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The Cretaceous–Palaeogene (K–Pg) mass extinction about 66 Ma ago was one of 
Earth's largest mass extinction events. The demise of calcifiers, among others, 
influenced biogeochemical cycles and changed the conditions for carbonate depo-
sition in the global ocean. This study addresses the sedimentology and carbonate 
microfacies of the Cerithium Limestone Member of the Rødvig Formation within 
the renowned Stevns Klint succession in Denmark. The limestone was deposited 
in the earliest Danian Stage, immediately after the K–Pg mass extinction. It is a pale 
yellow, partly cemented unit with a dense network of Thalassinoides burrows and 
numerous flint nodules. Studies of the thin sections revealed that the Cerithium 
Limestone Member is more variable than expected from its overall homogeneous 
appearance at the macroscopic scale. The thin sections and scanning electron mi-
croscope (SEM) images showed that the highly bioturbated limestone consists of 
four principal microfacies: a mudstone, a wackestone and two different packstones. 
The 30 to 120-cm thick Cerithium Limestone Member fills depressions between 
low-amplitude mounds in the Maastrichtian chalk. The lowermost part constitutes 
a thin layer of a bryozoan-rich packstone, probably reworked from the crests of the 
Maastrichtian mounds. The successive part of the member is dominated by wacke-
stone with mainly foraminifera (planktic and benthic), molluscs and echinoderm 
debris, and in some areas an abundance of peloids. The foraminifera- and mollusc-
rich packstone appears in lenses. The mudstone contains few foraminifera and is 
linked to burrows and syn-sedimentary fractures. SEM observations revealed that 
the Cerithium Limestone Member corresponds to a dispersed micrite, with small 
calcite crystals ~1–4 µm in size. The general shape of these calcite crystals suggests 
precipitation from cyanobacterial activity and, thus, a microbial genesis for the 
micrite of the Cerithium Limestone Member.
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The Cretaceous–Palaeogene (K–Pg) mass extinction at 66 
Ma represents one of the five largest extinctions in the 
past 500 million years, with the disappearance of ∼75% 
of marine species (e.g., Alvarez et al. 1980; Schulte et al. 
2010). This extinction event was triggered by the impact 
of a large asteroid (e.g., Alvarez et al. 1980; Schulte et al. 
2010; Hull et al. 2020) in the Yucatán Peninsula of Mexico 
(Fig. 1) and, within a broader time frame, by the massive 

Deccan flood basalt volcanism (e.g., Chenet et al. 2009; 
Schoene et al. 2019). It resulted in catastrophic changes of 
the Earth’s climate and ecosystem disruptions (Schulte 
et al. 2010). In the marine realm, ocean acidification, 
darkening and cooling had a significant impact on pri-
mary producers (Hull et al. 2020), particularly calcifiers 
living in the photic zone (Olsson et al. 1999; Bown 2005; 
MacLeod et al. 2007; Bralower et al. 2020).
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This study aims to clarify the genesis and pal-
aeoenvironmental conditions of the deposition of 
the limestone by providing a detailed analysis of the 
microfacies and microfossil content of the Cerithium 
Limestone Member in the Rødvig section of Stevns 
Klint.

Geological setting and stratigraphy
Stevns Klint is a 14.5 km long coastal cliff in eastern 
Denmark (Fig. 2A). The cliffs rise up to 20 m above sea 
level, and the exposed succession exhibits the transi-
tion from the white chalks of the Maastrichtian (c. 
72–66 Ma) to the bryozoan-rich mounds of the lower 
Danian (e.g., Surlyk 1997; Hart et al. 2005; Surlyk et 
al. 2006). The Stevns Klint succession (Fig. 3) is well 
known for the iridium anomaly documented by a thin 
but distinct clay bed known as the Fiskeler Member 
(Rødvig Formation), which gave rise to the hypothesis 
that an asteroid impact caused the mass extinction at 
the K–Pg boundary (Alvarez et al. 1980). 

The Maastrichtian chalk of the Møns Klint For-
mation is divided into the Sigerslev Member and 
the Højerup Member (Fig. 3). The Sigerslev Member 
corresponds to a white mound-bedded chalk (Surlyk 
et al. 2006), which is exposed to a maximum of 32 
m along the cliff. The overlying unit, the Højerup 
Member, is a 4–5 m thick bryozoan-rich grey chalk 
of the uppermost Maastrichtian (Surlyk et al. 2006). 
The lower Danian limestones are subdivided into two 
formations: the Rødvig Formation with the Fiskeler 
and the Cerithium Limestone members, and the Ste-

This disturbance of the food chain enabled the 
emergence of a new ecological equilibrium, with dia-
toms and dinoflagellates dominating over calcareous 
nannoplankton (Katz et al. 2004; Knoll & Follows 2016). 
Consequently, the carbon cycle underwent significant 
transformations (Birch et al. 2016), with changes in 
the export, burial and accumulation rates of organic 
carbon (e.g., Zachos & Arthur 1986; D’Hondt 2005; 
Henehan et al. 2016; Alvarez et al. 2019; Sepúlveda et 
al. 2019).

