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ABSTRACT:

Fąfara, M., Dubicka, Z., Niechwedowicz, M., Ciurej, A. and Walaszczyk, I. 2023. Middle Campanian (Late 
Cretaceous) sea-level rise; microfossil record of bathymetric changes. Acta Geologica Polonica, 73 (4), 661–
683. Warszawa.

A Middle Campanian (Late Cretaceous) eustatic sea-level rise recorded in the Belgorod succession (Russia; east-
ern North European Basin) was analyzed. The succession, dated for the Gavelinella annae and Globorotalites 
emdyensis foraminiferal zones (corresponding to the ‘Inoceramus’ azerbaydjanensis–‘Inoceramus’ vorhel-
mensis inoceramid Zone), records the deposition of pure chalk, with only trace terrigenous material. Its distal 
offshore position limited terrestrial nutrient delivery, driving oligotrophic conditions that influenced benthic 
foraminifera and organic-walled phytoplankton communities. Eustatic changes are recorded by planktonic for-
aminifera and additionally reflected in phytoclast abundance, organic-walled dinoflagellate cysts (dinocysts), 
calcareous dinoflagellate cysts (c-dinocysts), and δ13C and δ18O fluctuations. Most indices were primarily 
driven by variable terrestrial organic matter and freshwater influxes, acting as a function of sea depth and land 
topography.
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INTRODUCTION

Microfossils are powerful paleoenvironmental 
tools, providing information about many paleocean-
ographic parameters, including – but not limited to 
– water depth, temperature, salinity, primary pro-
ductivity, and trophic conditions (Schmiedl 2019). 
Microfossil paleoenvironmental proxies can be gen-
erally divided into two types: (1) those based on as-
semblage structure (e.g., diversity parameters, test 
morphotypes); and (2) those based on geochemical 
indices (such as trace element and isotopic composi-
tions) derived from microfossil shells.

Of the microfossil groups treated in this study, 
planktonic foraminifera are potentially useful in 

examining bathymetric changes, especially in rela-
tively shallow seas, whereas benthic foraminifera 
are sensitive to sea floor oxygen concentrations and 
organic matter inputs (Jorissen et al. 1995; Van der 
Zwann et al. 1999; Friedrich 2010; Dubicka et al. 
2014; Avnaim-Katav 2020). In turn, dinoflagellate 
cysts including organic walled and calcareous cysts 
(c-dinocysts; Ciurej et al. 2023) are good proxies 
for estimating surface temperature, surface salinity, 
rela tive sea-level change, nutrient abundance and up-
welling strength (e.g., Powell et al. 1992; Brinkhuis 
1994; Prauss 2000; Pross and Brinkhuis 2005; Sluijs 
et al. 2005; Zonneveld et al. 2013; Ciurej et al. 2017; 
Niechwedowicz et al. 2021; Ciurej 2023). Moreover, 
sedimentary organic matter may additionally contain 
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other palynomorphs (such as acritarchs, freshwater 
and marine algae, and sporomorphs), terrestrial or-
ganic particles (translucent and opaque phytoclasts, 
cuticles), and amorphous organic matter, which, col-
lectively can serve as reliable tools in assessing (pa-
leo)environmental conditions, in particular relative 
proximity to the shoreline and bottom-water oxygen-
ation; such analysis is commonly referred to as pal-
ynofacies analysis (e.g., Tyson 1993, 1995; Roncaglia 
and Kuijpers 2006).

The Late Cretaceous captures elevated tempera-
tures and the highest sea-levels known throughout 
the Mesozoic, resulting in vast, shallow and warm 
epicontinental seas, with widespread calcium carbon-
ate production (e.g., the Western Interior Seaway, or 
the European Shelf Sea extending from the Atlantic 
Ocean to western Asia; Hallam 1992; Miller et al. 
2005; Gale et al. 2008). Several large amplitude os-
cillations during this global highstand triggered ma-
jor environmental stresses that significantly affected 
marine ecosystems.

Three significant global sea-level rises are noted 
during the Campanian. These highs, marked on the 
sea-level curve of Hancock (1989) as peaks nos. 1 
to 3, are well recognized in north-western Europe 
(Hancock and Kauffman 1979; Hancock 1993; Nie-
buhr 1999, 2006) and North America (Hancock 1993). 

Of these, the least recognized is peak no. 2, dated for 
the Middle Campanian (Hancock 1993). The first aim 
of the present paper is the presentation of the micropa-
leontological record of a Campanian sea-level rise that 
seems to correlate with the poorly known Hancock’s 
peak no. 2. This study is based on the Campanian 
succession of the Belgorod section (central European 
Russia), representing the east-central part of the North 
European Cretaceous Basin. The compilation of data 
on planktonic and benthic foraminiferal assemblages, 
organic-walled and calcareous dinoflagellate cysts, 
sedimentary organic matter studies, and δ13C and δ18O 
analyses in selected benthic and planktonic foramin-
iferal tests, revealed a clear pattern of environmental 
changes within the early Middle Campanian, which 
can be interpreted in terms of a response to distinct 
sea-level rise accompanying the transgressive-regres-
sive pulse of that time.

The second aim of this paper is a demonstration 
of how powerful micropaleontological and geochem-
ical indices, in combination, can be in deciphering 
environmental changes accompanying the sea-level 
fluctuations following the transgressive-regressive 
pulses. The presented discussion contributes to a 
better understanding of the influence of sea-level 
changes on paleoceanographic conditions and sedi-
mentology of Cretaceous epicontinental seas.

Text-fig. 1. Campanian (~75 Ma) paleogeography of Europe (after Blakey 2014); Belgorod is marked by a star.
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MATERIALS AND METHODS

Fieldwork was conducted during a field excur-
sion accompanying the Ninth All-Russian Conference 
(with international participation) Cretaceous system 
of Russia and near abroad: problems of stratigraphy 
and paleogeography in Belgorod, Russia, organized 
by Belgorod State National Research University in 
September 2018 (Baraboshkin et al. 2018). Samples 
for microfossil, palynofacies, and geochemical inves-
tigations were collected in the Belgorod chalk mine 
in central European Russia, approximately 500 km 
south of Moscow. The Belgorod mine is a huge quarry 
in the north-western outskirts of the city of Belgorod, 
structurally located in the south-western margin of the 
Voronezh Anteclise (e.g., Mushenko 1961; Savko and 

Ivanova 2009) in the central East European Platform 
(Text-fig. 1). Campanian strata are well exposed in 
the northern quarry wall, and are easily accessible 
over ~1 km along an approximately east-west strike. 
Samples were collected every meter near the center of 
the northern wall, capturing a c. 15 m thick succession 
(Text-fig. 2).

