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Abstract. Upper Cretaceous sediments in the Central Balkan Mts of Bulgaria offer valuable insights into the 
region’s late Mesozoic evolution. This study examines the preservation and taxonomic diversity of calcareous 
nannofloras and foraminiferal microfaunas from the Mountaineers’ Memorial Section, which comprises the Bazov 
Dyal, Darmantsi, Kunino and Mezdra formations. Preliminary results suggest that the sediments span the upper 
Campanian–basal upper Maastrichtian interval. The Bazov Dyal Formation is tentatively dated as late Campanian, 
while the Darmantsi Formation ranges from the upper Campanian? to the lower Maastrichtian. The Kunino 
Formation is interpreted as early Maastrichtian in age. Planktonic foraminifera from the uppermost levels of the 
Mezdra Formation indicate the presence of the lowermost upper Maastrichtian. However, poor preservation, poten-
tial reworking and low taxonomic diversity in certain levels hamper precise biostratigraphic interpretations. Further 
studies are needed to refine the age of these formations.
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Introduction

Upper Cretaceous sediments are widely distributed, 
both in outcrops and subsurface occurrences, on the 
territory of Bulgaria. With their myriad lithologies 
and fossil content, they can lend essential insights 
into understanding the Late Mesozoic evolution of 
the region. In this regard, Upper Cretaceous strata 
exposed in the Central Balkan Mountains remain 
somewhat understudied. They outcrop in several 
narrow strips around the Botev Vrah allochthon 
(Cheshitev et al., 1994; see also Balkanska, 2011) 
and correspond to four formal lithostratigraphic 
units (from oldest to youngest): the Bazov Dyal, 
Darmantsi, Kunino and Mezdra formations (Jol-

kichev, 1982; Yolkichev, 1986; Jolkičev, 1989). 
The Bazov Dyal Formation has been assigned late 
Campanian age, based on frequent finds of bivalve 
Lima marrotiana d’Orbigny (Jolkičev, 1989), 
whereas the Darmantsi Formation encompasses 
the uppermost Campanian–lowermost Maastrich-
tian (Yolkichev, 1986). For the Kunino and Mezdra 
formations, early Maastrichtian ages have been de-
termined (Yolkichev, 1986). More recent studies, 
however, have shown that the stratigraphic extents 
of these units reach up to at least the upper Maast­
richtian (Metodiev et al., 2024).

The present short communication is an account 
on the calcareous nannofloras and foraminiferal mi-
crofaunas from the Mountaineers’ Memorial Sec-
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tion (Central Balkan Mts). The aim is to give pre-
liminary data on their preservation and taxonomic 
diversity and attempt to shed more light on the ages 
of the studied sediments.

Geological setting and section

Upper Cretaceous sedimentary rocks in the Central 
Balkan Mts have been classified as North European 

type (Dabovski et al., 2009) and comprise platform 
carbonates. In tectonic terms, they are confined to 
the middle part of the Balkan Zone of Dabovski and 
Zagorchev (2009).

The studied section is located ~500 m to the 
southwest of Pleven Hut (Fig. 1a). The Upper Cre-
taceous succession covers, with an angular uncon-
formity, the Upper Jurassic–Lower Cretaceous si-
liciclastic deposits of the Kostel Formation (Fig. 1b). 
The section is comprised of (from oldest to young-