Extensive research has been conducted on the 
extinction interval, yet the understanding of the 
recovery processes in the earliest Paleocene has re-
ceived less focus. Palaeontological and geochemical 
studies have provided an increasingly detailed record 
of the biotic and climatic/environmental develop-
ment through the early Paleocene (e.g., Rasmussen 
et al. 2005; Gilleaudeau et al. 2018; Alvarez et al. 2019; 
Westerhold et al. 2020; Frederiksen et al. 2024). To date 
few detailed and systematic studies of the microfacies 
characteristics in thin sections from lower Paleocene 
strata have been published. Studies in sedimentology 
and carbonate microfacies can be used to better un-
derstand the sea-floor environment, including surface 
and intra-sediment processes, in the earliest aftermath 
of the K–Pg event. The coastal cliffs along Stevns Klint 
in south-eastern Denmark (Figs 1B, 2) provide an ex-
cellent succession that spans the upper Cretaceous to 
the lower Palaeogene (Fig. 3) and the opportunity to 
investigate the development of non-tropical carbonate 
depositional systems throughout this time interval. 
There, the Cerithium Limestone Member of the Rød-
vig Formation is found in the lowermost part of the 
local Palaeogene succession.

Chicxulub
crater

66 Ma
K-Pg      boundary

A
Stevns
Klint

B

Fig. 1. Palaeogeographical maps during the Cretaceous–Palaeogene boundary interval (c. 66 Ma). A: Global palaeogeographical 
reconstruction with the Chicxulub impact site (white star) and the Deccan traps (white, dashed line). B: Map of the palaeogeog-
raphy of Europe with the study site at Stevns Klint (white dot, palaeolatitude 44.53°N). Green: land, light blue: shallow seas, dark 
blue: open oceans. © 2016 Colorado Plateau Geosystems Inc. Modified from Sepúlveda et al. (2019).
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vns Klint Formation with the Korsnæb Member (Fig. 
3). The Danian Fiskeler Member with the iridium 
anomaly at its base (Alvarez et al. 1980), is a stratified 
clay-marl layer typically 5–10 cm thick lying just above 
the K–Pg boundary (e.g., Surlyk et al. 2006). It reaches a 
maximum thickness of ~ 45 cm at Kulstirenden in the 
northern part of Stevns Klint (Hart et al. 2005; Fig. 2B). 
This thin unit passes gradually or, in certain places, 
abruptly upwards into the lower Danian Cerithium 
Limestone Member (Surlyk et al. 2006; Rosenkrantz 
et al. 2021).

The sampling location for the present study, called 
the Rødvig section, is situated at the southern end of 
Stevns Klint, immediately east of Rødvig at Korsnæb 
(55.25403°N, 12.39624°E; Fig. 2B). 

The Cerithium Limestone Member
The Cerithium Limestone Member is named after 
the gastropod genus Cerithium (Forchhammer 1825). 
Despite numerous studies (e.g., Forchhammer 1825; 

Nielsen 1917; Rosenkrantz 1924; Bernecker & Weidlich 
2005; Heinberg 2005; Machalski & Heinberg 2005; Sur-
lyk et al. 2006; Gilleaudeau et al. 2018; Rosenkrantz et 
al. 2021) the depositional conditions of the Cerithium 
Limestone Member are not completely understood.

The Cerithium Limestone Member has a typical 
thickness of about 30–60 cm (Surlyk et al. 2006). In 
northern sections, such as Korsnæb and Kulstirenden, 
its thickness can reach up to 80 cm and 120 cm, re-
spectively (Hart et al. 2005; Surlyk et al. 2006). A dense 
network of Thalassinoides burrows and flint nodules 
in the upper part form a striking characteristic of the 
unit (Surlyk et al. 2006). The Thalassinoides burrows 
are concentrated horizontally and form an impor-
tant local marker horizon below a syn-sedimentary 
hardground (e.g., Ekdale & Bromley 1984; Surlyk 
1997). This hardground surface reflects a fall in sea 
level coupled with submarine erosion and a hiatus 
(e.g., Rosenkrantz 1924; Surlyk et al. 2006). The promi-
nent erosion surface truncates both the Cerithium 
Limestone Member and the crests of the Maastrich-
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and the Cerithium Limestone members, and the Ste-
vns Klint Formation with the Korsnæb Member (Fig. 
3). The Danian Fiskeler Member with the iridium 
anomaly at its base (Alvarez et al. 1980), is a stratified 
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This thin unit passes gradually or, in certain places, 
abruptly upwards into the lower Danian Cerithium 
Limestone Member (Surlyk et al. 2006; Rosenkrantz 
et al. 2021).

The sampling location for the present study, called 
the Rødvig section, is situated at the southern end of 
Stevns Klint, immediately east of Rødvig at Korsnæb 
(55.25403°N, 12.39624°E; Fig. 2B). 

The Cerithium Limestone Member
The Cerithium Limestone Member is named after 
the gastropod genus Cerithium (Forchhammer 1825). 

Despite numerous studies (e.g., Forchhammer 1825; 
Nielsen 1917; Rosenkrantz 1924; Bernecker & Weidlich 
2005; Heinberg 2005; Machalski & Heinberg 2005; Sur-
lyk et al. 2006; Gilleaudeau et al. 2018; Rosenkrantz et 
al. 2021) the depositional conditions of the Cerithium 
Limestone Member are not completely understood.