Foraminiferal samples were disintegrated in 
Glauber’s salt (Na2SO4×10H2O), cleaned in an ultra-
sonic bath, and washed through a 100 µm sieve. Up to 
250 planktonic and benthic foraminiferal specimens 
were picked from the obtained residuum under a stereo 
microscope (see Table A1 in the Appendix 1 at the end 
of the text). When fewer than 150 planktonic fora-
minifera were picked, additional extractions were con-
ducted (see Table A2 in the Appendix 1). Foraminiferal 

Text-fig. 2. Lithological column of the Belgorod section with the collected results. The columns refer to: (A) Campanian substage division 
following the tripartite US definition; (B) foraminiferal zonation after Dubicka (2015); (C) inoceramid zonation after Walaszczyk et al. (1997, 
2016); (D) lithological column; (E) relative abundance of main planktonic foraminiferal morphogroups; (F) sea-level curve of the studied ba-
sin; (G) quantitative palynofacies results; and (H) δ13C (green) and δ18O (blue) curves for planktonic, i.e., Globigerinelloides prairiehillensis 

Pessagno, 1967 and benthic, i.e., Gyroidinoides  globosus (Hagenow, 1842) foraminifera, respectively.
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assemblage metrics included: (1) relative frequencies 
of calcareous and agglutinated forms within benthic 
assemblages; (2) planktonic/benthic (P/B) ratios [the 
percentage of planktonic foraminifera in the foramin-
iferal associations, expressed as 100×P/(P+B)]; and 
(3) the relative proportions of selected benthic genera 
and planktonic morphotypes. Photographic documen-
tation of stratigraphically important taxa and, prior to 
isotopic analysis, foraminiferal test preservation was 
conducted with a Zeiss Σigma VP field emission scan-
ning electron microscope (FE-SEM) at the Faculty of 
Geology, University of Warsaw.

Five samples were analyzed for calcareous di-
nocysts (c-dinocysts) (Table 1). Ten g of sediment 
were disintegrated in Glauber’s salt. Obtained resi-
dues were cleaned in an ultrasonic bath and sieved 
into three fractions: <20 µm, 20–75 µm, and 75–
125 µm. C-dinocyst specimens were picked from 
the 20–125 µm fractions, using a standard optical 
binocular microscope. Taxonomic identification was 
conducted with a HITACHI 3-4700 scanning elec-
tron microscope (SEM) at the Laboratory of Field 
Scanning Emission Microscopy and Microanalysis 
at the Institute of Geological Sciences, Jagiellonian 
University. The specimens were coated with gold and 
observed under secondary electron mode, with accel-
eration voltage set to 20 keV under high vacuum and 
a work distance of approximately 13.0 mm (12.4 to 
14.4 mm). For c-dinocyst taxonomic identification, 
selected morphologic characters – including, but not 
limited to, shape, size, aperture, and wall ultrastruc-
ture – were observed. In particular, wall structure 
formed the basis for c-dinocyst classification. Four 
cyst wall ultrastructure styles, based on crystal orien-
tation within the wall, were recognized: pithonellid, 
radial, oblique, and tangential (Keupp 1987; Kohring 
1993; Young et al. 1997).

Sedimentary organic matter was extracted from 
70 g of dry sediment. The samples were processed 
using standard palynological preparation techniques 
(hydrochloric and hydrofluoric acid treatments with 
repeated decantation, heavy liquid separation). The 
extracted organic residues were sieved through a 
15 μm nylon mesh and concentrated via centrifuga-
tion. A drop of macerate obtained from each sample 
was mounted on a slide using gly cerin jelly, and 
overlain with a 20×20 mm coverslip. Identification 
and counting of palynomorphs and other kerogen 
particles was conducted under a transmitted light 
microscope (three slides per sample were exam-
ined). The classification of sedimentary organic 
matter follows Tyson (1993, 1995); kerogen particles 
were subdivided into the following categories: (1) 
opaque phytoclasts (black woody tissue); (2) trans-
lucent phytoclasts (brown woody tissue completely 
translucent to translucent only at the edges); (3) cu-
ticle (leaf tissue); (4) palynomorphs (marine- and 
terrestrially- derived organic- walled microfossils, 
such as dinocysts, acri tarchs, marine and freshwa-
ter algae, foramini feral organic linings, spores, and 
non-saccate and saccate pollen grains); and (5) amor-
phous organic matter (AOM). The palynomorph tax-
onomy follows Fensome et al. (2019). Kerogen parti-
cle abundances are given as the number of particles 
counted per slide.

The investigated foraminifera and organic-walled 
dinoflagellate cysts are housed at the S.J. Thugutt 
Geological Museum, Faculty of Geology, University 
of Warsaw, collection no. MWGUW ZI/67, while the 
c-dinocysts are housed at the Institute of Biology and 
Earth Sciences, Pedagogical University of Krakow, 
collection no. UPKG/1/2023.

For δ13C and δ18O isotopic analyses, 30 monospe-
cific foraminiferal test samples, 15 containing the 
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Table 1. Distribution of calcareous dinocysts in the Belgorod section. Explanations: VR – very rare, R – rare, F – frequent.
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planktonic foraminifera Globigerinelloides prairiehil-
lensis Pessagno, 1967 (50 specimens per sample) and 
15 containing the benthic foraminifera Gyroidinoides 
globosus (Hagenow, 1842) (10 specimens per sample), 
were prepared. Isotope analyses were conducted at 
the GeoZentrum Nordbayern, University of Erlangen-
Nuremberg, Germany. Samples were reacted with 
100% phosphoric acid at 70ºC in a Gasbench II 
connected to a ThermoFisher Delta V Plus isotope 
ratio mass spectrometer (IRMS). All δ18O and δ13C 
values are reported in per mil relative to VPDB. 
Reproducibility and accuracy were monitored by 
replicate analyses of laboratory standards, calibrated 
by assigning δ13C values of +1.95‰ to NBS19 and 
-47.3‰ to IAEA-CO9, and δ18O values of -2.20‰ to 
NBS19 and -23.2‰ to NBS18. Reproducibility (1σ) 
over the course of sample analyses was better than 
±0.06‰ for δ13C and ±0.07‰ for δ18O.