Fig. 1. a, Geologic map of the Pleven Hut area (after Metodiev et al., 2024) with location of the studied section. The inset (upper 
left) is a sketch of the tectonic map of Bulgaria (after Dabovski et al., 2009): b, Lithology and lithostratigraphy of the Mountaineers’ 
Memorial section.
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Fig. 2. Calcareous nannofossils and foraminifera from the Mountaineers’ Memorial Section. Nannofossil images (uniformly enlarged 
at 2000× magnification) were taken in cross-polarised light, unless indicated otherwise. Foraminifer images (scale bar = 50 µm) were 
taken in plane-polarised light. Abbreviations: GP, gypsum plate; PC, phase contrast: a, Reinhardtites levis Prins and Sissingh, sample 
MM-9; b, Eiffellithus eximius (Stover) Perch-Nielsen, sample MM-7; c, Eiffellithus lindiensis Lees, sample MM-3; d, e, Eiffellithus 
parallelus Perch-Nielsen (e, GP), sample MM-10; f, Prediscosphaera cretacea (Arkhangelsky) Gartner, sample MM-9; g, h, Biscu-
tum notaculum Wind and Wise (h, rotated), sample MM-3; i, Retecapsa angustiforata Black, sample MM-3; j, Arkhangelskiella con-
fusa Burnett, sample MM-10; k, Arkhangelskiella cymbiformis Vekshina, sample MM-9; l, Arkhangelskiella maastrichtiensis Burnett, 
sample MM-11; m, Broinsonia parca (Stradner) Bukry subsp. constricta Hattner et al., sample MM-5; n, Broinsonia parca (Stradner) 
Bukry subsp. parca, sample MM-5; o, Watznaueria barnesiae (Black) Perch-Nielsen, sample MM-3; p, Watznaueria leesiae Young, 
sample MM-5; q, r, Calculites obscurus (Deflandre) Prins and Sissingh (r, rotated), sample MM-9; s–v, Micula premolisilvae Lees 
and Bown (t, rotated; u, GP; v, PC); w, x, Micula staurophora (Gardet) Stradner (x, rotated), sample MM-9; y–bb, Uniplanarius gothi-
cus (Deflandre) Hattner and Wise (z, rotated; aa, GP, bb, PC), sample MM-5; cc, dd, Lithraphidites praequadratus Roth (dd, PC), 
sample MM-11; ee, Nezzazatinella picardi (Henson), sample MM-4; ff, Planohedbergella prairiehillensis Pessagno, sample MM-5; 
gg, Rugoglobigerina milamensis Smith and Pessagno, sample MM-5; hh, Rugoglobigerina cf. spinosa Masters, sample MM-6;  
ii, Laeviheterohelix glabrans (Cushman), sample MM-18; jj, Globotruncana lapparenti Brotzen, sample MM-18; kk, Contusotrun-
cana plummerae (Gandolfi), sample MM-18; ll, Gansserina gansseri (Bolli), sample MM-18.

est): grey, sandy bioclastic limestones (Bazov Dyal 
Formation); grey-green, glauconite-bearing sandy 
bioclastic limestones (Darmantsi Formation); grey, 
medium-bedded micritic limestones with separate 
levels containing chert nodules (Kunino Forma-
tion); and grey to dark grey, medium- to indistinct-
ly-bedded fine-bioclastic limestones with abundant 
chert nodules (Mezdra Formation; see Fig. 1b).

Material and methods

Calcareous nannofossils

Eighteen preliminary samples were examined for 
their nannofossil content. Simple smear-slides were 
prepared, following the methodology described by 
Bown and Young (1998). These were viewed at 
1250× magnification on a Zeiss Axioscope 5 trans-
mitting light-microscope, equipped with an oil-im-
mersion objective lens (100×). Observations were 
made in cross-polarised light, both with and without 
gypsum plate, and in phase contrast. Micrographs 
were taken, using a Zeiss Axiocam 208 digital cam-
era. Subsequently, all images were uniformly en-
larged to 2000× magnification. Biostratigraphically 
significant taxa are illustrated in Fig. 2, together with 
several others that have rarely or never previously 
been reported from the Upper Cretaceous of Bulgaria.

Preservation is poor (i.e., depleted assemblages 
and a significant portion of specimens are difficult 
to identify due to etching and/or secondary calcite 
overgrowth) to very poor (i.e., severely depleted 
nannofloras and a large number of specimens are 
impossible to identify reliably). Due to the gener-
ally low abundance of nannofossils in the samples, 
ranging from one specimen per field of view (FOV) 
to one specimen per 2–5 FOVs, investigations were 

carried out over ten traverses (four central and six 
random) to avoid overlooking any taxa. Relative 
abundances of species are referred to in the text as 
follows: frequent (one specimen per 2–25 FOVs); 
rare (one specimen per 26–50 FOVs); very rare (one 
specimen per traverse); and present (<10 specimens 
per sample).

Taxonomic concepts generally follow those of 
Perch-Nielsen (1985) and Burnett (1998); however, 
more recent papers (Lees, Bown, 2005; Lees, 2007; 
Young, 2023) have also been taken into account. 
Full descriptions, with authorship, of all calcareous 
nannofossil taxa discussed herein are available on 
Nannotax3 (https://www.mikrotax.org/Nannotax3/
maindb/Mesozoic_nannofossils). Biostratigraphic 
notes refer to Burnett’s (1998) UC zonation scheme.

Foraminifera

Altogether, six preliminary samples were taken for 
foraminifer examination. Taxonomic identifica-
tions were performed in thin-sections, which were 
viewed on a Zeiss Axiolab 5 transmitting light-
microscope. Micrographs were then taken, using a 
Zeiss Axiocam 208 digital camera. Figure 2 depicts 
biostratigraphically significant taxa.

Preservation is generally poor. In samples where 
planktonic foraminifera are rare, benthic taxa have 
also been taken into account.