The Cerithium Limestone Member has a typical 
thickness of about 30–60 cm (Surlyk et al. 2006). In 
northern sections, such as Korsnæb and Kulstirenden, 
its thickness can reach up to 80 cm and 120 cm, re-
spectively (Hart et al. 2005; Surlyk et al. 2006). A dense 
network of Thalassinoides burrows and flint nodules 
in the upper part form a striking characteristic of the 
unit (Surlyk et al. 2006). The Thalassinoides burrows 
are concentrated horizontally and form an impor-
tant local marker horizon below a syn-sedimentary 
hardground (e.g., Ekdale & Bromley 1984; Surlyk 
1997). This hardground surface reflects a fall in sea 
level coupled with submarine erosion and a hiatus 
(e.g., Rosenkrantz 1924; Surlyk et al. 2006). The promi-
nent erosion surface truncates both the Cerithium 
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Fig. 2. A: Map of Denmark showing the major structural elements and the position of the studied section at Stevns Klint (blue 
star). B: Map of Stevns peninsula showing the location of the studied section at Korsnæb (55.25403°N, 12.39624°E), east of Rødvig. 
Modified from Rosenkrantz et al. (2021).
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The Cerithium Limestone Member has been de-
scribed both as fossil-poor, with only gastropods, 
echinoderms and crinoids (Rosenkrantz 1939), and as 
fossil-rich, with additional foraminifera (e.g., Schmitz 
et al. 1992; Hart et al. 2005; Rasmussen et al. 2005), bi-
valves (Heinberg 1999), siliceous sponges (Bernecker 
& Weidlich 2005), ammonites (Machalski & Heinberg 
2005) and rare bryozoans (Heinberg 2005). Several spe-
cies surviving the K–Pg event have been documented 
from the Cerithium Limestone Member, with the 
most remarkable discovery being several ammonites 
(Machalski & Heinberg 2005). Biostratigraphic studies 
have resulted in contrasting evidence and opinions 
concerning the age and duration of the Cerithium 
Limestone Member (Rasmussen et al. 2005). 

Materials and methods 
Two sampled profiles across the Cerithium Lime-
stone Member at Rødvig were analysed. The initial 
profile is a 60 cm thick block that encompasses the 
entire vertical extent of the unit. To gain comprehen-
sive insights into microfacies and the fossil content, 
twelve samples were selected for thin section pro-
duction. The samples were chosen based on distinct 
characteristics of the limestone, such as burrows, 
colour changes or textural variations. Seventeen 
samples were prepared for scanning electron mi-
croscope (SEM) analyses, representing the various 
microfacies of the Cerithium Limestone Member. 
These samples were used to analyse the microfacies 
at the micro- and nanometre scales. Following the 
observation of diverse microfacies, seven additional 
samples were collected from a 60 cm vertical profile, 
with number 2 at the base until number 8 at the top of 
the section (Fig. 4). These samples were prepared for 
quantitative analyses of bioclast content and microfa-
cies variability in the stratigraphic succession. From 
these seven samples, a total of fifteen thin sections 
were produced, with one per sample along the main 
vertical profile and duplicates for certain samples: 
two for sample 3, three for sample 4, one for sample 
5 and two for sample 7. 

During the thin section preparation, due to the 
brittle and soft nature of the Cerithium Limestone 
Member, the samples were embedded in epoxy, 
using a vacuum chamber to prevent any damage. 
Subsequently, the samples were manually ground 
and polished. Observations were conducted using an 
Olympus BX50 petrographic microscope equipped 
with a digital camera (Olympus SC50) and an elec-
tronic stepping stage for point counting, at the De-
partment of Geology, Lund University. Lithologies 

tian mounds of the Højerup Member and forms the 
base for the lower Danian bryozoan mounds of the 
Korsnæb Member (Stevns Klint Formation; Surlyk et 
al. 2006; Rosenkrantz. et al. 2021). 

A wavy relief of the erosion surface suggests that 
the original sea-floor topography was formed by 
WNW-flowing bottom currents (Surlyk & Lykke-An-
dersen 2007). After erosion, the remaining Cerithium 
Limestone Member is preserved as a disjointed series 
of small depression fills, which are separated by 
truncated Maastrichtian mounds (Surlyk et al. 2006). 
The Cerithium Limestone Member shows thinning, 
condensation, or even erosion in the northern part 
of the Stevns Klint area (e.g., Surlyk et al. 2006). The 
depositional environment of the unit was marine and 
ranged from mid-neritic (30–100 m water depth) to 
a deeper milieu, as suggested by a high proportion 
of planktic foraminifera (e.g., Rasmussen et al. 2005; 
Surlyk et al. 2006). 
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matrix colouration were divided into three groups: 
dark, intermediate and light matrix.

