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Abstract. Albian to Turonian carbonate deposits at three dif-
ferent locations of the Lower Saxony Cretaceous and thereby
of the European mid-Cretaceous epeiric shelf sea were in-
vestigated for their fossil agglutinated foraminiferal fauna.
In this study, 71 samples from two quarries and three drill
cores were treated with formic acid, which enabled the study
of agglutinated foraminiferal assemblages even in highly
lithified limestones. In total, 114 species were determined
and classified as belonging to nine morphogroups. In gen-
eral, four agglutinated foraminiferal assemblages are distin-
guished: (1) an uppermost Albian-lowermost Cenomanian
assemblage from the Wunstorf drill cores, with the dominant
taxa Bathysiphon spp., Nothia spp., Psammosphaera fusca,
Reophax subfusiformis, Bulbobaculites problematicus, Tri-
taxia tricarinata, Flourensina intermedia, Vialovella frankei,
Arenobulimina truncata, and Voloshinoides advenus; (2) a
Cenomanian assemblage from the Baddeckenstedt quarry
and Wunstorf drill cores, with Ammolagena clavata, Tri-
taxia tricarinata, Vialovella frankei, Arenobulimina trun-
cata, and Voloshinoides advenus; (3) an assemblage re-
lated to the Cenomanian—Turonian Boundary Event in Wun-
storf and Sohlde dominated by Bulbobaculites problemati-
cus; and (4) a Turonian assemblage in the Wunstorf and
Sohlde sections with high numbers of Ammolagena con-
torta, Repmanina charoides, Bulbobaculites problematicus,
Gerochammina stanislawi, and Spiroplectammina navar-
roana. The latest Albian—earliest Cenomanian assemblage
consists of tubular, globular, and elongate foraminiferal mor-

phogroups which are typical for the low- to mid-latitude
slope biofacies. All other assemblages are composed of elon-
gate foraminiferal morphogroups with additionally globular
forms in the proximal settings of Baddeckenstedt and Sohlde
or flattened planispiral and streptospiral forms in more dis-
tal settings of Wunstorf. For these assemblages, a new ag-
glutinated foraminiferal biofacies named “mid-latitude shelf
biofacies” is proposed herein. Changes in the relative abun-
dance of different morphogroups can often be referred to sin-
gle features of depositional sequences. Furthermore, classi-
cal macro-bioevents, which are often depositional-related, of
the Lower Saxony Cretaceous seem to have a micro-bioevent
or acme equivalent of the agglutinated foraminiferal fauna.

1 Introduction

During the mid-Cretaceous, sedimentary sub-basins of
Lower Saxony and the Subhercynian were part of a wide
epeiric continental shelf sea connected with the Arctic realm,
the young North Atlantic Ocean and central Atlantic Ocean,
and the Tethys Ocean, which were separated by the Mid-
European Island (Janetschke et al., 2015). High relative sea
level (Haq, 2014) and high relative temperatures (Voigt et al.,
2004) favoured carbonate deposition in wide parts of these
and other basins worldwide during that time (Skelton, 2003;
Voigt et al., 2008a; Janetschke et al., 2015). Long-term sea
level trends and changes in bottom water temperature, nu-
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trient availability, oxygen concentration of bottom waters,
and paleoceanographical current patterns like those during
the early Cenomanian transgression, Mid-Cenomanian Event
(MCE), and Oceanic Anoxic Event 2 (OAE2)-Cenomanian
Turonian Boundary Event (CTBE) made this time interval
attractive for research (Skelton, 2003; Voigt et al., 2004,
2008a). To understand the sea level and depositional se-
quence coupling and other paleoenvironmental changes in
the Lower Saxony Basin, investigations were made for the
Albian (e.g. Fenner, 1996; Tyszka, 2009; Bornemann et
al., 2017), for the Cenomanian (e.g. Wilmsen, 2003, 2007;
Wilmsen et al., 2005; Voigt et al., 2006), for the CTBE (e.g.
Linnert et al., 2010; Hetzel et al., 2011; Blumenberg and
Wiese, 2012; van Helmond et al., 2015), and for the Turonian
(Wiese et al., 2015). Most of these studies approach the for-
mer conditions in the upper water layers of this Cretaceous
shelf sea by focussing on planktic foraminifers and calcare-
ous nannofossils. Thus, to get a better understanding of the
paleoenvironment of the mid-Cretaceous deposits of Lower
Saxony, in particular additional information of the bottom
water conditions is necessary.

The reconstructions of past bottom water conditions based
on agglutinated foraminifera morphogroup analyses have
been established by Jones and Charnock (1985) modified by
Bak et al. (1997), Peryt et al. (1997, 2004), Van Den Akker
et al. (2000), and Murray et al. (2011). Our study follows the
morphogroup scheme applied on Cretaceous foraminiferal
assemblages by Frenzel (2000), Cetean et al. (2011), and Se-
toyama et al. (2017). Agglutinated foraminifers are widely
used to investigate mid-Cretaceous deep-water deposits with
focus on the Arctic realm (Gradstein et al., 1999; Setoyama
et al., 2017), the Atlantic Ocean (Kuhnt et al., 1989, 1992;
Kuhnt and Kaminski, 1997), and the Tethyan realm (Coc-
cioni et al., 1995; Kaminski et al., 2011) with special accen-
tuation on the Carpathians (Geroch and Nowak, 1984; Bubik,
1995; Bak, 2007; Jézsa et al., 2017a).

A detailed stratigraphic framework of the mid-Cretaceous
of Lower Saxony exists (e.g. Ernst et al., 1983; Voigt and
Hilbrecht, 1997; Wilmsen and Niebuhr, 2002; Wilmsen,
2003, 2007; Voigt et al., 2008b; Wiese, 2009; Bornemann
et al., 2017; Erbacher et al., 2020) and is supported by
correlations of stable carbon isotope patterns of the Wun-
storf drill cores conducted in this study. This framework al-
lows a precise stratigraphic correlation of the agglutinated
foraminiferal assemblages and their application as a proxy
for paleoenvironmental reconstructions in a shelf setting with
high carbonate production. Firstly, high lithified limestones
of the Lower Saxony Cretaceous are investigated on their
agglutinated foraminiferal content, whereas former studies
focussed on less lithified marlstones to marly limestones
(Frieg and Kemper, 1989). Therefore, the main objectives
of the present study are the documentation of agglutinated
foraminiferal assemblages and the linkage of the assemblage
composition and palacoenvironmental information provided
by former studies. Furthermore, the biostratigraphical util-
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ity of agglutinated foraminifers for the basins is examined
by applying existing biostratigraphical schemes (Geroch and
Nowak, 1984; Frieg and Kemper, 1989; Hart et al., 1989;
Kuhnt and Kaminski, 1997; Kaminski et al., 2011) and as-
sessing regional biomarkers and agglutinated foraminiferal
acmes.

