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Abstract: A dinoflagellate cyst biostratigraphy for the upper Campanian–lower Maastrichtian interval in the newly 
described Oslen-Krivodol section, northwest Bulgaria, is proposed. The dinocyst scheme comprises the zones of 
Areoligera coronata and Cerodinium diebelii, in ascending order, and illustrates the sharp transition between the 
Campanian and Maastrichtian dinocyst assemblages. The presented results confirm the high potential of dinoflagellate 
cysts for biostratigraphic correlations in the Campanian–Maastrichtian boundary interval. 
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Introduction

Dinoflagellate cysts are the group with rising po-
tential for palynostratigraphic age assessment of 
the Campanian and Maastrichtian sediments. In 
recent years, a large series of outcrop sections both 
from the Tethyan and Boreal realms have been 
studied to establishing a sound palynostratigraphic 
framework for the Campanian–Maastrichtian in-
terval (Kircsh, 1991; Roncaglia, Corradini, 1997; 
Niechwedowicz, Walaczszyk, 2022) and creating 
a detailed dataset, where dinoflagellate cyst rang-
es and occurrence events provide markers for the 
Campanian–Maastrichtian boundary (CMB) (An-
tonescu et al., 2001; Schiøler, Wilson, 2001; Rad-
macher et al., 2014). 

The Global Boundary Stratotype Section and 
Point (GSSP) for the base of the Maastrichtian Stage 
is formally defined in Tercis les Bains, SW France, 
as an arithmetic mean of twelve stratigraphic levels 
at which selected macro- (ammonites, inoceramid 
bivalves) and microfossil key taxa (foraminifera, 
calcareous nannofossils, dinoflagellate cysts) have 
their first or last occurrences (Odin, Lamaurelle, 
2001). Among these twelve biostratigraphic crite-
ria, three are dinoflagellate cyst bioevents: (1) the 
LO of Corradinisphaeridium horridum, (2) the 
LOs of Raetiaedinium truncigerum and R. evitti-
gratia, and (3) the LOs of Samlandia mayi and S. 
carnarvonensis. The base of the Maastrichtian is 
currently under investigation and testing by a newly 
installed Maastrichtian Working Group due to ad-
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vancing stratigraphic methods since its ratification 
more than twenty years ago. 

The present study is in accordance with this in-
vestigation providing a new and detailed dinoflagel-
late cyst record from the upper Campanian–lower 
Maastrichtian interval in the Oslen- Krivodol sec-
tion, northwest Bulgaria. The rich and continuous 
dinoflagellate cyst assemblages include several bio
stratigraphically critical taxa for the Campanian–
Maastrichtian boundary interval with high correla-
tion potential.

Stratigraphical framework
The recently described Oslen-Krivodol section is 
situated in the Western Fore-Balkan, 1.5 km NNE 
from the Oslen-Krivodol village (Fig. 1a). The 
lower part of the section is composed of green to 
greenish, glauconitic limestones to calcareous sand-
stones of the Darmantsi Formation (3.10 m thick). 
The succeeding Kunino Formation (over 4.5 m) is 
represented by thin- to medium bedded limestones, 
clayey and nodular limestones, overlied by the 
nodular limestones, typically rich in flint nodules of 
the Mezdra Formation (not logged) (Fig. 1b) (Do-
chev et al., 2023). In our ongoing research, these 
sediments are studied for calcareous nannofossils, 
dinoflagellate cysts and inoceramid bivalves, and 
belemnite rostra are used for strontium isotope stra-
tigraphy. The nannofossil bioevent for the base of 
the Maastrichtian, the LO of Uniplanarius trifidus, 
is documented at 3.25 m in the section. Strontium 
isotope stratigraphy indicated the CMB at a value of 
0.707728±0.000004, at 3.15 m above the base of the 
section (Wagreich et al., 2023). The collected in-
oceramid taxa are characteristic of the lower Maast
richtian interval (Dochev et al., 2023).

Materials and methods
Eighteen palynological samples are collected from 
the succession (Fig. 1b). On average, samples are 
taken every 10 to 30 cm for detailed biostratigraphi-
cal analysis thus enabling a dense sample set. The 
samples are processed at the Polish Academy of 
Sciences, Laboratory of the Geological Sciences 

Institute, Krakow (Poland). The slides are stored in 
the collections of the Sofia University St. Kliment 
Ohridski. The readers are referred to Fensome et 
al. (2019) for dinoflagellate cyst taxonomy. Iden-
tification and documentation of the encountered di-
noflagellate cysts are conducted using transmitted 
light microscope Leica DM 5500B.