Results and discussion

Calcareous nannofossils

Four samples (MM-1 to MM-4) from the Bazov 
Dyal Formation were examined, of which only one 

→

https://www.mikrotax.org/Nannotax3/maindb/Mesozoic_nannofossils
https://www.mikrotax.org/Nannotax3/maindb/Mesozoic_nannofossils


33

(MM-3) yielded calcareous nannofossils. The nan-
nofloras here are very poorly preserved and exhibit 
low taxonomic diversity. The most frequently ob-
served species are Watznaueria barnesiae (Black) 

Perch-Nielsen and Micula cf. M. staurophora (Gar-
det) Stradner, followed by Retecapsa spp. Taxa 
worthy of note are Biscutum notaculum Wind and 
Wise, Eiffellithus lindiensis Lees and Micula pre-
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molisilvae Lees and Bown, which are very rare in 
the assemblage. The first occurrence (FO) of Biscu-
tum notaculum has been noted in the lower Campa-
nian UC15aTP at intermediate palaeolatitudes (Bur-
nett, 1998, p. 155). Lees (2007) reported an upper 
Campanian–lower Maastrichtian (UC15eTP–UC17) 
stratigraphical range for Eiffellithus lindiensis, and 
Lees and Bown (2005) documented Micula pre-
molisilvae from UC16 (upper Campanian–lower 
Maastrichtian) to UC19 (lower/upper Maastrich-
tian). A single, heavily etched and questionably 
identified specimen of Uniplanarius trifidus (Strad-
ner) Hattner and Wise was also observed. Based on 
these data, together with foraminifer results (dis-
cussed below), the sediments of the Bazov Dyal 
Formation are tentatively assigned a late Campa-
nian age.

The Darmantsi Formation (samples MM-5 and 
MM-6) yielded some of the most abundant nan-
nofloras (one specimen per FOV to one speci-
men per three FOVs), although species richness 
is moderately low, with 36 species identified in 
total. The assemblages are dominated by frequent 
Micula staurophora and Prediscosphaera cre-
tacea (Arkhangelsky) Gartner, followed by less 
frequent to rare Watznaueria barnesiae, Micula 
sp., Cribrosphaerella ehrenbergii (Arkhangel-
sky) Deflandre, Calculites obscurus (Deflandre) 
Prins and Sissingh and Biscutum constans (Gór-
ka) Black. Very rare, but consistently occurring, 
species include Arkhangelskiella cymbiformis 
Vekshina, Arkhangelskiella confusa Burnett, Eif-
fellithus parallelus Perch-Nielsen, Reinhardtites 
levis Prins and Sissingh and Lucianorhabdus ca-
yeuxii Deflandre. Broinsonia parca (Stradner) 
Bukry subsp. constricta Hattner et al., Broinsonia 
parca (Stradner) Bukry subsp. parca, and Eiffelli-
thus eximius (Stover) Perch-Nielsen are present as 
well. A single specimen of Tranolithus orionatus 
(Reinhardt) Reinhardt was noted in sample MM-5. 
Normally, the co-occurrence of Eiffellithus paral-
lelus and Eiffellithus eximius indicates the upper 
Campanian UC15eTP; however, since reworking 
cannot be ruled out (see also results in the next 
paragraph), the strata of this lithostratigraphic unit 
have tentatively been assigned to the undifferenti-
ated UC15eTP–16 (upper Campanian–lower Maas-
trichtian).

The most abundant calcareous nannofossil as-
semblages (one specimen per FOV to one speci-
men per two FOVs) were noted in the lower half of 
the Kunino Formation (samples MM-7 to MM-11); 
from sample MM-12 upward, nannofossil abun-
dance and taxonomic diversity sharply decline. 
Per-sample species richness is comparable to that 

in the underlying Darmantsi Formation, with 43 
species identified altogether. As in the Darmantsi 
Formation, frequent Micula staurophora and Pre-
discosphaera cretacea dominate the nannofloras. 
Watznaueria barnesiae, Cribrosphaerella ehren-
bergii, Placozygus spiralis (Bramlette and Mar-
tini) Hoffmann, Arkhangelskiella cymbiformis, 
Retecapsa angustiforata Black and Calculites ob-
scurus are rare, but consistent, constituents of the 
assemblages. Broinsonia parca subsp. constricta, 
whose last occurrence (LO) delineates the UC16/
UC17 boundary, is absent. The first reliably iden-
tifiable specimens of Lithraphidites praequadra-
tus Roth were observed in sample MM-10, and of 
Arkhangelskiella maastrichtiensis Burnett in sam-
ple MM-11. The FOs of these two species in other 
Bulgarian sections are bracketed between the LO 
of Reinhardtites levis (= base UC19) from below 
and the FO of Lithraphidites quadratus Bramlette 
and Martini (= base UC20) from above, placing 
them in the lower Maastrichtian UC19 (see Gran-
chovski, 2019, and references therein). Note, how-
ever, that Reinhardtites levis, together with Eiffe
llithus eximius (LO marks the base of UC16) and 
Uniplanarius gothicus (Deflandre) Hattner and 
Wise (LO in UC17 according to Burnett, 1998; 
see also Granchovski, 2019) has consistently been 
observed in small quantities up to the top of the 
Kunino Formation (sample MM-14) in the Moun-
taineers’ Memorial Section, i.e., stratigraphically 
above the FOs of both Lithraphidites praequad-
ratus and Arkhangelskiella maastrichtiensis. 
Whether the latter two events are older here than 
in other Bulgarian sections or the stratigraphically 
higher occurrences of Reinhardtites levis, Eiffelli-
thus eximius and Uniplanarius gothicus are the 
result of reworking is unclear. As the presence of 
Lithraphidites quadratus has not been identified, 
the sediments of the Kunino Formation are provi-
sionally referred to the undifferentiated UC17–19, 
which indicates early Maastrichtian age.