The samples for the SEM study were cut, polished 
and sputter-coated with platinum-palladium (Cress-
ington sputter coater 108 auto, 20 mA, 20 seconds). 
The selection of seventeen samples was studied us-
ing a Tescan Mira3 High-Resolution Schottky field 
emission-scanning electron microscope equipped 
with an Oxford energy dispersive X-ray spectroscopy 
(EDS) at the Department of Geology, Lund University. 
Samples were imaged and analysed for microstruc-
tures related to sediment-influencing/-producing 
organisms and diagenetic processes. EDS was used 
for elemental analyses and to determine the chemical 
composition of the main components. Additionally, 
calcareous nannofossils were quantified along one 

were classified according to the Dunham classifica-
tion (Dunham 1962) and the modified scheme of 
Embry & Klovan (1971). Analyses of the microfacies 
(e.g., composition, fabrics and textures) were carried 
out according to Wilson (1975) and Flügel (2010).

The characteristics of the thin sections were quan-
tified using Petrog 5 software. A random grid of 
points was selected, with the number of counts per 
thin section set at 250, as the threshold for statisti-
cal significance is considered to be at around 200 
counts (Galehouse 1971). The bioclasts were classified 
at the order level, distinguishing between benthic 
and planktic foraminifera. Bioclasts were typically 
counted only if the pointer of the crosshair hit their 
shells, although complete shells were included in the 
count if the crosshair hit inside them. Variations in 
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part exhibits a beige colour, while the more cemented 
upper part appears pale yellow. At the macroscopic 
scale, the lithology appears homogeneous, with brown 
bioturbation tracks scattered throughout the section. 
Macrofossils occur locally and observed specimens 
include gastropods that are preserved as moulds.

Thin sections analyses  
– sedimentary microfacies
The position, overview image, microfacies and bio-
clast content of the thin sections along the vertical 

transect of ~1 cm in three samples: one at the base, 
one at the middle and one at the top of the section. 
All sample materials and thin sections are stored at 
the Department of Geology, Lund University, Sweden.

Results
The Cerithium Limestone Member in our section 
is ~ 0.6 m thick, beige-yellowish with an unevenly 
exposed surface (Figs 4, 5). The relatively soft lower 
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profile are summarised in Figs 4 and 5. Thin section 
analyses show that the Cerithium Limestone Member 
is composed of four distinct microfacies: a carbonate 
mudstone (Fig. 6A), a predominant wackestone (Fig. 
6B), a foraminifera-bivalve-dominated packstone (Fig. 
6C) and a bryozoan-dominated packstone (Fig. 6D).

Mudstone. The mudstone (Figs 6A1, A2) has less than 
10% grains and is dominantly beige. The mud-sized 
matrix is mixed with few dark grey peloids, red iron 
oxides and yellowish pyrite. Recognisable fossils are 
scarce in this microfacies, with only a few bivalves, 
gastropods and foraminifera. Scattered benthic and 
planktic foraminifera are present with either the test 
preserved (Fig. 6A1) or just as a mould (Fig. 6A2). Most 
foraminifera tests or moulds are filled with black or 
brownish sediment. Small burrows are present within 
the mudstone and are filled with a foraminifera-
bivalve-dominated packstone. The burrows are rich in 
bioclasts, including planktic and benthic foraminifera, 
ostracods, bivalves, gastropods, echinoderms and 
sponge spicules.

Wackestone. The light grey wackestone contains iron-
oxides and a larger number of pyrite and bioclasts 
compared to the mudstone (Fig. 6B1). In certain places, 
it contains large amounts of small dark grey peloids. 
Most fossils are planktic and benthic foraminifera, 
presenting a relatively broad range of sizes and spe-
cies. Bivalves, ostracods, gastropods, echinoderms and 
bryozoans are also commonly observed. Calcareous 
dinoflagellates occur sparsely. The wackestone shows 
burrows with an infilling of a foraminifera-bivalve-
dominated packstone (Figs 4B, 5). Abundant and 
relatively diverse bioclasts, with different sizes of 
planktic and benthic foraminifera, ostracods, bivalves, 
gastropods, echinoderms and sponge spicules, are 
identified in the burrows. Upon examination under 
a fluorescence light microscope, one of the burrows 
exhibits a white outline, indicating the presence of or-
ganic matter. Smaller burrows within the wackestone 
are filled with a fossil-rich packstone or wackestone. 
This packstone is rich in bioclasts including planktic 
and benthic foraminifera, ostracods, bivalves, gastro-
pods, echinoderms and sponge spicules. Overall, the 
two described types of burrows show a high abun-
dance of fossil assemblages, whereas a third type of 
burrows with a fine-grained mudstone infilling nearly 
lacks bioclasts as only a few scattered foraminifera are 
visible (Fig. 6E). These small-scale or micro-burrows 
with a diameter range <1 mm have multiple branch-
ing points and show in certain cases a connection to 
larger vertical shafts (Fig. 6E). They show an irregular 
margin and a branched distribution pattern in thin 
sections. They might represent thin Chondrites (Baucon 

et al. 2020). Note that due to significant differences 
in hardness and lithification, some parts of the fine-
grained burrow infills were lost during the polishing 
of the thin sections (Fig. 4).

Foraminifera-bivalve-dominated packstone. This pack-
stone (Fig. 6C1) is dark brownish with a fine-grained 
matrix, iron oxides, pyrite, clay particles and peloids 
of different sizes. This microfacies is richer in bioclasts, 
including abundant and diverse planktic and benthic 
foraminifera, gastropods, bivalves, corals, ostracods, 
echinoderms and calcified sponge spicules. Bryozoans 
are scarce and skeletal grains often appear in clusters. 
The above-mentioned small-scale or micro-burrows 
with a fine-grained mudstone are also present in this 
packstone.