Results and discussion
All studied samples yield well-preserved and di-
verse dinocyst assemblages in a continuous succes-
sion. The sequence of recognized dinocyst events 
in the Oslen-Krivodol succession shows a com-
paratively distinctive taxonomic turnover around 
the Campanian–Maastrichtian boundary interval, 
with last occurrences of typical Campanian taxa 
and their replacement by Maastrichtian forms. The 
framework of the dinocyst zonal scheme is based on 
these key dinocyst events and the stratigraphic rang-
es of selected taxa with a high correlation potential 
for the Campanian–Maastrichtian stratigraphy and 
boundary interval. The dinocyst scheme comprises 
the zones of Areoligera coronata and Cerodinium 
diebelii, in ascending order, and illustrates the sharp 
transition between the Campanian and Maastrich-
tian assemblages. 

Areoligera coronata Zone of Kirsch, 1991 
The FO of Areoligera coronata in the lowermost 

sample OS 1 defines the base of the zone in the sec-
tion. This species is regularly present and common 
within the zone. The characteristic zonal associa-
tion includes Odontochitina costata, O. porifera, O. 
operculata, Corradinisphaeridium horridum, Ach-
omosphaera fenestra, A. ramulifera, Chatangiella 
ditissima, C. tripartita, Raetiaedinium truncigerum, 
Cannosphaeropsis utinensis, Oligosphaeridium 
complex, Cassiculosphaeridia reticulata, Dinogym-
nium acuminatum and D. denticulatum. The charac-
teristic species Odontochitina costata, O. porifera, 
O. operculata, Corradinisphaeridium horridum, 
Achomosphaera fenestra and Palaeohystrichophora 
infusorioides have their last occurence (LO) within 
the zone. Chatangiella ditissima, C. tripartita, and 
Coronifera oceanica also have their last common 

Fig. 1. a, geographic position of the section Oslen Krivodol; b, stratigraphic log of the Oslen-Krivodol section, with sample 
positions: 1, thick bedded sandstones (Roman Formation; Aptian); 2, glauconitic limestones; 3, thin- to medium bedded lime-
stones; 4, ?volcanic ash layer; 5, nodular limestones; 6, clayey limestones; 7, belemnite rostra; 8, position of samples; 9, base of 
the Maastrichtian; 10, unconformity; c, Cannosphaeropsis utinensis, sample OS 8; d, Alterbidinium acutulum, sample OS 10;  
e, Cassiculosphaeridia reticulata, sample OS 10; f, Areoligera coronata, sample OS 8; g, Cerodinium diebelii, sample OS 10;  
h, Achomosphaera fenestra, sample OS 8; i, Rhaetiadinium truncigerum, sample OS 8; j, Odontochitina porifera, sample OS 2;  
k, Odontochitina costata, sample OS 1
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occurrence close to the upper boundary of the zone. 
The zone spans the interval from the base up to 3.10 
m (OS 10) in the section and marks the late Campa-
nian according to Kirsh (1991), Roncaglia and Cor-
radini, (1997) and Schiøler and Wilson (2001).

Cerodinium diebelii Zone of Kirsch, 1991
The FO of Cerodinium diebelii defines the base 

of the zone at 3.10 m in the section (sample OS 
10). The characteristic zonal association includes 
Cerodinium diebelii, C. speciosum, Microdinium 
carpentierae, Alterbidinium acutulum, Hystrichod-
inium pulcherrimum, Isabelidinium cooksoniae, I. 
korojonense, Cannosphaeropsis utinensis, Glaphy-
rocysta expansa, Florentinia maye and Areolig-
era medussetiformis. The species Cassiculospha-
eridia reticulata and Raetiaedinium truncigerum 
have their last occurrences in the lower part of the 
zone. The zone spans the interval from 3.10 m to 
the topmost sample in the section (OS 10 to OS 18) 
and marks the Lower Maastrichtian according to 
Kirsh (1991), Roncaglia and Corradini (1997) and 
Schiøler and Wilson (2001). 

Conclusions
The dinoflagellate cyst record, based on a cali-
brated and dense sample set, reveals an interval, 
characterised by a distinctive taxonomic turnover 
in dinoflagellate cyst assemblages immediately be-
low the Campanian–Maastrichtian boundary. This 
interval is marked by the last occurrence of typi-
cally Campanian taxa (Odontochitina, C. robusta, 
C.horridum, A. fenestra), and the appearance of 
typically Maastrichtian forms (C. diebelii, M. car-
pentierae, Glaphyrocysta). The documented Oslen 
Krivodol dinocyst succession is consistent mainly 
with the Tethyan successions and, in general, corre-
sponds to the dinoflagellate cyst events documented 
in the GSSP section at Tercis les Bains for the base 
of the Maastrichtian Stage.
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