RESULTS

Foraminiferal assemblages

The investigated deposits yielded diverse, abun-
dant, and well-preserved planktonic and benthic for-
aminifera (Text-figs 3–5). Foraminiferal assemblages 
are relatively similar throughout the studied succes-
sion, with only minor variation. Benthic foramin-
iferal assemblages are more taxonomically diverse 
than their planktonic counterparts and dominated by 
6 calcareous genera: Cibicidoides Thalmann, 1939, 
Gavelinella Brotzen, 1942, Globorotalites Brotzen, 
1942, Gyroidinoides Brotzen, 1942, Osangularia 
Brotzen, 1940, and Stensioeina Brotzen, 1936 (Text-
fig. 6), of which only Osangularia is not a thick-walled 
morphotype. Calcareous forms account for 70.59% 
(sample 5) to 87.32% (sample 4) of the benthic for-

Text-fig. 3. SEM images of the foraminifera Globorotalites Brotzen, 1942 lineages from the Belgorod section. A, C – G. michelinianus (d’Or-
bigny, 1840), A – MWGUW ZI/67/82.10, sample 2, C – MWGUW ZI/67/82.05, sample 2. B, E – Globorotalites sp. 1 (transitional form be-
tween G. michelinianus and G. emdyensis), B – MWGUW ZI/67/82.03, sample 14; E – MWGUW ZI/67/82.09, sample 14. D, F – G. emdyensis 

Vasilenko, 1961, D – MWGUW ZI/67/82.07, sample 14; F – MWGUW ZI/67/82.02, sample 14.
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aminifers. Large epifaunal morphotypes, including 
Gavelinella, Globorotalites, and Stensioeina, repre-
sent approximately 23% of the benthic foraminiferal 
assemblages. In general, there is no dominant benthic 
foraminiferal genus except Globorotalites, which ac-

counts for 37.87% of specimens in sample 10. All 
assemblages contain Lagenida Delage and Hérouard, 
1896, although its representatives do not exceed an 
average of 3% of benthic forms. Infaunal genera are 
represented by both agglutinated (Ataxophragmium 

Text-fig. 4. SEM images of selected benthic foraminifera from the Belgorod section. A, F – Gavelinella monterelensis (Marie, 1941), A – 
MWGUW ZI/67/82.12, sample 5; F – MWGUW ZI/67/82.29, sample 7. B – Gavelinella annae (Pożaryska, 1954), MWGUW ZI/67/82.13, 
sample 5. C–E – Cibicidoides voltzianus (d’Orbigny, 1840), C – MWGUW ZI/67/82.30, sample 7; D – MWGUW ZI/67/82.32, sample 7; 
E – MWGUW ZI/67/MF1-017, sample 13. G, H – Stensioeina pommerana Brotzen, 1936, G – MWGUW ZI/67/MF1-011, sample 6; H – 
MWGUW ZI/67/MF1-012, sample 2. I, J – Gavelinella pertusa (Marsson, 1878), I – MWGUW ZI/67/MF1-022, sample 11; J – MWGUW 
ZI/67/MF1-023, sample 8. K – Gavelinella ex. gr. clementiana (d’Orbigny, 1840), MWGUW ZI/67/MF1-024, sample 5. L – Neoflabellina 

rugosa (d’Orbigny, 1840), MWGUW ZI/67/82.01, sample 14.
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Reuss, 1860, Plectina Marsson, 1878) and calcare-
ous (Praebulimina Hofker, 1953) taxa, and consti-
tute, on average, 5.37% of all benthic foraminifera. 
They are, however, somewhat more abundant in 
samples 5 (12.35%) and 14 (10.09%). The infauna is 
dominated by Praebulimina (average 64.35% of all 

benthic taxa). 93.75% of the examined foraminifera 
are calcareous. Increased agglutinated abundance is 
noted only in samples 10 (10.04%) and 13 (19.35%). 
The agglutinated forms are poorly diversified and 
represent the following genera: Ataxophragnium, 
Plectina, Spiroplectammina Cu sh man, 1927b, Tro-

Text-fig. 5. SEM images of selected planktonic foraminifera from the Belgorod section. A, B – Archaeoglobigerina bosquensis Pessagno, 1967, 
A – MWGUW ZI/67/82.15, sample 5, B – MWGUW ZI/67/82.16, sample 5. C – Planoheterohelix globulosa (Ehrenberg, 1840), MWGUW 
ZI/67/MF1-017, sample 9. D – Archaeoglobigerina blowi Pessagno, 1967, MWGUW ZI/67/82.17, sample 5. E – Globigerinelloides prai-
riehillensis Pessagno, 1967, MWGUW ZI/67/82.19, sample 3. F – Contusotruncana fornicata (Plummer, 1931), MWGUW ZI/67/82.04, 
sample 14. G, I – Globotruncana bulloides Vogler, 1841, G – MWGUW ZI/67/82.08, sample 2, I – MWGUW ZI/67/82.25, sample 12. 
H– Globotruncana hilli Pessagno, 1967, MWGUW ZI/67/82.28, sample 12. J – Globigerinelloides multispinus (Lalicker, 1948), MWGUW 

ZI/67/82.26, sample 5.
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cha mmina Parker and Jones, 1859, emended Brön ni-
man and Whittaker, 1983, and Areno bulimina Cush-
man, 1927a. The genus Areno bulimina is dominant, 
composing on average 63% of agglutinated assem-
blages, and is the only genus consistently observed 
in all studied samples. The percentage of planktonic 
foraminifera in the fora miniferal assemblages ranges 
from 5.62% (sample 10) to 31.73% (sample 5).

Planktonic foraminiferal assemblages are com-
posed of 4 major morphogroups (Text-fig. 2): bise-
rial (Heterohelicidae Cushman, 1927b), planispiral 
(Globigerinelloididae Longoria, 1974), trochospiral 
(Rugoglobigerinidae Subbotina, 1959), and keeled 
(Globotruncanidae Brotzen, 1942). The biserial het-
erohelicids almost entirely consist of the species 
Planoheterohelix globulosa (Ehrenberg, 1840) and 
occur in all samples. Because of their small size, they 
are abundant in the <100 µm fraction; as such, the 
relative proportion of biserial foraminifera within 
planktonic foraminiferal assemblages was not con-
sidered. The planispiral morphogroup is composed 
of Globigerinelloides prairiehillensis and G. multis-
pinus (Lalicker, 1948), which on average compose 
47.62% of planktonic assemblages. They are least 
abundant in sample 10 (14.29%) and most abundant 

in sample 15 (80.33%). The trochospiral morphogroup 
(Archaeoglobigerina bosquensis Pessagno, 1967; 
A. blowi Pessagno, 1967) constitutes an average of 
36.25% of the observed planktonic assemblages, vary-
ing from 11.27% (sample 12) to 58.82% (sample 2). The 
keeled morphogroup, composed of Contusotruncana 
fornicata (Plummer, 1931), Globotruncana bulloides 
Vogler, 1941, and Globotruncana hilli Pessagno, 1967, 
on average composes 16.13% of planktonic assem-
blages. It is absent in sample 5 and most abundant in 
sample 10 (57.14%).