Bryozoan-dominated packstone. This packstone (Fig. 6D) 
contains a large amount of bryozoan debris, broken 
mollusc shells, small foraminifera, calcite crystals, 
small oxides and small to large pyrites. The micrite 
has a beige colour with abundant, minute bioclastic 
debris and peloids. In certain areas, it could be re-
ferred to as a wackestone. No burrows were seen in 
this microfacies. The bryozoan-dominated packstone 
is only present in sample 2 (Figs 4, 5, 6D), just above 
the Fiskeler Member. The transition to the dominat-
ing wackestone microfacies is observed in sample 3.

Vertical stratigraphic development
Along the vertical profile, the first 7–12 cm above 
the Fiskeler Member are mainly composed of the 
bryozoan-rich packstone (sample 2; Figs. 4, 5, 6D). 
Above this, a progressive transition over several cen-
timetres into the dominant wackestone microfacies 
is visible, marked by the disappearance of bryozoan 
components. Throughout the Cerithium Limestone 
Member, foraminifera-bivalve-dominated packstone 
forms isolated concentrations, mostly associated with 
burrowing activity. The mudstone microfacies is 
frequently observed in small fractures and burrows 
(Fig. 6E). 

Except for the lowermost bryozoan-dominated 
layer, the most abundant fossils in the Cerithium 
Limestone Member (under light microscope) are 
planktic and benthic foraminifera, with a predomi-
nance of the latter. Transitions between microfacies 
are either sharp, especially between burrows and 
the surrounding rock, or gradual, with a progressive 
increase in the number of bioclasts. 

Bioclast abundance
The point counting results (Fig 5, supplementary 
material, Table S1) indicate the highest abundance of 
bioclasts, reaching up to 50% of bioclastic grains, in 
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Fig. 6. Optical microscope images of thin sections from the Cerithium Limestone show four different microfacies with A: mudstone, 
B: wackestone, C: foraminifera-bivalve-dominated packstone and D: bryozoan-dominated packstone. A1,2: Mudstone including 
preserved foraminifera test (A1) and filled moulds of foraminifera (A2). B1: Wackestone with foraminifera. C1: Foraminifera-
bivalve-dominated packstone with abundant fossil content. D: Bryozoan-dominated packstone with abundant bryozoans. E: A 
burrow in wackestone filled with mudstone.
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crystals of up to 15 µm were occasionally observed. 
In general, the shape of the crystals shows a variety 
of polyhedral forms with reduced corners but edges 
visible. Dissolution attributed to early diagenetic al-
terations is apparent on both the matrix and crystals 
in all microfacies (Fig. 7 A, B). Observations reveal 
cracks and dissolution pits, along with crystals with 
reduced corners and edges, leading to the transforma-
tion of rhombohedral shapes into polyhedral forms 
(Fig. 7 A, B). 

Changes in microfacies are either gradual (Fig. 
8A), with a progressive increase in the number of 
bioclasts, or sharp, especially between burrows and 
the surrounding rock. In the wackestone, bioclasts are 
loosely packed, with few in close contact with each 
other (Fig. 8B). Sharp boundaries are most commonly 
found in the transition zone from the mudstone to the 
foraminifera-bivalve-dominated packstone (Fig. 8F). 
A change from the mudstone and wackestone to the 
foraminifera-bivalve-dominated packstone is clearly 
visible through a significant increase in bioclasts (Figs 
8A, C, F). Densely packed bioclasts are present in both 
packstone varieties (Figs 6C1, D, 8D, E). The packstones 

the basal sample 2 corresponding to the bryozoan-rich 
packstone microfacies. The grain abundance gradu-
ally decreases to around 10% in the main part of the 
Cerithium Limestone Member through samples 3 to 
7. The uppermost part of the Cerithium Limestone 
Member is characterised by an increase in abundance 
with around 15% bioclastic grains, mainly calcified 
sponge spicules and rare bryozoans. 