2 Geology and lithostratigraphy
2.1 Geological overview

The study area is located in the southern part of Lower Sax-
ony (northern Germany), comprising the Lower Saxony and
Subhercynian Cretaceous sub-basins (Fig. 1). These were
part of a wide epicontinental shelf sea that spanned large
parts of the middle to north European shelf area. This shelf
sea was bordered in the south by the Mid-European Island,
in the north by the Fennoscandian Shield, and in the west
by several smaller land masses (Fig. 1). To the east the
shelf sea reached onto the Russian Platform (Skelton, 2003;
Voigt et al., 2008a; Janetschke et al., 2015). Widespread ma-
rine sediments were deposited in the Cenomanian to Tur-
onian favoured by a major, second-order sea level high-
stand phase (Haq, 2014; Fig. 2). While nearshore, mainly
siliciclastic—glauconitic sediments were deposited, offshore
marl-limestone alternations to chalk deposits were formed.
During the late-early Cenomanian, water depths of 20-
30m in a proximal position at Baddeckenstedt of about
30-40km distance from the shore and ca. 50 m at about
80-100km from the former coastline at Wunstorf are
assumed by Wilmsen (2003). During the Cenomanian—
Turonian boundary, a water depth of 100-150 m is proposed.

2.2 Studied sections
2.2.1 Wunstorf

The Wunstorf-Kolenfeld quarry is located around 20km
west of Hanover with WGS84 coordinates 52.40146° N,
9.48940° E at the quarry centre. The area belongs to the
Wunstorf Cretaceous Syncline as part of the Lower Sax-
ony Basin (Fig. 1). The Cretaceous strata dip at 15° to-
wards southwest. Three drill cores from an exploration cam-
paign for the quarry surrounding area by Holcim (Deutsch-
land) Hover GmbH were investigated in detail by Seib-
ertz (2013; see Fig. 3; Wunstorf Wu2010/1 (WGS84)
52.405868° N, 9.496213°E, 51.50 m above sea level, 70 m
core depth; Wunstorf Wu2010/3 (WGS84) 52.400093° N,
9.484749°E, 51.70m above sea level, 99 m core depth;
Wunstorf Wu2010/4, (WGS84) 52.397263° N, 9.479357°E,
52.70 m above sea level, 101 m core depth) and compared to
the Wunstorf quarry succession (Wilmsen, 2003) and three
cores from former studies (Voigt et al., 2008b; Erbacher et
al., 2020; Fig. 3). The Wunstorf Wu2010/1 (Fig. 4) core con-
tains uppermost Albian to lower Cenomanian clay to marl-
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Figure 1. Paleogeographical map of Europe and the study area.
(A) Paleogeography of Europe during the Cenomanian, modified
after Philip and Floquet (2000). (B) Paleogeography of southern
Lower Saxony during the early Cenomanian, modified from Wilm-
sen et al. (2021), base map from Hiss (1995).

stones of the Herbram Formation (70-15 m core depth). The
Wunstorf Wu2010/3 core (Fig. 4) consists of ca. 23 m clay to
marlstones of the Herbram Formation (95-72 m core depth)
and about 47 m of marl-limestone alternations of the Bad-
deckenstedt Formation (72-25 m core depth). The Wunstorf
Wu2010/4 (Fig. 5) core comprises 3 m of limestone of the
Brochterbeck Formation (86—83 m core depth), 20 m of black
shale-marlstone alternations of the Hesseltal Formation (83—
63 m core depth), and 27 m limestones of the Schlde For-
mation (63-36m core depth). The detailed stratigraphical
framework mainly based on stable isotope, event, and se-
quence stratigraphy and biostratigraphy applied to the quarry
section and three drill cores is derived from Meyer (1990),
Wilmsen (2003, 2007), Erbacher et al. (2007), Voigt et
al. (2008b), Seibertz (2013), and Erbacher et al. (2020).

In the Wunstorf Wu2010/1 core, the ultimus/Aucellina
Event could be identified at 54 m depth, and the prominent
marker limestone The Rib at could be identified 15 m depth.
The crippsi Event is probably located at a depth of 38 m
(Seibertz, 2013; Fig. 4). The crippsi Event and The Rib were
also recorded in the Wunstorf Wu2010/3 core at 94 m and
72 m depth respectively (Seibertz, 2013; Fig. 4). Both can be
used for correlation; meanwhile the positions of other Ceno-
manian events remain doubtful.
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Figure 2. Chronostratigraphy, selected events, and depositional se-
quences as well as interpreted sea level curve of the Lower Saxony
Cretaceous. Depositional sequences, associated sequence bound-
aries, and sea level curve are from Janetschke et al. (2015). Age
of stage boundaries are from Gradstein et al. (2020).
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Figure 3. Schematic locality details of the study area of Wunstorf
and position of the cores: green (Voigt et al., 2008b), blue (Erbacher
et al., 2020), and red (this study). Modified from Seibertz (2013:
Fig. 5).

Above the Facies Change (82m core depth), the plenus
Bed (81-79m core depth), Fischschiefer (78-76 m core
depth), Mytiloides events (at about 64 m core depth), Weille
Grenzbank (4644 m core depth), and marl My (at about
44m core depth) could be identified in the Wunstorf
Wu2010/4 core. Above the Mytiloides events, slumping
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Figure 4. Correlated columnar sections of the Wunstorf cores Wu
2010/1 and Wu 2010/3 and their carbon isotope patterns. On the
right correlation to the carbon isotopes of the Wunstorf Wu2011/8
core of Erbacher et al. (2020: Fig. 3) and to the Anderten-1 core
of Bornemann et al. (2017: Fig. 3). Brown bar: correlation of a se-
quence boundary based on the isotopic pattern; green bar: correla-
tion based on a bio-event; grey bar: correlation based on a litho-
event.

structures occur in the Wunstorf Wu2010/4 core (Seibertz,
2013; Fig. 5).

2.2.2 Baddeckenstedt

The abandoned quarry of Baddeckenstedt with WGS84 coor-
dinates 52.091128° N, 10.229590° E is situated at the north-
ern border of the Innerste Syncline and is part of the westerly
Subhercynian Basin (Fig. 1). The outcrop shows a sequence
of marl-limestone alternations of early and middle Ceno-
manian age and limestones of late Cenomanian to middle
Turonian age. It contains ca. 24 m marl-limestone alterna-
tions of the Baddeckenstedt Formation (0—24 m) and 17.50 m
limestones of the Brochterbeck Formation (24—41.50 m). The
overlying Hesseltal and Sohlde formations are not consid-
ered in this study. A detailed framework is provided by Ba-
daye (1986), Ernst and Rehfeld (1997, 1998), and Wilmsen
and Niebuhr (2002), and a correlation to other Lower Saxo-
nian outcrops is given by Wilmsen (2003, 2007).
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Figure 5. Columnar section of the Wunstorf core Wu 2010/4 and
its carbon isotope patterns. Correlations to the Wunstorf WK1 core
of Voigt et al. (2008b: Fig. 2) are based on the isotopic patterns and
the thicknesses of strata. Grey bars: correlation of carbon isotope
patterns.