Sedimentary organic matter

All analyzed samples yielded very low sedimentary 
organic matter concentrations – indeed, some samples 
are virtually barren. Given the scarcity of organic mat-
ter in the studied material, it was not deemed possible 
to perform a reliable palynofacies analysis. For the 
same reason, biostratigraphic and paleoenvironmental 
analyses based on palynomorph composition could not 
be performed, as both require at least 300 kerogen/
palynomorph particles per sample. Nevertheless, the 
relative abundance of particular sedimentary organic 
matter constituents varies significantly throughout the 

Text-fig. 6. Changes in benthic foraminiferal assemblages of the Belgorod chalk succession. The columns refer to: (A) chronostratigraphy; 
(B) benthic foraminiferal zonation after Dubicka (2015); (C) inoceramid zonation after Walaszczyk et al. (1997, 2016); (D) benthic fora-
miniferal zonation after Beniamovski (2007, 2008); (E) benthic foraminiferal zonation after Olfer’ev and Alekseev (2003) and Olfer’ev et 
al. (2004); (F) lithological column with sample locations; (G) vertical ranges of stratigraphically important benthic foraminifera; (H) rela-
tive abundances of dominant and common genera and species within benthic foraminiferal assemblages; and (I) calcareous-to-agglutinated 

benthic foraminifera ratio.
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succession, and the analysis of their distribution can 
provide useful paleoenvironmental data.

Translucent and opaque phytoclasts are the most 
frequent kerogen particles in the studied material 
(see Text-fig. 2). While they present in all analyzed 
samples, they are most common in samples 1, 6–8, 
and 12 (sample 7 yielded the highest phytoclast 
concentration). The palynomorphs are pale yellow 
and very rare; they are represented exclusively by 
organic-walled marine phytoplankton (dinocysts), 
have only been found in samples 1, 6–10, and 12, 
with the highest abundance in sample 7 (Text-fig. 2), 
and are of low taxonomic diversity. The dinocysts 
are mostly fragmented (only a few complete speci-
mens were found), rendering it difficult to identify 
cysts at species or genus level. Nevertheless, the 

organic-walled dinocysts are predominantly of go-
nyaulacoid affinity (autotrophic forms), while per-
idinioid dinoflagellate cysts are apparently absent. 
Batiacasphaera solida Slimani, 2003, Circulodinium 
distinctum (Deflandre and Cookson, 1955) Janso-
nius, 1986, Heterosphaeridium heteracanthum (Def-
landre and Cookson, 1955) Eisenack and Kjell ström, 
1972, Kallosphaeridium sp., Oligosphaeridium com-
plex (White, 1842) Davey and Williams, 1966, and 
Pervosphaeridium cf. intervelum Kirsch, 1991 were 
identified (Text-fig. 7); all are long-ranging species 
and biostratigraphically not significant in the studied 
interval. AOM is almost completely absent from the 
present material; no cuticular particles, sporomorphs, 
marine or freshwater algae, or foraminiferal organic 
linings were found.

Text-fig. 7. Photomicrographs of phytoclasts (A–E), AOM (F), and organic-walled dinoflagellate cysts (G–N) from the Belgorod section. A, 
B – Opaque phytoclasts, sample 7. C, D – Translucent phytoclasts, sample 7. E – Translucent phytoclast, sample 8. F – AOM, sample 10. G, H 
– Batiacasphaera solida Slimani, 2003, sample 6. I – Kallosphaeridium sp., sample 12. J – Circulodinium distinctum (Deflandre and Cookson, 
1955) Jansonius, 1986, sample 7. K, L – Heterosphaeridium heteracanthum (Deflandre and Cookson, 1955) Eisenack and Kjellström, 1972, 
sample 8. M – Pervosphaeridium cf. intervelum Kirsch, 1991, sample 9. N – Oligosphaeridium complex (White, 1842) Davey and Williams, 

1966, sample 7. All photomicrographs taken using a transmitted-light microscope. Scale bars equal 20 μm.
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Calcareous dinoflagellate cysts

C-dinocysts were yielded in all studied samples 
(Table 1 and Text-fig. 8). However, the assemblages 
are generally of low abundance and poorly diversi-
fied. Eleven species, belonging to four genera, were 
recognized (Text-fig. 8): Fuettererella deflandrei 
(Kamptner, 1956) Hildebrand-Habel and Streng, 2003; 
Lentodinella danica Kienel, 1994; Orthopithonella 
aff. gustafsonii (Bolli, 1974) Lentin and Williams, 
1985; Orthopithonella porata (Keupp, 1982) Lentin 
and Williams, 1985; Orthopithonella sp. A (Keupp 
and Mutterlose, 1984) Streng, Hildebrand-Habel 
and Willems, 2002; Orthopithonella sp. B; Ortho-
pithonella sp. C; Pirumella edgarii (Bolli, 1974) Lentin 
and Williams, 1993; Pirumella cylindrica (Pflaumann 
and Krasheninnikov, 1978) Lentin and Williams, 
1993; Pirumella loeblichii (Bolli, 1974) Lentin and 
Williams, 1993; and Pirumella thayeri (Bolli, 1974) 
Lentin and Williams, 1993.

The recorded forms represent four different 
wall ultrastructures: oblique, pithonelloid, radial, 
and tangential. The radial wall is represented by 
Orthopithonella spp., the oblique wall by Pirumella 
spp. (Bolli, 1980) Streng, Basanova, Rehakova and 
Willems, 2009, the pithonelloid wall by L. danica, and 

the tangential wall by F. deflandrei. A slightly higher 
species diversity of radial forms than oblique forms 
is observed in samples 3, 9, and 11. Their species 
diversity is equal in sample 5, while in sample 15 the 
species diversity of oblique forms is slightly higher 
than the radial forms. While specimen abundance 
is relatively low in the studied samples, the richest 
c-dinocyst community is in sample 15; less rich com-
munities occur in samples 3 and 5, and c-dinocysts 
are rare in samples 9 and 11 (Table 1). The highest 
species diversity is noted in sample 15 (9 specimens), 
while the lowest diversity is noted in samples 11 and 9 
(5 and 6 species, respectively). Most recognized spe-
cies are long ranging. However, Pirumella cylindrica 
is biostratigraphically important, as it ranges from 
the Campanian to the Maastrichtian (Pflaumann 
and Krasheninnikov 1978). Lentodinella danica is 
also potentially of biostratigraphic importance, with 
its first occurrence in the Campanian (Streng et al. 
2004) and a last occurrence in the Danian of the early 
Paleocene (Wendler and Willems 2002).

