et al., 2018). A peridinioid-dominated assemblage also in-
dicates nutrient-rich and low salinity conditions related to fresh-
water influx into a marine environment (Van Helmond et al., 2015).

In summary, the high abundance of marine AOM and opaque
phytoclasts of small dimensions and with rounded shapes, as well
as the increase of the O/Trans ratio in the top of the Densuş section
(Fig. 6), suggest an outer neritic environment for the Upper Mem-
ber of the R�achitova Formation. However, the abundance of the
inner neritic peridinoid dinoflagellate cysts (mainly Isabelidinium)
in three samples (P232D, P230D and P229D) of the Upper Member
may be interpreted as related to transport by paleocurrents to a
distal area of the sedimentary basin. The transport of other types of
palynomorphs (spores, pollen) to a distal area of the basin during
deposition of the Upper Member cannot be excluded.
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The early Campanian plant palynomorphs identified in the
Upper Member of the R�achitova Formation reveal a similar vege-
tation to that described from the Lower Member of the same for-
mation. The ferns, which most likely grew on riverine flood plains,
are well represented by various species of thermophilous spores.
The Classopollis pollen, produced from drought-resistant and
thermophilous cheirolepidiacean conifers, shows a constant
occurrence in the sampling interval P233DeP229D. The Cheir-
olepidiaceae often grew on drained slopes and coastal habitats
(Wang et al., 2005) and are adapted to arid climate conditions and
hypersaline soils (Michels et al., 2018). Other gymnosperms such as
Araucariacites, Pinuspollenites and some early angiosperms (e.g.,
Trudopollis spp.) are indicative of higher altitude areas.

6.2.2. Sînpetru Formation
The palynofacies assemblages recovered from the Sînpetru

Formation show a low content in organic matter, as well as a low
diversity of palynomorphs due to the strong oxidation conditions
during the sedimentation of these terrestrial strata. The particulate
organic matter is dominated by translucent phytoclasts (woody
tissues, spongy tissues, cuticles), while opaque phytoclasts are rare.
Some large fragments of spongy tissues (Fig. 7A, B; P227S sample),
which belong to aquatic plants leaves (probably Nymphaea), indi-
cate a short transport of these phytoclasts and supports their
deposition in deltaic environments or freshwater ponds or lakes.
These environments are also indicated by the O/Trans ratio (with
values ranging from �0.74 to 0.08; Fig. 6), C/M ratio (2.17e2.69), as
well as the occurrence of freshwater algae. In the grey-green
mudstone intercalation, located near the P227S sample, a tooth of
the herbivorous dinosaur Zalmoxes (Fig. 5K, L), as well as other bone
fragments of dinosaurs, were identified.

The lack of dinoflagellate cysts in the samples from the Sînpetru
Formation analysed may support a typical continental setting for
the Sînpetru depositional site.

The Maastrichtian palynological assemblage is predominated by
hygrophytic fern spores such as Laevigatosporites, Poly-
podiaceoisporites, Deltoidospora and Gleicheniidites, and can there-
fore be attributed to lowland, fluvial or coastal habitats and a warm
climatic conditions. In the upper part of the Sînpetru section (P225S
sample; Fig. 1C), a relative abundance of Classopollis pollen was
observed. Classopollis-producing-plants (namely Cheir-
olepidiaceae) were adapted to an arid climate and hypersaline soils
of the coastal habitats (Michels et al., 2018). According to Therrien
et al. (2009), the investigation of Maastrichtian palaeosols assigned
to the Sînpetru Formation reveals that the Sînpetru landscapewas a
mosaic of wetlands, seasonal wetlands and better-drained habitats.
However, some periods of aridity have been suggested by the same
authors based on palaeosol structures, roots of deeply-penetrating
plants which were forced to seek water at great depth having been
observed.

The plant pollen which grow in higher altitude areas have rare
occurrences in our Maastrichtian palynological assemblages.
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However, previous palynological studies (i.e., Van Itterbeeck et al.,
2005) performed on the same deposits show an assemblage
including gymnosperms such as Pinuspollenites, Abiespollenites and
Araucariacites. These taxa may belong to a forest vegetation that
grew on higher areas of the Haţeg island.

The source of food for the Maastrichtian herbivorous dinosaurs
of the Haţeg island includes mainly araucarian conifers, angio-
sperms and Cheirolepidiaceae, while other groups of plants like
ferns and the needle-leaved conifers were preferred to a lesser
extent (Gee, 2011).
7. Systematic palynology

Division Dinoflagellata (Bütschli, 1885) Fensome et al. (1993)
Subdivision Dinokaryota Fensome et al., 1993
Class Dinophyceae Pascher, 1914
Subclass Peridiniphycidae Fensome et al., 1993
Order Peridiniales Haeckel, 1894
Suborder Peridiniineae Autonym
Family Peridiniaceae Ehrenberg, 1831
Subfamily Deflandreoideae Bujak and Davies, 1983

Genus Isabelidinium (McIntyre, 1975) Lentin and Williams (1977)
Type species: Isabelidinium korogonense (Cookson and Eisenack,
1958) Lentin and Williams (1977)