SEM analyses 
Microfacies analyses under SEM
Under the SEM, the mudstone and wackestone exhibit 
the highest porosity (Figs 7, 8). The freshly cut and 
polished samples show deep and elongated holes in 
the matrix. Cementation occurs sparsely in those two 
microfacies and consists of low-Mg-calcite crystals 
without silica, as indicated by elemental mapping. 
The matrix of the wackestone and mudstone micro-
facies is composed of small crystalline calcite with 
a dominance of 1–4 µm crystals (Fig. 7). Very small, 
equant crystals below 1 µm in size occur in clusters 
and crystals up to 10 µm are also present. Calcite spar 
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Fig. 7. Scanning electron microscopy images of the four different microfacies in the Cerithium Limestone. A: Mudstone. B: Wacke-
stone with cracks and clusters. C: Foraminifera-bivalve-dominated packstone with bioclasts and spar. D: Foraminifera-bivalve-
dominated packstone with bioclasts. E: Foraminifera covered in fine microcrystals in the wackestone. F: Bryozoan-dominated 
packstone, B: bioclasts, Cl: cluster, Cr: crack, M: micrite, P: porosity, S: spar.
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(Fig. 7E) or as imprints (Fig. 8B). Additionally, numer-
ous calcareous nannofossils (Fig. 7D) with mainly 
coccoliths and few calcareous dinoflagellate cysts (see 
supplement Pl. S1) were observed in all microfacies 
with different abundances. Sample 2, at the base of the 
section, shows the poorest preservation and records 
the lowest abundance of calcareous nannofossils with 
~ 8×102 nannofossils/cm2 (Table S2). Sample 4 exhib-
its very good preservation with entire coccospheres 
and coccoliths preserved. This sample presents the 
highest abundance of calcareous nannofossils with 
~ 1×104 nannofossils/cm2 (Table S2). Sample 8, at the 
top of the section, exposes fewer calcareous nanno-
fossils with ~ 3×103 nannofossils/cm2 (Table S2). The 
coccolith assemblage comprises 10–15 (Pl. S1) species 
with a dominance of Arkhangelskiella cymbiformis 
(Vekshina 1959), Biscutum castrorum (Black & Barnes 
1959), Biscutum harrisonii (Varol 1989), Neocrepidolithus 
neocrassus (Perch-Nielsen 1968; Romein 1979) and Neo-
crepidolithus spp. Rare Ahmuellerella regularis (Górka 

are less porous than the other two microfacies (Figs 
7C, D, F). Deep and elongated cracks are absent, and 
crystals have more contact surfaces in between. The 
size and shape of the calcite crystals are highly vari-
able, with increasingly larger crystals including some 
exceeding 15 µm (Fig. 7C). However, as for the other 
microfacies, micrite with crystals smaller than 4 µm 
is dominant. Most crystals show a rough surface with 
many cracks. Cement is present in the foraminifera-
bivalve-dominated packstone and consists of low Mg-
calcite and no silica, as indicated by element mapping 
(see supplement Fig. S1). 

Microfossil analyses under SEM
Studies of the microfossil content under the SEM show 
a few scattered foraminifera and calcareous nanno-
fossils in the mudstone, while the wackestone shows 
more abundant fossils (Figs. 7B, E, 8B, D). Foraminifera 
were observed as fragments or complete with either 
the tests preserved covered by calcite microcrystals 
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Fig. 8. Scanning electron microscopy images of thin sections from the Cerithium Limestone. A: Three microfacies of the upper part 
of the limestone with their boundaries illustrated in dashed lines. B: Wackestone with bioclasts including imprints of dissolved 
tests of foraminifera. C: Transition from wackestone to the foraminifera-bivalve-dominated packstone. D: Foraminifera-bivalve-
dominated packstone with a high amount of preserved tests of foraminifera. E: Bryozoan-dominated packstone with bryozoans. 
F: Transition zone from foraminifera-bivalve-dominated packstone to mudstone. B: bioclasts, Bryo: bryozoans, Cr: crack, FPS: 
foraminifera-bivalve-dominated packstone, MS: mudstone, WS: wackestone. The white dashed line shows the transition between 
the microfacies.
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um Limestone Member belongs to the Pα and the P1a 
zones (Fig. 3). The section at Rødvig represents mainly 
the Pα foraminiferal zone and was possibly deposited 
within 400 ka (Heinberg 2005; Rasmussen et al. 2005; 
Ogg et al. 2016), with both the Pα and the P1a zones 
representing less than 800 ka (Ogg et al. 2016). These 
findings suggest that the wackestone was deposited 
during an initial stage of the post-extinction recovery 
interval during the earliest Danian, rather than being 
a result of reworking of older sediments. 

Fossils have also been impacted by dissolution, as 
indicated by the visible internal and external moulds 
of test fragments of foraminifera, resulting from the 
dissolution of the original tests (Fig. 6A2). The ran-
dom occurrence of those foraminifera moulds, both 
horizontally and vertically, suggests widespread dis-
solution affecting the entire section. Species-specific 
resistance or weakness to dissolution seems unlikely 
as both benthic and planktic species were affected. 
Imprints in the sediment suggest that the dissolution 
of the tests occurred after the lithification of the host 
rock. Poor preservation and issues such as dissolu-
tion and fragmentation of foraminifera have been 
reported previously (Hart et al. 2005; Rasmussen et al. 
2005). Any (re-)evaluation of foraminiferal zonation 
along the cliff exposure should take into account the 
very local changes in the type of preservation of the 
foraminifera, which evidently can vary within a few 
centimetres.

The SEM observations revealed the presence of 
calcareous nannofossils, including dinoflagellate 
cysts in low abundance and coccoliths in higher 
abundance in all microfacies (Fig. 7). In contrast to 
the foraminifera, dissolution was not apparent in 
the calcareous nannofossils, which occur with good 
preservation; even coccospheres are preserved. Only 
the calcareous nannofossils in sample 2, just above 
the K–Pg extinction interval, show slight dissolution 
features. Quantification indicates an abundance of 
calcareous nannofossils ranging between 8×102 and 
1×104 nannofossils/cm2. Just prior to the K–Pg mass 
extinction, the latest Cretaceous recorded the highest 
abundance and diversity of calcareous nannofossils 
of the entire Mesozoic Era, with up to 149 recognised 
species and a yearly deposition on the order of 107 

nannofossils/cm2 (Bown et al. 2004; Suchéras-Marx 
et al. 2019). The low abundance and diversity (10–15 
species) of calcareous nannofossils in the Cerithium 
Limestone Member attest to the K–Pg mass extinction 
event affecting calcifying nannoplankton.