Foraminiferal test δ13C and δ18O values

δ13C and δ18O analyses were performed on 
mono  specific Gyroidinoides globosus (benthic) and 
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Identifier
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P30 T30 1.20 -1.99
14 B14 G14 1.71 -0.20 P29 T29 2.01 -1.17
13 B13 G13 1.84 -0.08 P28 T28 2.31 -1.14
12 B12 G12 1.51 0.05 P27 T27 1.91 -1.55
11 B11 G11 1.69 -0.06 P26 T26 1.88 -1.46
10 B10 G10 1.50 0.11 P25 T25 2.25 -1.16
9 B9 G9 1.85 0.20 P24 T24 2.33 -2.47
8 B8 G8 1.58 0.14 P23 T23 1.98 -1.58
7 B7 G7 1.38 0.02 P22 T22 1.80 -1.31

G
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el
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la
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nn

ae 6 B6 G6 1.52 -0.10 P21 T21 2.28 -1.13
5 B5 G5 1.68 -0.07 P20 T20 2.28 -1.28

1/0 B1 G1 1.70 -0.02 P18 T18 2.33 -1.23
2 B2 G2 1.83 0.31 P16 T16 2.23 -1.43
3 B3 G3 1.87 0.05 P17 T17 2.63 -1.15
4 B4 G4 1.87 0.27 P19 T19 2.10 -1.46

Table 2. δ13C and δ18O data for foraminiferal tests from the Belgorod section.

Text-fig. 8. SEM photomicrographs of c-dinocysts from the Belgorod section. A, B – Lentodinella danica Kienel, 1994, sample 15. C, D – 
Fuettererella deflandrei (Kamptner, 1956) Hildebrand-Habel and Streng, 2003, sample 15. E – Orthopithonella aff. gustafsonii (Bolli, 1974) 
Lentin and Williams, 1985, sample 5. F – Orthopithonella porata (Keupp, 1982) Lentin and Williams, 1985, sample 3. G – Orthopithonella 
sp. A, sample 15; G1 – magnified view of test wall, showing internal texture. H – Orthopithonella sp. B, sample 15; H1 – magnified view of 
test surface, showing calcite crystals. I, J – Orthopithonella sp. C, samples 9 (I) and 5 (J). K, L – Pirumella edgarii (Bolli, 1974) Lentin and 
Williams, 1993, samples 3 (K) and 15 (L); M, N – Pirumella cylindrica (Pflaumann and Krasheninnikov, 1978) Lentin and Williams, 1993, 
samples 5 (M) and 15 (N); M1 – magnified view of cysts showing internal texture of the wall. O, P – Pirumella loeblichii (Bolli, 1974) Lentin 

and Williams, 1993, samples 3 (O) and 15 (P); R – Pirumella thayeri (Bolli, 1974) Lentin and Williams, 1993, sample 15.

→



672 MICHAŁ FĄFARA ET AL. 

Globigerinelloides prairiehillensis (planktonic) sam-
ples. The studied foraminiferal tests were devoid of 
sediment infilling and were excellently preserved. 
The pores were open, with no internal sediment 
or mineral phase crystallization. The test textures 
displayed original nanotextures (see Dubicka 2019) 
with no evidence of dissolution or recrystallization. 
δ13C values are consistently higher for the planktonic 
taxon than for the benthic taxon (Text-fig. 2; Table 2), 
while δ18O values are consistently higher in the ben-
thic foraminifera. δ18O values vary between -2.47‰ 
(sample 9) to -1.13‰ (sample 6) for Gl. prairiehillen-
sis (average -1.43‰) and from -0.25‰ (sample 15) to 
0.31‰ (sample 2) for G. globosus (average 0.02‰). 
δ13C values rise from 1.20‰ (sample 15) to 2.63‰ 
(sample 3) for Gl. prairiehillensis (average 2.1‰) and 
from 1.23‰ (sample 15) to 1.87‰ (sample 4 and 3) 
for G. globosus (average 1.65‰). δ13C values of both 
taxa fluctuate with a ⁓0.6‰ amplitude throughout 
the entire profile, with the lowest δ13C values in sam-
ples 7 and 15. The planktonic δ18O curve fluctuates 
more than the corresponding benthic curve, which 
is comparatively stable. Intriguingly, the planktonic 
δ18O curve generally corresponds with increasing/
decreasing trends in the δ13C curves.

DISCUSSION

Biostratigraphy

The studied samples yielded stratigraphically 
important benthic foraminifera: Gavelinella annae 

(Pożaryska, 1954), Gavelinella monterelensis (Marie, 
1941), Globorotalites michelinianus (d’Orbigny, 1840), 
Globorotalites emdyensis Vasi lenko, 1961, Gavelinella 
ex. gr. clementiana (d’Orbigny, 1840) and Neoflabellina 
rugosa (d’Orbigny, 1840) (Text-fig. 4; see Text-fig. 9 for 
ranges of the first four taxa). These taxa are indicative 
of the upper LC14b and lower LC15 zones proposed 
for the Russian Platform (Beniamovskiy et al. 2012, 
2014) and the upper Gavelinella annae Zone and lower 
Globorotalites emdyensis Zone in the Polish Lowlands 
foraminiferal zonation (Dubicka 2015; Walaszczyk 
et al. 2016). The zonal boundaries lie in the middle 
of the studied succession (between samples 6 and 7), 
at the first occurrence of G. emdyensis (Text-fig. 6). 
The foraminiferal- based stratigraphic position of the 
studied section correlates with the upper ‘Inoceramus’ 
azerbaydjanensis–‘Inoceramus’ vorhelmensis inoce-
ramid Zone (Walaszczyk 1997), corresponding to the 
Middle Campanian in the American tripartite stage 
subdivision (see Walaszczyk et al. 2008).

The very unusual deep-water planktonic foramin-
iferal community, the paucity of terrigenous material 
(Beniamovskiy et al. 2014) and the higher species di-
versity of obliquipithonelloids (oblique wall c-dino-
cyst group) compared to orthopithonelloids (radial 
wall c-dinocyst group) (Keupp 1993; Kohring 1993) 
suggest that the Belgorod chalk was deposited during 
a sea-level highstand. This eustatic high observed in 
the Belgorod section corresponds to transgressive 
peak no. 2 of Hancock (1989, 1993). In north-western 
Europe, this peak is placed in the Middle Campanian 
Belemnitella mucronata Zone (Reid 1973; Hancock 
1989), and the same age is recognized in Lower Saxony, 

Text-fig. 9. Stratigraphic position of the Belgorod chalk (dark grey area) and correlation of the Belgorod Formation with the Campanian trans-
gressive peak no. 2. G. qu. – Gonioteuthis quadrata.
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north-central Germany (Niebuhr et al. 1997; Niebuhr 
1999; Niebuhr and Reich 2004). In Poland, peak no. 2 
is observed in the lower Neancyloceras phaleratum 
Zone of Błaszkiewicz (1980) in the Middle Vistula 
River section (Christensen 1990; Hancock 1993) near 
Sulejów, corresponding to the Globorotalites em-
dyensis foraminiferal Zone (Walaszczyk et al. 2016). 
In North America, the Middle Campanian peak cor-
relates with: (i) the middle of the Claggett Shale, (ii) 
the uppermost Baculites mclearni Zone of Montana, 
and (iii) the Pecan Gap Chalk of Texas (Hancock 1993).