2.2.3 Sohlde

The Sohlde-Loges quarry yields around 40 m of the upper-
most Cenomanian to the upper Turonian limestones. The
stratigraphic succession contains about 1 m limestones of the
Brochterbeck Formation (—1-0m), 34 m limestones of the
Sohlde Formation (0-34 m), and 3 m limestones of the Salder
Formation (34-37 m). The quarry lies within the Lesse Syn-
cline with WGS84 coordinates 52.186238° N, 10.247489° E
and is thus part of the westerly Subhercynian Basin (Fig. 1).
Detailed stratigraphic information is given in Ernst and
Wood (1995, 1997), Voigt and Hilbrecht (1997), Ernst et
al. (1998), and Wiese (2009).

2.3 Sequence stratigraphical framework

Several sequence stratigraphic investigations provided a de-
tailed stratigraphical framework for the Cretaceous deposits
of Lower Saxony (e.g. Wilmsen, 2003; Janetschke et al.,
2015). Based on the sequence stratigraphical analysis by
Ernst et al. (1996) and Robaszynski et al. (1998), deposi-
tional sequences are bounded by unconformities called se-
quence boundaries (SB; Fig. 3).
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Five Cenomanian depositional sequences (DSs) are noted
at Baddeckenstedt and Wunstorf: DS Al-Ce 1 and DS Ce 2-
5; the Turonian strata of S6hlde and Wunstorf mentioned in
this study yield three complete depositional sequences: DS
Ce-Tu 1 and DS Tu 2-3 (Fig. 3).

3 Material and methods

The Wunstorf cores were sampled in around 5 m intervals,
and the Baddeckenstedt and Sohlde-Loges section were
sampled in about 3 m intervals. Most of the 40 samples from
Wunstorf and 31 samples from Baddeckenstedt and Schlde
consist of limestones or marly limestones. Samples from
the black shale-marlstone interval around the Cenomanian—
Turonian boundary at Wunstorf were collected from marly
limestones between the bituminous layers. Samples of about
100 g were treated with formic acid (CH,0O;) for about 24 h
at 20°C. After the complete dissolution of carbonate, the
residue was washed carefully within a 63 um sieve to re-
move all clay particles from it. This method enables stud-
ies of the agglutinated foraminiferal fauna in compacted
and highly lithified limestones, which were previously not
studied (Frieg and Kemper, 1989). The taxonomy is mainly
based on Loeblich and Tappan (1987), Frieg (1980), Frieg
and Kemper (1989), Kaminski and Gradstein (2005), Kamin-
ski et al. (2011), and Setoyama et al. (2017). The clas-
sification scheme for agglutinated foraminifers of Kamin-
ski (2014) was applied. At least 300 specimens from each
sample were counted; indeterminable specimens were not
counted. As far as possible, specimens were taxonomically
assigned at the species level, as generic information does
not seem to be fully reliable for biodiversity data analyses
(Wiese et al., 2016). Tubular agglutinated foraminifers are
usually preserved highly fragmented. The minimum frag-
mentation factor is 5 (Bubik, 2019). Thus, tubular specimen
counts were divided by the factor 5, to reduce the impact
of tubular foraminifera on the relative abundances. They are
displayed as “calculated specimens” in Sect. 5. Abundances
based on relative abundances are given as follows: very abun-
dant (> 15 %), abundant (15 %-5 %), common (5 %-2 %),
rare (2 %—1 %), and very rare (< 1 %). For diversity analy-
sis, the Fisher alpha index (Fisher et al., 1943) was calcu-
lated with PAST (version 3.26; Hammer et al., 2001), and
the total species richness (number of taxa) was calculated.
High Fisher alpha index and species richness reflect highly
diverse assemblages, while low values correspond to low-
diversity foraminiferal assemblages. Morphogroup analysis
is based on the idea that different groups of agglutinated
foraminifera can be divided by their morphology, which dif-
fers due to preferred habitats and thus different factors such
as mainly feeding strategies. Relative abundances of differ-
ent morphogroups can be linked to environmental changes
interpreted based on modern foraminiferal studies (Jones and
Charnock, 1985; Jorissen et al., 1995; Van der Zwaan et
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al., 1999; Murray et al., 2011). The scheme used in this
study (see Table 1) is modified for Cretaceous agglutinated
foraminiferal assemblages after Frenzel (2000), Cetean et
al. (2011), and Setoyama et al. (2017). All photographs were
taken on a Keyence VHX-1000 digital microscope multi-
scan at Freie Universitit, Berlin, Section Palacontology.

The bulk-carbonate carbon isotope measurements of sam-
ples of the Wunstorf cores Wu2010/1, Wu2010/3, and
Wu2010/4 were conducted at the Museum fiir Naturkunde,
Berlin, using a GasBench II linked to a Thermo Fisher Sci-
entific DeltaV isotope ratio mass spectrometer. All values are
given in per mil (%o) versus VPDB. The analytical precision
of repeated in-house standard material (limestone) is gener-
ally better than % 0.1 %o.

4 Systematics

The classification for agglutinated foraminifers of Kamin-
ski (2010) was used for the taxa recorded from the Wun-
storf cores, Baddeckenstedt, and Sohlde sections. A total of
14 522 specimens of 90 species and taxa of a higher level of
Waunstorf were determined, and 10406 specimens consisting
of 105 taxa of samples from the Baddeckenstedt and Sohlde
sections were determined. Hereinafter mentioned literature
contains first descriptions of taxa and information for identi-
fication used.

Class Foraminifera d’Orbigny 1826

Subclass Monothalamana Pawlowski, Holzmann and
Tyszka 2013

Order Astrorhizida Lankester 1885
Suborder Astrorhizina Lankester 1885
Superfamily Astrorhizoidea Brady 1881
Family Astrorhizidae Brady 1881
Genus Astrorhiza Sandahl 1858
Astrorhiza sp.

Material

One specimen from the Baddeckenstedt section.

Occurrence

Very rare.
Family Rhabdamminidae Brady 1884
Subfamily Rhabdammininae Brady 1884
Genus Rhabdammina Sars in Carpenter 1869
Rhabdammina sp.

Foss. Rec., 24, 395-441, 2021
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Table 1. Agglutinated foraminiferal morphogroups, morphotypes/test forms, and life environments modified after Frenzel (2000), Cetean et
al. (2011), and Setoyama et al. (2017) correlated to main genera treated in this study.