Isabelidinium microarmum subsp. bicavatum, subsp. nov.
Fig. 2AeH

Derivation of name. Named after its distinctly bicavate cyst.
Holotype. Sample P232D, slide 2, EF co-ordinates C41 (Fig. 2AeC).
Paratype. Sample P232D, slide 4, EF co-ordinates L18, (Fig. 2EeG).
Repository. Palynological collection of the Department of Geology,
“Al. I. Cuza” University of Iaşi, Romania.
Type locality. The western part of Densuş, Ştei Valley (northwestern
Haţeg Basin), southern Carpathians, Romania.
Type stratum. Upper Member of the R�achitova Formation (lower to
lower upper Campanian).
Diagnosis. A subspecies of Isabelidinium microarmum characterized
by its bicavate and subrectangular cyst and its endophragm and
periphragm appressed in the equatorial region. Simple intercalary
archeopyle formed from loss of 2a plate.
Description. The bicavate cyst is of intermediate size and has a
subrectangular pericyst, a subcircular endocyst with flattened
apical and antapical surfaces and equal-sized apical and antapical
pericoels. The cyst is convex in the equatorial region and has
developed shoulders. Apical horn rounded to blunt, left antapical
horn acuminate and right antapical horn reduced. The endophragm
thin (~1 mm thick) and smooth to slightly scabrate and the peri-
phragm thin (~1 mm thick) and smooth with miniscule spines
(0.5e2 mm length) are closely appressed in the equatorial region.
The spines on the periphragm are irregularly distributed on the
apical area (mainly the apical horn and shoulders) and the antapical
area (mainly the antapical horns). The tabulation is peridinioid
indicated only by an omegaform intercallary archeopyle resulting
from loss of 2a plate. Operculum free.
Dimensions (in mm). Holotype: overall length/width 115/62; central
body length/width 89/62. Paratype: overall length/width 101/60;
central body length/width 82/60. Range for 13 specimens
measured: overall length/width 101(109)115/58(63)66; central
body length/width 74(84)89/58(63)66.
Remarks. Isabelidinium microarmum subsp. bicavatum subsp. nov. is
distinguished from I. microarmum (McIntyre, 1975) Bujak and
Davies (1983) subsp. microarmum (autonym; Fig. 2I, J) mainly by
its endophragm and periphragm that are closely appressed in the
equatorial region rather than separated. The type material of
I. microarmum was described as having an endophragm and peri-
phragm always distinguishable and was figured by circumcavate
cysts by McIntyre (1975, p. 65). Furthermore, this species was
mostly illustrated in the literature by circumcavate cysts. The new
subspecies has more or less a subrectangular pericyst shape with
more developed shoulders and an endocyst with flattened anterior
and posterior ends. The new subspecies is erected since it may turn
out to constitute a useful stratigraphic marker for the recognition of
the lower and lower upper Campanian. Isabelidinium microarmum
subsp. microarmum has a longer stratigraphic range
(SantonianeMaastrichtian).
Stratigraphic occurrence. Samples P232DeP229D (lower to lower
upper Campanian), Densuş section, Haţeg Basin.
8. Conclusions

The present study discusses the first palynological and paly-
nofacies records from SantonianeCampanian deposits in the Haţeg
Basin. In addition, other data related to vegetation, palaeoclimate
and palaeoenvironment of the Maastrichtian are outlined. The
main conclusions are the following:

(1) The palynomorph assemblages identified in the present
study suggest a Santonian age for the Lower Member (its
lower part) of the R�achitova Formation, based on key fern
spores and dinocyst taxa, and an early to early late Campa-
nian age for its Upper Member, based on biostratigraphic
marker taxa, such as the dinocyst species Isabelidinium
microarmum and the early angiosperm Longanulipollis sp.
The Sînpetru Formation shows a low content in terrestrial
palynomorphs, suggesting a Maastrichtian age, as indicated
in previous palynological studies.

(2) The Lower Member of the R�achitova Formation exhibits a
high diversity of terrestrial palynomorphs (mainly fern
spores, 74e84% of the total palynomorphs), along with
subordinated pollen grains and phytoplankton. The abun-
dance of marine palynomorphs increases in the Upper
Member of the R�achitova Formation. The commonest taxon
of this interval is Isabelidinium spp. The low diversity of the
Maastrichtian palynomorph assemblage can be related to
palaeoenvironmental conditions (continental deposition,
strong oxidation of organic matter).

(3) The predominance of terrestrial POM (opaque and trans-
lucent phytoclasts, pollen grains and spores, freshwater
algae) in the Lower Member (its lower part) of the R�achitova
Formation indicates an inner neritic environment, while
some palynofacies parameters and the marine AOM identi-
fied in the overlying Upper Member suggest a more outer
neritic environment, with some periods of slight increase in
water depth. It can be assumed that the phytoplankton
(mainly peridinioid type) of the Upper Member of the
R�achitova Formation, typical of near-shore environments,
was transported by palaeocurrents to a distal area of the
sedimentary basin. The Sînpetru Formation is interpreted to
reflect deltaic to freshwater pond or lake deposits, based on
the predominance of translucent phytoclasts (large frag-
ments of spongy tissues), which belong to aquatic plants
leaves, as well as occurrences of freshwater algae and
hygrophytic fern spores.

(4) The SantonianeCampanian terrestrial palynomorphs reveal
a diverse vegetation with elements of subtropical to warm-
temperate forests. Ferns, as well as some conifers (i.e.,
Cheirolepidiaceae), suggest fluvial to coastal habitats, while
other terrestrial palynomorphs (e.g., Araucariacites,
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Pinuspollenites) indicate well-drained and higher altitude
areas. Probably this habitat of higher elevation was also
preferred by early angiosperms (parent plants of pollen
Trudopollis spp.), requiring cooler and wetter conditions. The
Maastrichtian vegetation can be attributed to lowland or
coastal habitats and reveals warm and humid climatic con-
ditions. However, some arid periods during the Maas-
trichtian are indicated by the presence of conifer pollen (e.g.,
Classopollis sp.). Araucarian and cheirolepidiacean conifers,
as well as some angiosperms, were the main food source of
herbivorous dinosaurs.

(5) A new subspecies Isabelidinium microarmum subsp. bicava-
tum subsp. nov., is described since it is likely to be a possible
useful marker for the recognition of the lower to lower upper
Campanian.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.
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