Water depth versus distance from the shoreline: 
impacts on chalk deposition

The Belgorod chalk is a very unique lithofacies 
compared to other regional Cretaceous deposits: 
it contains the highest amount of calcium carbon-
ate (c. 95%) and the lowest amount of terrigenous 
material of the entire Middle Campanian to upper 
Maastrichtian succession in central European Russia 
(Beniamovskiy 2014).

Chalk is the most characteristic Cretaceous litho-
facies, with vast distributions in both hemispheres 
(Skelton 2003). It was the most abundant limestone 
lithofacies in mid-latitudinal epicontinental seas 
during the Late Cretaceous eustatic highstand. Chalk 
largely consists of tiny calcitic coccolithophore skel-
etons, with an admixture of other calcite bioelements 
(e.g., foraminiferal tests, inoceramid prisms, calci-
spheres) that accumulated as ooze. Since the Eocene, 
calcareous ooze almost exclusively forms in oceanic 
deposits, so the massive accumulation of chalk over 
vast areas of inundated continental seas is rather non-
uniformitarian. The depositional setting(s) of chalk 
facies, especially with regard to paleobathymetry, 
are still contested (see, e.g., Puckett 1991). In the 
Cretaceous, chalk could have been deposited along 
a variety of depths, ranging from shallow-water to 
relatively deep-water settings. The maximum depth 
for calcareous ooze accumulation is limited by the 
carbonate compensation depth, which latitudinally 
varies from ~4,000 m in the tropics to several hun-
dred meters in the Southern Ocean. The minimum 
water depth of Cretaceous chalk is limited by the 
position of the storm wave base, estimated for mod-
erate to high storm settings to approximately 90 m 
(Lasseur et al. 2009). Different premises lead to 
even shallower minimum chalk paleobathymetry, 
for instance 65–90 m (Puckett 1991) or 50 m depth 
(Kennedy 1970). In general, however, the average 
bathymetric position of chalk is mostly estimated to 
lie between approximately 80 and 600 m depth (Reid 

1968; Hancock 1975). However, as chalk is a purely 
calcareous sediment deposited with minimal terrig-
enous influx, distance from the shoreline is also an 
important factor controlling the distribution of chalk 
sedimentation. In general, chalk occupies a more dis-
tal, deeper water position than opoka (spiculitic lime-
stone) or gaize (carbonate with higher detrital quartz 
content) when these facies are present in a single 
facies tract (Walaszczyk and Remin 2015; Machalski 
and Malchyk 2019). That is, the main factors influ-
encing lithofacies distribution in Cretaceous basins 
were distance from the shoreline and topography 
(Leszczyński 2010, 2012). Therefore, chalk was a 
characteristic epicontinental facies during sea-level 
highstands, when emergent land areas were reduced 
(Wiese et al. 2015). An excellent example is pro-
vided by the Maastrichtian of the Middle Vistula 
River section (see Pożaryski 1948 for detailed de-
scription and stratigraphy), which captures a max-
imum in sea-level (Dubicka and Peryt 2012) corre-
sponding to global Peak 4 of Hancock (1993) and 
the “junior Transgression” of Niebuhr (1995). In the 
Vistula section, this event coincides with the disap-
pearance of opoka – the dominant facies in the up-
per Campanian–Maastrichtian succession – and the 
development of chalk facies with no detrital quartz, 
glauconite, or sponge spicules. Likewise, during 
the late Cenomanian and Turonian, pelagic calcare-
ous nannofossil ooze was widely distributed on the 
European shelf during the peak Cretaceous trans-
gression (Wiese et al. 2015).

That being acknowledged, chalk can also constitute 
a relatively shallow facies, as documented by the upper 
Turonian chalk in Dubivtsi Quarry south of Halych 
(Western Ukraine), deposited under <100 m depth. 
Intriguingly, this comparatively shallow chalk is a very 
pure calcareous facies (97.8% to 99.9% CaCO3), with 
almost no detrital contribution (Dubicka et al. 2014). 
The genesis of this phenomenon becomes clear in the 
context of the Cretaceous paleogeography and tectonic 
evolution of western Ukraine. During the Turonian, 
western Ukraine and eastern Poland were covered by 
a wide epicontinental sea that freely connected with 
the Tethys to the south. The nearest coastline, associ-
ated with the emergent Ukrainian Shield, was at least 
300 km away (Pasternak et al. 1968; Scotese 2014). 
Importantly, this is a comparable distance to that be-
tween the Lower Saxony Basin and the nearest land 
masses during the Turonian, during which the Salder 
Formation was composed of up to 90% CaCO3 (Wiese 
et al. 2015). Beginning in the latest Turonian, west-
ern Ukraine was impacted by Subhercynian tectonic 
movements related to compressional stress transmit-
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ted into the foreland from the Alpines (Vejbæk and 
Andersen 2002). Consequently, the area southwest of 
the Dubivtsi section was uplifted and transformed into 
the “Kukernitz Island” of Pasternak (1959), which sub-
sequently supplied terrigenous material to the studied 
basin (Pasternak et al. 1968, 1987).

Similarly, the Belgorod chalk is characterized by 
a very high CaCO3 content (c. 95%), with only minor 
non-carbonate contributions (Beniamovskiy 2014). 
In conjunction with previous work on mineralogical 
composition, our observations of (i) very low terres-
trially-sourced plant debris concentrations (translu-
cent and opaque phytoclasts), (ii) the lack of cuticular 
material, and (iii) the absence of sporomorphs indi-
cate that the basin was quite distal from any emergent 
land. It is consistent with the onset of a sea-level 
highstand, as supported by (i) diverse, deep-dwelling 
planktonic foraminiferal communities with relatively 
high ratios of keeled forms, such as Globotruncana 
Cushman, 1927b and Contusotruncana Korchagin, 
1982, and (ii) higher species diversity of obliquip-
ithonelloids compared to orthopithonelloids (see 
Keupp 1993; Kohring 1993). This planktonic for-
aminiferal community suggests that water depth 
during deposition was greater than 100 m (see Hart 
and Bailey 1979; Caron and Homewood 1983; Leckie 
1987; Rebotim et al. 2017). In this context, it is worth 
observing that Savko and Ivanova (2009) interpreted 
the paleodepth of the Belgorod chalk as approxi-
mately 400 m. Nevertheless, despite the absence of 
robust, absolute paleobathymetry, a significant sea-
level rise seems to be plausible and supported by both 
lithological and paleontological records. It tempo-
rally corresponds with peak no. 2 of Hancock (1993), 
a Middle Campanian sea-level highstand recognized 
in central and north-western Europe (Hancock 1989; 
Niebuhr et al. 1997; Niebuhr 1999, 2006; Kaplan 
2004; Niebuhr and Reich 2004), the US Western 
Interior (Hancock 1993), and possibly New Zealand 
(Schiøler et al. 2002).