Morphogroup  Test form Life position Environment Main genera
Ml Tubular Erect epifauna bathyal and abyssal Bathysiphon,
Nothia,
Psammosiphonella
M2a Globular Shallow infaunal bathyal and abyssal Caudammina,
Psammosphaera,
Saccammina
M2b Rounded trocho- and Surficial epifaunal Shelf to deep marine Ataxophragmium,
streptospiral, Trochammina
planoconvex
trochospiral
M2c Elongate keeled Surficial epifaunal Shelf to marginal marine Spiroplectammina
M3a Flattened planispiral Surficial epifaunal Lagoonal to abyssal Ammodiscus,
and streptospiral Glomospira,
Repmanina
M3b Flattened irregular Surficial epifaunal Upper bathyal to abyssal Ammolagena
M3c Flattened streptospiral Surficial epifaunal Upper bathyal to abyssal Ammosphaeroidina,
Praecystammina,
Trochamminoides
M4a Rounded planispiral Surficial epifaunal Inner shelf to upper bathyal — Haplophragmoides
and/or shallow infaunal
M4b Elongate subcylindrical ~ Deep infaunal Inner shelf to upper bathyal — Arenobulimina,
Gerochammina,
Tritaxia
Elongate tapered Deep infaunal Inner shelf to upper bathyal ~Ammobaculites,
Bulbobaculites,
Pseudonodosinella
Material Occurrence

A total of 10 specimens from the Baddeckenstedt section and
15 specimens from the Sohlde section.

Occurrence

Very rare.
Subfamily Bathysiphoninae Avnimelech 1952
Genus Bathysiphon Sars 1872
Bathysiphon spp.

Material

A total of 118 calculated specimens from the Baddeckenstedt
section, 131 specimens from the Sohlde section, 235 spec-
imens from the Wunstorf Wu2010/1 core, 176 specimens
from the Wunstorf Wu2010/3 core, and 112 specimens from
the Wunstorf Wu2010/4 core.

Foss. Rec., 24, 395-441, 2021

Abundant in the uppermost Albian to lowermost Cenoma-
nian at Wunstorf and common to rare in the Cenomanian to
Turonian of Lower Saxony.

Genus Nothia Pflaumann 1964
Nothia spp.
Material

A total of 68 calculated specimens from the Baddeckenstedt
section, 15 specimens from the Sohlde section, 235 speci-
mens from the Wunstorf Wu2010/1 core, 70 specimens from
the Wunstorf Wu2010/3 core, and 31 specimens from the
Wunstorf Wu2010/4 core.

Occurrence

Abundant in the uppermost Albian at Wunstorf, common to
rare in the Cenomanian, and rare to very rare in the Turonian.

https://doi.org/10.5194/fr-24-395-2021
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Genus Psammosiphonella Avnimelich 1952
Psammosiphonella spp.
Material

A total of 99 calculated specimens from the Baddeckenstedt
section, 125 specimens from the Sohlde section, 100 speci-
mens from the Wunstorf Wu2010/1 core, 65 specimens from
the Wunstorf Wu2010/3 core, and 68 specimens from the
Wunstorf Wu2010/4 core.

Occurrence
Common to rare.

Order Saccamminina Lankester 1885

Suborder Hemisphaerammininae Loeblich and Tappan
1961, emend Mikhalevich 1995

Genus Hemisphaerammina Loeblich and Tappan 1957

Hemisphaerammina batalleri Loeblich and Tappan,
1957

1957. Hemisphaerammina batalleri, Loeblich and Tappan,
p- 224, pl. 72, fig. 3.

Material

Four specimens from the Baddeckenstedt section and six
specimens from the Sohlde section.

Occurrence
Very rare.

Hemisphaerammina glandiformis Hercogova and Kriz
1983

1983. Hemisphaerammina glandiformis Hercogovd and
Kriz, p. 210, pl. 5, figs. 5a, b.

Material

Six specimens from the Baddeckenstedt section and one
specimen from the Sohlde section.

Occurrence

Very rare.
Suborder Saccamminoidea Brady 1884
Family Saccamminidae Brady 1884
Subfamily Saccammininae Brady 1884

Genus Lagenammina Rhumbler 1911
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Lagenammina difflugiformis (Brady, 1879)

1879. Reophax difflugiformis Brady, p. 51, pl. 4, fig. 3.
1990. Lagenammina difflugiformis (Brady); Charnock and
Jones, p. 146, pl. 1, fig. 2, pl. 13, fig. 2.

Material

A total of 17 specimens from the Baddeckenstedt section and
two specimens from the Sohlde section.

Occurrence

Rare to very rare.
Genus Placentammina Thalmann 1947

Placentammina cf. placenta (Grzybowski, 1898)

1898. Reophax placenta Grzybowski, p. 276, pl. 10, figs. 9—
10.

1990. Saccammina placenta (Grzybowski); Kuhnt, p. 325,
pl. 2, fig. 1.

1993. Saccammina placenta (Grzybowski); Kaminski and
Geroch, p. 249, pl. 2, figs. 5-7.

2005. Placentammina placenta (Grzybowski); Kaminski and
Gradstein, p. 136, pl. 11, figs. 1-6.

2011. Placentammina placenta (Grzybowski); Kaminski et
al., p. 84, pl. 1, fig. 4.

Material

A total of 8 specimens from the Baddeckenstedt section, 16
specimens from the Sohlde section, 26 specimens from the
Waunstorf Wu2010/1 core, and 1 specimen from the Wunstorf
Wu2010/3 core.

Remarks

This species is reported no earlier than Santonian (Kuhnt,
1990) but appears already in the uppermost Albian of the
Waunstorf cores.

Occurrence

Common to rare in the uppermost Albian at Wunstorf, other-
wise very rare.

Genus Saccammina Carpenter 1869

Saccammina grzybowskii (Schubert, 1902)

Fig. 6a
1902. Reophax grzybowskii Schubert, p. 20, pl. 1, figs. 13a—
b.

1993. Saccammina grzybowskii (Schubert); Kaminski and
Geroch, p. 248, pl. 2, figs. 1a—4b.

Foss. Rec., 24, 395-441, 2021



402 R. M. Besen et al

2005. Saccammina grzybowskii (Schubert); Kaminski and
Gradstein, p. 132, pl. 10, figs. 1-9.

2011. Saccammina grzybowskii (Schubert); Kaminski et al.,
p- 84, pl. 1, fig. 5.

Material

A total of 23 specimens from the Baddeckenstedt section,
81 specimens from the Sohlde section, 82 specimens from
the Wunstorf Wu2010/1 core, 32 specimens from the Wun-
storf Wu2010/3 core, and 55 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Abundant to common in the uppermost Albian of Wunstorf

and in the Turonian of S6hlde and rare to very rare in all other
studied stratigraphical intervals.