Among the calcareous dinoflagellate cysts, Cer-
visiella operculata (Pl. S1) dominates the assemblage 
but does not occur in high abundance. C. operculata 
is abundant in low-latitude successions (Guerra et al. 
2021) and is used as a marker for the earliest Danian 

1957; Reinhardt & Górka 1967), Kamptnerius magnificus 
(Deflandre 1959), Nephrolithus frequens frequens (Górka 
1957), Watznaueria fossacincta (Black 1971; Bown & 
Cooper 1989), Zeugrhabdotus sigmoides (Bramlette & 
Martini 1964; Bown & Young 1997), Markalius apertus 
(Perch-Nielsen 1979), Markalius inversus (Deflandre & 
Fert 1954; Bramlette & Martini 1964), Prediscosphaera 
stoveri (Perch-Nielsen 1968; Shafik & Stradner 1971) 
and Cyclagelosphaera alta (Perch-Nielsen 1979) were 
observed. Calcareous dinoflagellates are mostly pre-
served as half-broken but well-preserved specimens of 
Cervisiella operculata (Bramlette & Martini 1964; Streng 
et al. 2004) with a size of up to 20 µm (Pl. S1). 

Different fragments of bioclasts such as fish teeth, 
broken shells of macrofossils, bryozoans and micro-
fossils were observed, with the highest amount in the 
packstone microfacies.

Discussion

Fossil content
 
The Cerithium Limestone Member is described as 
a fossil-rich unit with gastropods, echinoderms, 
crinoids, foraminifera, bivalves, calcified siliceous 
sponges, ammonites and occasionally bryozoans (e.g., 
Machalski & Heinberg 2005; Rasmussen et al. 2005). 
In our thin section analyses, we find two different 
parts within the Cerithium Limestone Member that 
may have stratigraphic significance. The lowermost 
part, in contact with the Fiskeler Member, consists 
of a bryozoan-dominated packstone with bivalves, 
foraminifera and gastropods (Figs 4, 5, 6D, 8E). This 
bryozoan-dominated packstone does not re-appear 
higher up in the Cerithium Limestone Member. The 
high amount of bryozoans and broken bioclasts, the 
presence of calcite crystals, and the low amount of 
micrite compared to the rest of the Cerithium Lime-
stone Member, suggest reworking of older sediments. 
These may have originated from the crest of the Maas-
trichtian mounds surrounding the depression where 
the Cerithium Limestone Member has been preserved 
(Surlyk et al. 2006).

The upper, main part of the Cerithium Limestone 
Member is dominated by the wackestone microfacies 
with foraminifera, bivalves, gastropods, echinoderms, 
crinoids, calcified siliceous sponges and rare bryozo-
ans. Despite poor preservation, Rasmussen et al. (2005) 
reported an abundant but low-diversity assemblage 
of foraminifera in the 40–125 µm fraction from the 
Cerithium Limestone Member. Standard foraminiferal 
biostratigraphy from different studies (e.g., Heinberg 
2005; Rasmussen et al. 2005) indicates that the Cerithi-
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after the K–Pg event (Bralower et al. 2020) and contin-
ued until the deposition of the Cerithium Limestone 
Member. Cyanobacterial blooms in whitings require 
CaCO3 supersaturation in seawater (Jones et al. 2019). 
The abrupt extinction of calcifiers (Bown 2005) and a 
lowered CaCO3-to-organic carbon rain ratio (Henehan 
et al. 2016) possibly resulted in supersaturated surface 
waters (Bralower et al. 2020). 

The presence of cyanobacteria in the Fiskeler Mem-
ber at Stevns Klint has been inferred on the basis of or-
ganic biomarkers for bacterial productivity (Sepulveda 
et al. 2009; Schaefer et al. 2020). A high abundance of 
steranes and hopanes (in the Fiskeler Member) reflects 
a rapid recovery (c. 102–103 years) of bacterial and algal 
production in the area (Sepúlveda et al. 2009), suggest-
ing thriving cyanobacterial communities (Schaefer 
et al. 2020). The survival of cyanobacteria without 
significant losses in the extinction event (Sepulveda et 
al. 2009; Alegret et al. 2012) and their possibly unique 
adaptation to the extreme post-extinction environ-
ments may have contributed to micrite precipitation 
(Robbins & Blackwelder 1992; Thompson 2000; Obst 
et al. 2009; Bralower et al. 2020). 