An oligotrophic continental shelf setting

The low concentration of terrestrially-sourced 
plant debris (translucent and opaque phytoclasts) in 
the present material, and the complete absence of 
cuticular material and sporomorphs, indicate that 
the studied succession was deposited at a consider-
able distance from the shore. Given that rich dino-
cyst assemblages are commonly reported in chalk 
facies (e.g., Schiøler and Wilson 1993; Slimani 2001; 
Surlyk et al. 2013), the scarcity of organic-walled 
marine phytoplankton in the present material may 

appear surprising, especially as they are exclusively 
represented by rare gonyaulacoid (autotrophic) dino-
cysts. It should be noted that dinoflagellates flourish 
in relatively shallow marine settings; their highest 
diversities are reached along continental margins 
and decrease significantly offshore (e.g., Pross and 
Brinkhuis 2005; de Vernal et al. 2020). Therefore, 
their poor representation in an open marine basin, 
in particular a distal offshore environment, is under-
standable. Indeed, a comparable relationship between 
deeper water, more offshore conditions (related to 
second-order maximum flooding) and low palyno-
morph abundance and dinocyst diversity is well doc-
umented in the Campanian chalk of the Paris Basin 
(Pearce et al. 2022).

Peridinioid dinocysts were not observed in the 
present material. In contrast to autotrophic dinocysts, 
many peridinioids are heterotrophs (e.g., Harland 
1988), and most commonly occur in nutrient-rich set-
tings, such as estuarine systems and upwelling zones 
(e.g., Wall et al. 1977; Powell et al. 1992; Prauss 2000); 
they are rare and/or completely absent in oligotrophic 
environments (e.g., Olde et al. 2016). Likewise, fora-
miniferal organic linings and prasinophyte algae tend 
to be more abundant in high-productivity areas (e.g., 
Powell et al. 1996; Prauss 2000; Hardy and Wrenn 
2009). Hence, the absence of peridinioid dinocysts, 
prasinophyte algae, and foraminiferal organic linings 
in this section is consistent with a eustatic highstand 
interpretation. Very low AOM concentrations are also 
consistent with a highstand, since AOM is generated 
by microbes via the degradation of marine phyto-
plankton, fecal pellets, and organic aggregates (e.g., 
Tyson 1995). In principle, poor dinocyst recovery can 
be driven by extremely high bottom water oxygen 
levels and/or thermal maturation. The latter can cer-
tainly be excluded, since all of the palynomorphs are 
pale yellow, suggesting little to no thermal maturation 
(e.g., Tyson 1993). Bottom water oxygenation may, 
however, be an important factor controlling the local 
palynological record (e.g., Pross 2001; Zonneveld et 
al. 1997). Prolonged exposure of deposited organic 
matter to oxygen may cause intra- and/or post-dep-
ositional oxidation, resulting in the aerobic degrada-
tion of palynomorphs (e.g., Zonneveld et al. 1997, 
2008; Radmacher and Uchman 2020; Radmacher et 
al. 2021). While the benthic foraminifera recovered 
from the present material are indicative of a highly 
oxygenated environment, aerobic degradation of pal-
ynomorphs was most likely not an important consid-
eration. The lack of any physical signs of reduced sed-
imentation rates (e.g., glauconite, hardgrounds, fossil 
accumulations) suggests a relatively high sedimenta-
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tion rate that hindered sediment oxygen penetration, 
thus impeding organic matter degradation (Zonneveld 
et al. 1997). Additionally, aerobic degradation would 
have resulted in the oxidation of translucent woody 
material and its transformation into opaque phyto-
clasts, leading to the dominance of the latter in mi-
croscopic plant debris assemblages (e.g., Tyson 1993; 
Radmacher et al. 2021); this is not observed here. 
The scarcity of organic-walled dinoflagellate cysts 
is even more surprising, considering that the other 
microplankton groups (calcareous nannofossils and 
foraminifers) are well represented. However, when 
calcareous nannofossils are most abundant in pelagic 
carbonates, the associated organic matter content 
may simply be diluted by very high carbonate con-
centrations. Moreover, the highest relative nannofos-
sil abundances are noted under oligotrophic oceanic 
conditions (Bown et al. 2004). In deeper, more distal 
settings with strongly limited nutrient availability, 
conditions would be unfavorable even for autotrophic 
dinoflagellates.

Collectively, it appears that dinoflagellates and 
other organic-walled phytoplankton were simply rare, 
or even absent, from this part of the basin. The ex-
istence of oligotrophic conditions is also supported 
by benthic foraminifera, which in all studied samples 
are dominated by calcareous epifaunal forms with 
large, thick-walled, and low-trochospiral tests, i.e., 
Cibicidoides voltzianus (d’Orbigny, 1840), Gavelinella 
sp., Globorotalites michelinianus, Stensioeina pom-
merana Brotzen, 1936, with few agglutinated and in-
faunal species. According to the foraminiferal TROX 
model (Kaiho 1991; Jorissen et al. 1995; Van der 
Zwaan et al. 1999), these large, calcareous epifaunal 
forms are a good proxy for highly oxygenated, oligo-
trophic environments. The very low ratio of aggluti-
nated and infaunal forms is also suggestive of organ-
ic-poor sediments and low biological productivity (see 
Dubicka et al. 2014).

Analogous paleoceanographic conditions have 
been observed through the late Cenomanian and early 
Turonian in the Anglo-Paris Basin (Gale et al. 2000; 
Linnert et al. 2010), where the onset of pure chalk fa-
cies started during a transgression that triggered oligo-
trophic conditions. The highly oligotrophic Turonian 
blue-water system on the European shelf, extending 
from England to Russia (the pelagic European epicon-
tinental sea; Wiese et al. 2015, 2018), was associated 
with widespread chalk or chalk-like calcareous nan-
noplankton/foraminifera/c-dinocyst deposits. These 
facies were associated with the peak Cretaceous trans-
gression (Wiese et al. 2015), before the extensive Late 
Cretaceous basin inversions in Central Europe (see 

Voigt et al. 2021) during the Coniacian–Campanian 
that resulted in a widespread transition from hemipe-
lagic limestones to marly sediments.