Saccammina sphaerica Brady, 1871
1871. Saccammina sphaerica Brady, p. 183.
Material
Three specimens from the Sohlde section.
Occurrence
Very rare in the late Turonian.
Superfamily Psammosphaeroidea Haeckel 1894
Family Psammosphaeridae Haeckel 1894
Subfamily Psammosphaerinae Haeckel 1894
Genus Psammosphaera Schultze 1875
Psammosphaera fusca Schultze, 1875
Fig. 6b
1875. Psammosphaera fusca Schultze, p. 113, pl. 2, figs. 8a—
f.
2005. Psammosphaera fusca Schultze; Kaminski and Grad-
stein, p. 125, pl. 8, figs. 1-9.
Material
A total of 14 specimens from the Baddeckenstedt section, 5
specimens from the Sohlde section, 129 specimens from the

Wunstorf Wu2010/1 core, and 7 specimens from the Wun-
storf Wu2010/3 core.
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Occurrence

Abundant in the uppermost Albian to lowermost Cenoma-
nian of Wunstorf, otherwise very rare.

Psammosphaera irregularis (Grzybowski, 1896)

1896. Keramosphaera irregularis Grzybowski, p. 273, pl. 8,
figs. 12-13.

2005. Psammosphaera irregularis (Grzybowski); Kaminski
and Gradstein, p. 131, pl. 9, figs. 1-9.

Material

A total of 64 specimens from the Baddeckenstedt section,
74 specimens from the Sohlde section, 30 specimens from
the Wunstorf Wu2010/1 core, 3 specimens from the Wun-
storf Wu2010/3 core, and 2 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common in the uppermost Albian at Wunstorf and Turonian
at Sohlde, otherwise rare to very rare.

Subclass Tubothalama Pawlowski, Holzmann and
Tyszka 2013

Order Ammodiscida Mikhalevich 1980
Suborder Hippocrepinina Saidova 1981
Superfamily Hippocrepinoidea Rhumbler 1895
Family Hippocrepinidae Rhumbler 1895
Subfamily Jaculellinae Mikhalevich 1995
Genus Kechenotiske Loeblich and Tappan 1984
Kechenotiske sp.

Material

Five specimens from the Baddeckenstedt section and one
specimen from the Sohlde section.

Occurrence
Very rare.

Genus Tipeammina Neagu 2004
Tipeammina elliptica (Deeke, 1884)
Fig. 6¢
1884. Rhabdammina elliptica Deeke, p. 23, pl. 1, figs. 1a, b.

2004. Tipeammina elliptica (Deeke); Neagu, pl. 1, figs. 10—
12, fig. 2.
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Figure 6. Late Albian to Turonian agglutinated foraminifera from the Lower Saxonian Cretaceous; scale bars are 100 pm. (a) Saccammina
grzybowski, Wunstorf Wu2010/1, 54.00 m. (b) Psammosphaera fusca, Wunstorf Wu2010/1, 59.05 m. (¢) Tipeammina elliptica, S6hlde sec-
tion, 31.00 m. (d—e) Tipeammina sp. 1, Wunstorf Wu2010/4, 43.30 m. (f) Hyperammina gaultina, Wunstorf Wu 2010/4, 48.20 m. (g-h) Am-
molagena clavata, two specimens sticking together, Wunstorf Wu2010/3, 25.50 m. (i) Ammolagena contorta, possibly previously attached
on an inoceramid prism, Wunstorf Wu2010/4, 38.20 m. (j) Caudammina ovula, Sohlde section, 31.00 m. (k) Subreophax scalaris, Wunstorf
Wu2010/1, 69.10 m. (I) Ammodiscus cretaceus, Wunstorf Wu 2010/4, 48.20 m. (m) Ammodiscus glabratus, Wunstorf Wu2010/1, 54.65 m.
(n) Ammodiscus peruvianus, Wunstorf Wu2010/1, 54.00 m. (0) Ammodiscus tenuissimus, Wunstorf Wu2010/4, 43.30 m. (p) Glomospira
diffundens, Wunstorf Wu2010/1, 49.05m. (q) Glomospira gordialis, Wunstorf Wu 2010/3, 66.05m. (r) Repmanina charoides, Wunstorf
Wu2010/4, 38.20 m. (s) Lituotuba lituiformis, Wunstorf Wu 2010/4, 48.95 m. (t) Rzehakina minima, Wunstorf Wu2010/1, 54.80 m.

Material Fig. 6d-e
A total of 3 specimens from the Baddeckenstedt section and

15 specimens from the Sohlde section. Remarks
Occurrence

Test free, bilocular. Coarsely agglutinated, thick test. Aper-
Rare to very rare in the Turonian at Sohlde, otherwise very ~ ture at the end of the tube as simple opening. Initial cham-
rare. per is mostly nqt preserved, second chamber growing rapidly
in diameter. Differs from Tipeammina elliptica in its much

Tipeammina sp. 1 faster growth in diameter.
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Material

A total of 18 specimens from the Baddeckenstedt section,
38 specimens from the Sohlde section, 2 specimens from
the Wunstorf Wu2010/1 core, 3 specimens from the Wun-
storf Wu2010/3 core, and 29 specimens from the Wunstorf
Wu2010/4 core.

Occurrence
Rare to very rare.

Family Hyperamminidae Eimer and Fickert 1899
Subfamily Hyperammininae Eimer and Fickert 1899
Genus Hyperammina Brady 1878

Hyperammina gaultina Ten Dam, 1950

Fig. 6f
1950. Hyperammina gaultina Ten Dam, p. 5, pl. 1, fig. 2.
Material

A total of 4 specimens from the Baddeckenstedt section, 19
specimens from the Wunstorf Wu2010/1 core, and 1 speci-
men from the Wunstorf Wu2010/4 core.

Occurrence

Common in the uppermost Albian at Wunstorf, otherwise
very rare.

Hyperammina sp.
Material
Six specimens from the Sohlde section.
Occurrence
Very rare.

Superfamily Hormosinelloidea Rauser and Reitlinger
1986

Family Ammolagenidae Kaminski, Henderson, Cetean
and Waskowska 2009

Genus Ammolagena Eimer and Fickert 1899
Ammolagena clavata (Jones and Parker, 1860)

Fig. 6g-h

1860. Trochammina irregularis (d’Orbigny) var. clavat Jones
and Parker; Carpenter et al., p. 142, pl. 11, fig. 6.
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1987. Ammolagena clavata (Jones & Parker); Loeblich and
Tappan, p. 49, pl. 36, fig. 16.

2005. Ammolagena clavata (Jones & Parker); Kaminski and
Gradstein, pp. 165-168, pl. 21, fig. 21.

Material

A total of 141 specimens from the Baddeckenstedt section,
28 specimens from the Sohlde section, 100 specimens from
the Wunstorf Wu2010/1 core, 154 specimens from the Wun-
storf Wu2010/3 core, and 15 specimens from the Wunstorf
Wu2010/4 core.

Remarks

This species usually occurs only in diverse agglutinated
foraminiferal assemblages and can be used as an indicator
for a low supply of clastic material (Waskowska, 2014).

Occurrence

Abundant to common in the Cenomanian and rare to very
rare in the Turonian.