As mentioned above, calcareous nannofossil 
abundance and taxonomic diversity markedly de-
crease in the upper portion of the Kunino Forma-
tion and in the Mezdra Formation. This reduction 
coincides with a gradual increase in the occurrence 
of chert nodules, which peaks in the Mezdra For-
mation. Of the four samples (MM-15 to MM-18) 
from the latter unit, only two (MM-15 and MM-17) 
contained nannofossil remains, represented solely 
by a few (<10 specimens per sample), poorly pre-
served liths of Micula staurophora, Watznaueria 
barnesiae and Prediscosphaera cretacea. As a 
result, no reliable biostratigraphic interpretations 
can be made for the Mezdra Formation.
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Foraminifera

The preliminary biostratigraphic evaluation of fo-
raminifera in thin-sections was focused primarily 
on planktonic forms. In the Bazov Dyal Formation, 
Planoheterohelix cf. globulosa (Ehrenberg) was 
the only representative of planktonic foraminifera, 
which was recorded in sample MM-4. However, 
benthic foraminifera from the same sample, rep-
resented (among others) by Nezzazatinella picardi 
(Henson), Marssonella oxycona (Reuss), Arenobu-
limina sp., Stomatorbina binkhorsti (Reuss), Pa-
rarotalia tuberculifera (Reuss), allow assignment 
to the Campanian. Various authors report a strati-
graphical range for Nezzazatinella picardi from 
the Aptian to the Santonian/lower Campanian, but 
not higher (Schlagintweit, 1992; Tasli et al., 2016; 
Koç, 2017). The FOs of Rugoglobigerina milamen-
sis Smith and Pessagno and Rugoglobigerina cf. 
spinosa Masters in the upper part of the Darmantsi 
Formation (sample MM-6) indicate Maastrichtian 
age. Samples from the Kunino Formation yielded 
similar assemblages of planktonic foraminifera. The 
most diverse planktonic microfauna was observed 
in the Mezdra Formation (sample MM-18). The co-
occurrence of Contusotruncana plummerae (Gan-
dolfi), Rugoglobigerina milamensis Smith and Pes-
sagno and Gansserina gansseri (Bolli) indicates the 
basal part of the Abathomphalus mayaroensis Zone, 
and thus the age is interpreted as earliest late Maas-
trichtian. This confirms the presence of the upper 
Maastrichtian in the area, which has recently been 
reported based on calcareous nannofossils (Meto-
diev et al., 2024). The upper part of the Kunino For-
mation, together with the Mezdra Formation, show 
an increased proportion of keeled globotruncanids 
in the planktonic assemblage, which indicates more 
open-marine conditions than in the lower part of the 
section.

Conclusions

The calcareous nannofossil and foraminifer analy-
ses indicate that the studied sediments in the Moun-
taineers’ Memorial Section range from the upper? 
Campanian to the lowermost upper Maastrichtian. 
The Bazov Dyal Formation is assigned a late? Cam-
panian age, based on nannofossils and benthic fo-
raminifera. In the Darmantsi Formation, more abun-
dant and more taxonomically diverse nannofloras, 
along with planktonic foraminiferal assemblages, 
suggest a late Campanian–early Maastrichtian age. 
The Kunino Formation, which yielded the most 
abundant nannofossil assemblages in comparison 

with the other units, is referred to the lower Maas-
trichtian. This age interpretation is also supported by 
foraminifer data. The Mezdra Formation, based on 
planktonic foraminifera indicating the basal part of 
the Abathomphalus mayaroensis Zone in its upper-
most levels, is assigned an early? Maastrichtian to 
earliest late Maastrichtian age. Overall, foraminifer 
data reveal a transition to more open-marine condi-
tions, marked by an increase in keeled globotrun-
canids. However, poor preservation and potential 
reworking of both nannofloras and foraminiferal 
microfaunas complicate biostratigraphic interpreta-
tions, and thus more detailed studies in the region 
are needed.
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