High-order sea-level fluctuations reflected  
in microfossil and isotopic records

Although low in all analyzed samples, sedimen-
tary organic matter concentrations vary significantly 
throughout the succession. The highest abundances 
(predominantly dinocysts and translucent and opaque 
phytoclasts) are observed in samples 6–8 (Text-fig. 2); 
sample 7 has the richest phytoclast and palynomorph 
record. Collectively, this suggests that samples 6–8 
capture an interval of relatively increased terrestrial 
organic matter input and higher organic-walled dino-
flagellate cyst productivity. Consequently, it is inter-
preted as a shallower, more proximal interval than the 
remainder of the studied succession. Likewise, plank-
tonic foraminifera assemblages are highly depleted in 
deep-dwelling forms in this interval. And, moreover, a 
higher diversity of radially-walled orthopithonelloids 
compared to obliquely-walled obliquipithonelloids 
(Keupp 1993; Kohring 1993) is observed in samples 3, 
9, and 11, suggestive of deeper and/or more offshore 
conditions below and above the discussed interval. 
The equal species diversity of radial and oblique wall 
species in sample 5, and the higher oblique/radial spe-
cies diversity ratio in sample 15, indicate shallowing 
of the basin during these intervals. High-order sea-
level oscillations are also reflected by the planktonic 
and benthic foraminifera δ13C and planktonic fora-
minifera δ18O records. Such trends are, however, not 
depicted in δ18O values for epifaunal foraminifera, 
which are more stable within the succession. The two 
negative δ13C peaks associated with the eustatic low-
stand intervals (samples 6–8 and 14–15) are probably 
related to an influx of 12C-enriched continental runoff 
via rivers, and potentially also via groundwater and 
aerosols (Kwon et al. 2021).

The transfer of carbon from terrestrial to oceanic 
environments (estimated at 1.4±0.5 GtC per year; 
Kwon et al. 2021) represents an important part of 
the global carbon cycle and an essential link between 
terrestrial, atmospheric and oceanic carbon pools, and 
therefore has a significant imprint on oceanic δ13C 
distribution (Chaplot and Mutema 2021). The major 
mechanism of terrestrial to oceanic carbon transfer is 
river runoff (c. 8.4 GtC per year; Chaplot and Mutema 
2021), the main driver of which is soil erosion (land 
degradation; e.g., Paustian et al. 2019). The global soil 
organic carbon pool is a significant carbon reservoir, 
containing 1400–1500 GtC – that is, twice the quantity 
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of carbon in the atmosphere and in all plant and ani-
mal life combined (Paustian et al. 2019). Most river-
ine dissolved carbon is inorganic (92%), with organic 
carbon forming a much smaller share (8%). In turn, 
this runoff does have an impact on seawater δ13CDIC 
(Chaplot and Mutema 2021), in particular during re-
gressive events that expose shelf areas, increase win-
nowing, and drive nutrient and dissolved inorganic 
carbon (DIC) input into basins. Any potential increase 
in biological productivity during sea-level lowstands 
(see Birch et al. 2013; Wendler et al. 2013; Dubicka 
et al. 2018) might not be strong enough to balance the 
negative δ13C input in this oligotrophic environment. 
Terrestrial organic matter is markedly depleted in 13C, 
with average δ13C values between -34‰ and -10‰ 
(Marwick et al. 2015) – markedly lower than seawater 
δ13C values, which characteristically range between 
-2‰ and -1‰ (Schmittner et al. 2017).

Interestingly, the positive and negative δ13C 
trends correspond with planktonic foraminifera δ18O 
trends, which capture changes in surface water δ18O 
(that is, above the thermocline). The synchronous 
negative δ13C and δ18O shifts might be linked with 
a freshwater and/or meteoric water influx, shifting 
the δ18O composition of surface waters to more neg-
ative values (Cooper et al. 2022). Additionally, the 
observed negative δ18O isotopic shift in planktonic 
foraminifera during sea-level fall might have been 
strengthened by the foraminiferal DIC effect – that is, 
the observation that the δ18O of planktonic foramin-
iferal tests decreases with increasing DIC concentra-
tions (see Spero et al. 1997).

CONCLUSIONS

Planktonic and benthic foraminifera, organic- 
wal led and calcareous dinocysts, sedimentary or-
ganic matter, and δ13C and δ18O values of benthic 
and planktonic foraminiferal tests have been stud-
ied in the Middle Campanian Belgorod succession 
(central European Russia) in the east-central North 
European epicontinental Basin, which records a sea-
level rise interpreted as a eustatic highstand corre-
sponding to the Campanian peak no. 2 of Hancock 
(1993). The studied succession represents the bound-
ary interval of the Gavelinella annae–Globorotalites 
emdyensis foraminiferal Zones, corresponding to the 
‘Inoceramus’ azerbaydjanensis–‘Inoceramus’ vor-
helmensis inoceramid Zone.

Open marine pelagic sedimentation resulted in 
the deposition of a pure chalk with insignificant ter-
rigenous material content. The limited terrestrial nu-

trient influx caused the development of oligotrophic 
conditions, controlling the distribution pattern of 
benthic foraminifera and organic-walled phytoplank-
ton communities.

The existence of a deep and open marine environ-
ment in the Belgorod succession is well-supported by: 
(1) the presence of deep-water planktonic foramin-
ifers such as Globotruncana and Contusotruncana; 
(2) very low terrestrially-derived plant debris (phy-
toclasts) concentrations; (3) the lack of cuticular ma-
terial and sporomorphs; and (4) the higher species 
diversity of obliquipithonelloid relative to orthopi-
thonelloid c-dinocysts. The succession is also charac-
terized by a scarcity of organic-walled marine phyto-
plankton (very rare dinocysts; no acritarchs or algae). 
This feature is interpreted as primary, due to the sig-
nificant paleodepth and considerable distal position 
of the study locality within the basin. An explanation 
of this feature through post-depositional processes 
(oxidation and/or thermal maturation) seems unlikely 
because: (1) the relatively fast sedimentation rate of 
the carbonate-rich Belgorod chalk apparently pre-
cluded oxygen-related alteration of sedimentary or-
ganic matter; and (2) the pale color of palynomorphs 
and phytoclasts excludes thermal maturation. High-
order sea-level fluctuations, well-documented by 
the planktonic foraminifera record, are additionally 
reflected by varying phytoclast and dinoflagellate 
cyst concentrations and the δ13C and δ18O curves. 
All indices were largely driven by variations in ter-
restrial organic matter and freshwater influxes. Our 
data demonstrates that the main factor driving the 
sedimentary and trophic development of Cretaceous 
epicontinental seaways was proximity to land, as a 
function of water-column depth and topography.
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APPENDIX 1

Table A1. Distribution of planktonic and benthic foraminifera in the Belgorod succession.

Table A2. Distribution of planktonic foraminifera in the Belgorod succession, with a maximum foraminiferal count of 150. 