Ammolagena contorta Waters, 1927
Fig. 6i
1927. Ammolagena contorta Waters, p. 132, pl. 22, fig. 4.

2017. Ammolagena contorta Waters; Setoyama et al., p. 211,
pl. 1, fig. 2.

Material

A total of 181 specimens from the Baddeckenstedt section,
664 specimens from the Sohlde section, 44 specimens from
the Wunstorf Wu2010/1 core, 64 specimens from the Wun-
storf Wu2010/3 core, and 125 specimens from the Wunstorf
Wu2010/4 core.

Remarks

Ammolagena contorta was reported from the Upper Creta-
ceous of the Arctic realm (Setoyama et al., 2011, 2017). A
preference of colder temperate environments of this species
is therefore likely.

Occurrence

Common to rare in the Cenomanian, abundant to common in
the Turonian at Wunstorf, and very abundant to abundant in
the Turonian at Sohlde.

Family Hormosinellidae Rauser and Reitlinger 1986
Genus Caudammina Montanaro-Gallitelli 1955

Caudammina cf. excelsa (Dylazanka, 1923)
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1923. Hyperammina excelsa Dylazanka, p. 66, pl. 1, fig. 3.
1993. Hormosina excelsa (Dylazanka); Kaminski and Ge-
roch, p. 281, pl. 17, figs. 1-4b.

2005. Caudammina excelsa (Dylazanka); Kaminski and
Gradstein, p. 230, pl. 40, figs. 1a-5.

2011. Caudammina excelsa (Dylazanka); Kaminski et al.,
p- 86, pl. 2, fig. 1.

Material
Five specimens from the Wunstorf Wu2010/1 core.
Remarks

The known stratigraphic range of this species spans from
the Turonian to the Eocene (Kaminski and Gradstein, 2005),
Weidich (1990) reported it from the Berriasian to the Ceno-
manian from the northern Calcareous Alps, while Kaminski
et al. (1992) cited a similar form from the Lower Cretaceous
of the Indian Ocean.

Occurrence

Very rare in the uppermost Albian and lowermost Cenoma-
nian of Wunstorf.

Caudammina ovula (Grzybowski, 1896)
Fig. 6]

1896. Reophax ovulum Grzybowski, p. 276, pl. 8, figs. 19—
21.

1988. Hormosina ovulum ovulum (Grzybowski); Kaminski
etal., p. 186, pl. 2, fig. 10.

2005. Caudammina ovula (Grzybowski); Kaminski and
Gradstein, p. 233, pl. 41, figs. 1a-8.

2011. Caudammina ovula (Grzybowski); Kaminski et al.,
p- 86, pl. 2, fig. 3.

Material

A total of 58 specimens from the Baddeckenstedt section,
63 specimens from the Sohlde section, 3 specimens from
the Wunstorf Wu2010/1 core, 4 specimens from the Wun-
storf Wu2010/3 core, and 15 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Very rare at Wunstorf and common to rare at Baddeckenstedt
and Sohlde.

Caudammina ovuloides (Grzybowski, 1901)

1901. Reophax ovuloides Grzybowski, p. 233, pl. 8, fig. 3.
1988. Hormosina ovuloides (Grzybowski); Kaminski et al.,
p- 186, pl. 2, figs. 3—-4.
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2005. Caudammina ovuloides (Grzybowski); Kaminski and
Gradstein, p. 238, pl. 42, figs. 1a—7.

Material

Five specimens from the Baddeckenstedt section, nine speci-
mens from the Wunstorf Wu2010/1 core, and four specimens
from the Wunstorf Wu2010/3 core.

Occurrence

Very rare in the Cenomanian.
Caudammina sp.

Material
In total 24 specimens from the Sohlde section.
Occurrence

Very rare.
Genus Hormosinella Stschedrina 1969
Hormosinella fusiformis Kaminski, Cetean, Balc and

Coccioni 2011

2011. Hormosinella fusiformis Kaminski, Cetean, Balc and
Coccioni, p. 87, pl. 2, figs. 6-12.

Material
In total, 11 specimens from the Baddeckenstedt section.
Occurrence
Very rare in the lower Cenomanian of the Baddeckenstedt
section.

Genus Subreophax Saidova 1975

Subreophax scalaris (Grzybowski, 1896)

Fig. 6k
1896. Reophax guttifera (Brady) var scalaria Grzybowski,
p- 277, pl. 8, figs. 26a—b.
1988. Subreophax scalaris (Grzybowski); Kaminski et al.,
p. 187, pl. 2, figs. 16-17.
2005. Subreophax scalaris (Grzybowski); Kaminski and
Gradstein, p. 278, pl. 55, figs 1-7.

2011. Subreophax scalaris (Grzybowski); Kaminski et al.,
p. 87, pl. 3, fig. 7.

Material

A total of 3 specimens from the Baddeckenstedt section, 41
specimens from the Wunstorf Wu2010/1 core, and 6 speci-
mens from the Wunstorf Wu2010/3 core.
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Occurrence

Common in the uppermost Albian of the Wunstorf cores and
very rare in the Cenomanian.

Suborder Ammodiscina Mikhalevich 1980
Superfamily Ammodiscoidea Reuss 1862
Family Ammodiscidae Reuss 1862
Subfamily Ammodiscinae Reuss 1862
Genus Agathamminoides Vangerow 1964

Agathamminoides serpens (Grzybowski, 1898)

1898. Ammodiscus serpens Grzybowski, p. 285, pl. 10,
fig. 31 (not figs. 32 and 33).

1993. Glomospira serpens (Grzybowski); Kaminski and Ge-
roch, p. 256, pl. 6, figs. 2-5.

2005. “Glomospira” serpens (Grzybowski); Kaminski and
Gradstein, p. 189, pl. 27, figs. 1a—6b.

2021. Agathamminoides serpens (Grzybowski); Kaminski et
al., p. 347, pl. 2, fig. 11.

Material

A total of 2 specimens from the Baddeckenstedt section,
5 specimens from the Sohlde section, 14 specimens from
the Wunstorf Wu2010/1 core, 12 specimens from the Wun-
storf Wu2010/3 core, and 2 specimens from the Wunstorf
Wu2010/4 core.

Occurrence
Very rare.

Genus Ammodiscus Reuss 1862
Ammodiscus cretaceus (Reuss, 1845)

Fig. 61

1845. Operculina cretacea Reuss, p. 35, pl. 13, figs 64—65.
1934. Ammodiscus cretacea (Reuss); Cushman, p. 608,
pl. 21, figs. 3a-b.