Although different microfacies occur in the Cerithi-
um Limestone Member, the rock matrix is consistently 
dominated by small calcite crystals in the micron size 
range (< 4 µm; Fig. 7). In this respect, our observations 
confirm those of Hansen (1990). Hansen (1990) defined 
the rock unit as extremely loose, with no or little at-
tachment between crystals and with a richness of 
small grains ranging between 1 and 5 µm in size. The 
dominance of calcite crystals smaller than 4 µm in size, 
with rare or absent microbioclast debris, suggests a 
microbial origin of the Cerithium Limestone Member, 
possibly from cyanobacteria (Flügel 2010). Moreover, 
EDS analyses of the four microfacies indicate a low-
Mg-calcite composition, as also reported by Hansen 
(2019). Low-Mg calcite with microcrystals in the 1–9 
µm size range is globally characteristic of Phanerozoic 
limestones (Kaczmarek et al. 2015) and is typical of 
cyanobacterial whiting (Bralower et al. 2020). Thus, we 
suggest that the micrite of the Cerithium Limestone 
Member was formed due to the high abundance of 
cyanobacteria. Abundant cyanobacteria would entail 
strong photosynthetic activity, leading to an increase 
in alkalinity that ultimately triggered whiting events, 
enabling the precipitation of micrite. 

Microfacies types and environmental conditions 
Our study reveals that the Cerithium Limestone 
Member mainly consists of two relatively distinct 
stratigraphic parts: the first is the lowermost part of 
the unit and likely constitutes a thin layer of Maas-
trichtian reworked material. The second and major 
part is a burrowed limestone comprising mudstone, 

(McLachlan & Pospelova 2021). This species is de-
scribed as a ‘disaster taxon’, flourishing in stressed 
environmental conditions (Wendler & Willems 2002; 
Hildebrand-Habel & Streng 2003; Bralower et al. 2020; 
Guerra et al. 2021; Mahanipour et al. 2022) due to re-
duced competition (Guerra et al. 2021) and the sudden 
appearance of vacant niches (Smit 2005). C. operculata 
is suggested to indicate warm water environments 
(Egger et al. 2009; Mohamed et al. 2012) and decreased 
primary productivity (Guerra et al. 2021). 

In our samples, coccoliths were found in higher 
abundance than the calcareous dinoflagellate cysts. 
Using the terminology of Bernaola & Monechi (2007), 
the assemblage contains a few Cretaceous-vanishing 
(C-vanishing) species, such as A. cymbiformis, A. regu-
laris, K. magnificus, N. frequens frequens, P. stoveri and 
W. fossacincta. The C-vanishing species include all 
Cretaceous species that became extinct at or below 
the boundary and species that progressively disap-
peared in the lowest metres of the Danian (Bernaola 
& Monechi 2007). The evolution of the calcareous 
nannoplankton across the K–Pg transition is not fully 
understood, but most studies explain the presence of 
the rare C-vanishing species by reworking (e.g., Bown 
2005; Minoletti et al. 2005).

The Cretaceous-persistent (C-persistent) species are, 
on the contrary, considered survivors from the Meso-
zoic into the Cenozoic era (Bernaola & Monechi 2007). 
C-persistent species include Cretaceous species found 
in low abundance in the uppermost Maastrichtian but 
persist well into the Palaeogene, where their relative 
abundance increases (Bernaola & Monechi 2007). In 
our samples, C-persistent species are represented by 
Biscutum spp., Markalius spp., Neocrepidolithus spp., Z. 
sigmoides and C. operculata. They are relatively more 
abundant than the C-vanishing species, but our quan-
tification results show a low total abundance, arguing 
in favour of the persistence of harsh environmental 
conditions during the deposition of the Cerithium 
Limestone Member. Finally, the presence of C. alta in 
sample 4 marks the appearance of a new Paleocene 
taxon.

Origin of the micrite
In the aftermath of the K–Pg event, oceanic productiv-
ity recovered rapidly in terms of biomass (Alegret et 
al. 2012) with hypothetical eutrophication supporting 
the plankton blooms (Alegret et al. 2012). Global post-
impact ‘whitings’ caused by cyanobacterial blooms 
may have contributed to the formation of the pale 
grey marly chalk of the Fiskeler Member, directly un-
derlying the Cerithium Limestone Member (Bralower 
et al. 2020). In certain localities, these global whiting 
events might have persisted for thousands of years 
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material from the crests of the underlying Maastrich-
tian mounds. The second major part of the rock unit 
is an intensely burrowed limestone consisting of 
wackestone with predominantly foraminifera, mud-
stone with few foraminifera and foraminifera-bivalve-
dominated packstone microfacies. A random spatial 
distribution of the microfacies suggests a high degree 
of bioturbation, as indicated by a variety of burrows. 
It is possible that the Cerithium Limestone Member 
had previously shown some stratigraphic develop-
ment in its (micro-)facies characteristics, but this was 
erased due to bioturbation. SEM and light microscopy 
observations enabled the identification of various 
fossils, including planktic and benthic foraminifera, 
gastropods, bivalves, corals, ostracods, echinoderms, 
calcified sponge spicules and nannofossils. The pre-
dominance of small calcite crystals (1–4 µm) and the 
general shape of these crystals indicate that a signifi-
cant portion of the micrite might have been formed 
through precipitation driven by microbial activity. 
The Cerithium Limestone Member is interpreted as 
formed in a mainly low-energy, open-marine, outer 
ramp-like sedimentary environment. In conclusion, 
the thin sections of the Cerithium Limestone Member 
at Stevns Klint provided new insights into the genesis 
of this famous rock unit. 
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