1990. Ammodiscus cretaceus (Reuss); Kuhnt, p. 310, pl. 1,
figs. 2-3.

2005. Ammodiscus cretaceus (Reuss); Kaminski and Grad-
stein, p. 145, pl. 14, figs 1a—10.

2011. Ammodiscus cretaceus (Reuss); Kaminski et al., p. 84,
pl. 1, fig. 9.

Material

A total of 107 specimens from the Baddeckenstedt section,
100 specimens from the Sohlde section, 52 specimens from
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the Wunstorf Wu2010/1 core, 88 specimens from the Wun-
storf Wu2010/3 core, and 159 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare.
Ammodiscus glabratus Cushman and Jarvis, 1928
Fig. 6m

1928. Ammodiscus glabratus Cushman and Jarvis, p. 87,
pl. 12, fig. 6a, b.

2005. Ammodiscus glabratus Cushman and Jarvis; Kaminski
and Gradstein, p.148, pl. 15, figs. 1a—6.

2011. Ammodiscus glabratus Cushman and Jarvis; Kaminski
etal., p. 85, pl. 1, fig. 10.

Material

A total of 45 specimens from the Baddeckenstedt section,
85 specimens from the Sohlde section, 42 specimens from
the Wunstorf Wu2010/1 core, 71 specimens from the Wun-
storf Wu2010/3 core, and 166 specimens from the Wunstorf
Wu2010/4 core

Occurrence

Common to very rare.
Ammodiscus peruvianus Berry, 1928
Fig. 6n

1928. Ammodiscus peruvianus Berry, p. 392, fig. 27.

2005. Ammodiscus peruvianus Berry; Kaminski and Grad-
stein, p. 157, pl. 18, figs. 1la—6.

2011. Ammodiscus peruvianus Berry; Kaminski et al., p. 85,
pl. 1, figs. 11-12.

Material

A total of 18 specimens from the Baddeckenstedt section,
32 specimens from the Sohlde section, 46 specimens from
the Wunstorf Wu2010/1 core, 42 specimens from the Wun-
storf Wu2010/3 core, and 94 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to rare in the Turonian, otherwise very rare.

Ammodiscus tenuissimus Grzybowski, 1898

Fig. 60
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1898. Ammodiscus tenuissimus Grzybowski, p. 282, pl. 10,
fig. 35.

2005. Ammodiscus tenuissimus Grzybowski; Kaminski and
Gradstein, p. 163, pl. 20, figs. 1la—7.

Material

A total of 15 specimens from the Baddeckenstedt section,
16 specimens from the Sohlde section, 71 specimens from
the Wunstorf Wu2010/1 core, 61 specimens from the Wun-
storf Wu2010/3 core, and 124 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Abundant to common in the Cenomanian—Turonian bound-
ary interval at Wunstorf, rare to very rare in other stratigraph-
ical intervals, and very rare at Baddeckenstedt and Schlde.

Ammodiscus spp.
Material

A total of 15 specimens from the Wunstorf Wu2010/1 core,
36 specimens from the Wunstorf Wu2010/3 core, and 43
specimens from the Wunstorf Wu2010/4 core.

Occurrence
Rare to very rare.

Genus Dolgenia Kemper 1995

Dolgenia pennyi (Cushman and Jarvis, 1928)

1928. Ammodiscus pennyi Cushman and Jarvis, p. 87, pl. 12,
figs. 4-5.

2005. Ammodiscus pennyi Cushman and Jarvis; Kaminski
and Gradstein, p. 155, pl. 17, figs. 1-6.

2008. Dolgenia pennyi (Cushman and Jarvis); Dolg et al.,
2011, p. 271, pl. 3, figs. 12a-b.

2011. Dolgenia pennyi (Cushman and Jarvis); Kaminski et
al., p. 85, pl. 1, fig. 13.

Material

A total of 6 specimens from the Baddeckenstedt section,
33 specimens from the Sohlde section, 30 specimens from
the Wunstorf Wu2010/1 core, 31 specimens from the Wun-
storf Wu2010/3 core, and 28 specimens from the Wunstorf
Wu2010/4 core.

Occurrence
Rare to very rare.

Subfamily Tolypammininae Cushman 1928
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Genus Tolypammina Rhumbler 1895
Tolypammina sp.
Material

A total of 15 calculated specimens from the Baddeckenstedt
section, 8 specimens from the Sohlde section, 40 specimens
from the Wunstorf Wu2010/1 core, 42 specimens from the
Wunstorf Wu2010/3 core, and 53 specimens from the Wun-
storf Wu2010/4 core.

Occurrence
Rare to very rare.

Subfamily Usbekistaniinae Vialov 1968

Genus Glomospira Rzehak 1885

Glomospira diffundens Cushman and Renz, 1946
Fig. 6p

1946. Glomospira gordialis (Jones and Parker) var. diffun-
dens Cushman and Renz, p. 15, pl. 1, fig. 30.

1984. Glomospira gordialis diffundens Cushman and Renz.;
Hemleben and Troester, p. 519, pl. 1, fig. 21.

2005. Glomospira diffundens Cushman and Renz; Kaminski
and Gradstein, p. 175, pl. 23, figs. 1-9.

Material

A total of 9 specimens from the Baddeckenstedt section,
9 specimens from the Sohlde section, 48 specimens from
the Wunstorf Wu2010/1 core, 66 specimens from the Wun-
storf Wu2010/3 core, and 55 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare at Wunstorf and very rare at Baddeck-
enstedt and at Sohlde.

Glomospira gordialis (Jones and Parker, 1860)
Fig. 6q

1860. Trochammina squamata (Jones and Parker) var. gor-
dialis Jones and Parker, p. 292-307 (no type-figure given).
1990. Glomospira gordialis (Jones and Parker); Berggren
and Kaminski, p. 73, pl. 1, fig. 1.

2005. Glomospira gordialis (Jones and Parker); Kaminski
and Gradstein, p. 181, pl. 25, figs. 1-8.

2011. Glomospira gordialis (Jones and Parker); Kaminski et
al., p. 85, pl. 1, fig. 14.
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Material

A total of 57 specimens from the Baddeckenstedt section,
71 specimens from the Sohlde section, 40 specimens from
the Wunstorf Wu2010/1 core, 67 specimens from the Wun-
storf Wu2010/3 core, and 97 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare.
“Glomospira” irregularis (Grzybowski, 1898)

1898. Ammodiscus irregularis Grzybowski, p. 285, pl. 11,
figs. 2, 3.

1984. Glomospira? irregularis (Grzybowski); Hemleben and
Troester, p. 519, pl. 1, fig. 22.

1993. Glomospira irregularis (Grzybowski); Kaminski and
Geroch, p. 256, pl. 6, figs. 6-8b.

2005. “Glomospira” irregularis (Grzybowski); Kaminski
and Gradstein, p. 185, pl. 26, figs. la-7.

2011. “Glomospira” irregularis (Grzybowski); Kaminski et
al., p. 85, pl. 1, fig. 15.

Material

A total of 14 specimens from the Baddeckenstedt section,
39 specimens from the Sohlde section, 47 specimens from
the Wunstorf Wu2010/1 core, 76 specimens from the Wun-
storf Wu2010/3 core, and 34 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to rare in the Cenomanian at Wunstorf, otherwise
rare to very rare.

Glomospira spp.
Material
A total of 6 specimens from the Wunstorf Wu2010/1 core, 40
specimens from the Wunstorf Wu2010/3 core, and 48 speci-
mens from the Wunstorf Wu2010/4 core.
Occurrence

Rare to very rare.

Genus Repmanina Suleymanov, In Arapova and Suley-
manov 1966

Repmanina charoides (Jones and Parker, 1860)

Fig. 6r
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1860. Trochammina squamata var. charoides Jones and
Parker, p. 304.

1990. Glomospira charoides (Jones and Parker); Berggen
and Kaminski, p. 60, pl. 1, fig. 2.

2001. Repmanina charoides (Jones and Parker); Alegret and
Thomas, p. 300, pl. 10, fig. 11.

2011. Repmanina charoides (Jones and Parker); Kaminski et
al., p. 86, pl. 1, figs. 17a—b.

2017. Repmanina charoides (Jones and Parker); Setoyama et
al., p. 194, pl. 1, figs. 11-12.

Material

A total of 85 specimens from the Baddeckenstedt section,
164 specimens from the Schlde section, 29 specimens from
the Wunstorf Wu2010/1 core, 61 specimens from the Wun-
storf Wu2010/3 core, and 262 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare in the Cenomanian and abundant to
common in the Turonian.

Family Lituotubidae Loeblich and Tappan 1984

Genus Lituotuba Rhumbler 1895

Lituotuba lituiformis (Brady 1879)

Fig. 6s
1879. Trochammina lituiformis Brady, p. 59, pl. 5, fig. 16.
1990. Lituotuba lituiformis (Brady); Kuhnt, p. 318, pl. 1,
figs. 17, 18.
2005. Lituotuba lituiformis (Brady); Kaminski and Grad-
stein, p. 287, pl. 38, figs. 1-8.

2011. Lituotuba lituiformis (Brady); Kaminski et al., p. 88,
pl. 3, fig. 12.

Material

A total of 19 specimens from the Baddeckenstedt section,
31 specimens from the Sohlde section, 9 specimens from
the Wunstorf Wu2010/1 core, 11 specimens from the Wun-
storf Wu2010/3 core, and 48 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Rare to very rare.

Family Trochamminoidae Haynes and Nwabufo-Ene
1998

Genus Trochamminoides Cushman 1910

Trochamminoides spp.
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Material

A total of 132 specimens from the Baddeckenstedt section,
125 specimens from the Sohlde section, 23 specimens from
the Wunstorf Wu2010/1 core, 36 specimens from the Wun-
storf Wu2010/3 core, and 69 specimens from the Wunstorf
Wu2010/4 core.

Occurrence
Common.

Suborder Schlumbergerinina Mikhalevich 1980
Superfamily Rzehakinoidea Cushman 1933
Family Rzehakinidae Cushman 1933
Subfamily Rzehakininae Cushman 1933

Genus Rzehakina Cushman 1927

Rzehakina minima Cushman and Renz, 1946

Fig. 6t

1946. Rzehakina epigona (Rzehak) var. minima Cushman
and Renz, p. 24, pl. 3, fig. 5.

2005. Rzehakina minima Cushman and Renz; Kaminski and
Gradstein, p. 215, pl. 35, figs. 1a—10.

2011. Rzehakina minima Cushman and Renz; Kaminski et
al.,, p. 86, pl. 1, fig. 19.

Material

A total of 2 specimens from the Baddeckenstedt section, 1
specimen from the Sohlde section, and 15 specimens from
the Wunstorf Wu2010/1 core.

Occurrence

Very rare in the uppermost Albian to the upper Cenomanian
of Lower Saxony.

Subclass Globothalama Pawlowski, Holzmann and
Tyszka 2013

Order Lituolida Lankester 1885

Suborder Hormosinina Mikhalevich 1980
Superfamily Hormosinoidea Haeckel 1894
Family Aschemocellidae, Vialov 1966
Genus Kalamopsis De Folin 1883

Kalamopsis grzybowskii (Dylazanka, 1923)

1923. Hyperammina grzybowskii Dylazanka, 1923, p. 65.
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1995. Kalamopsis grzybowskii (Dylazanka); Bubik, pl. 9,
fig. 5.

2017. Kalamopsis grzybowskii (Dylazanka); Setoyama et al.,
p. 191, pl. 1, fig. 18.

Material
One specimen from the Baddeckenstedt section.
Occurrence

Very rare in the middle Cenomanian of Baddeckenstedt.
Family Reophacidae Cushman 1927
Genus Hormosinelloides Zheng 2001
Hormosinelloides guttifer (Brady, 1884)

1884. Reophax guttifera Brady, p. 278.

2011. Hormosinelloides guttifer (Brady); Kaminski, p. 87,
pl. 2, fig. 13.

Material

Five specimens from the Baddeckenstedt section, one spec-
imen from the Wunstorf Wu2010/1 core, and one specimen
from the Wunstorf Wu2010/4 core.

Occurrence

Very rare.
Genus Reophax De Montfort 1808
Reophax cft. globosus Sliter, 1968

1968. Reophax globosus Sliter, p. 43, pl. 1, fig. 12.

Remarks

The reported stratigraphic range of this species spans from
the Campanian to the Paleocene (Kaminski and Gradstein,
2005). Beckmann (1994) described it from Cenomanian
strata of Trinidad.

Material
In total 19 specimens from the Baddeckenstedt section.
Occurrence

Very rare in the lower to middle Cenomanian at Baddecken-
stedt.

Reophax scorpiurus de Montfort, 1808
1808. Reophax scorpiurus de Montfort, p. 331.

1971. Reophax scorpiurus de Montfort; Fuchs, p. 9, pl. 1,
fig. 3.
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Material

Four specimens from the Baddeckenstedt section.
Occurrence

Very rare in the lower Cenomanian at Baddeckenstedt.

Reophax subfusiformis (Earland, 1933)

Fig. 6a

1933. Reophax subfusiformis Earland, p. 74, pl. 2, figs. 16—
19.

2005. Reophax subfusiformis (Earland); Kaminski and Grad-
stein, p. 275, pl. 54, figs. 1-8.

Material

A total of 13 specimens from the Baddeckenstedt section, 2
specimens from the Sohlde section, and 96 specimens from
the Wunstorf Wu2010/1 core.

Occurrence

Abundant to common in the uppermost Albian and lower-
most Cenomanian at Wunstorf, otherwise very rare.

Family Hormosinidae Haeckel 1894
Subfamily Hormosininae Haeckel 1894
Genus Pseudonodosinella Saidova 1970
Pseudonodosinella nodulosa (Brady, 1879)

Fig. 7b

1879. Reophax nodulosa Brady, p. 52, pl. 4, figs. 7-8.

2005. Pseudonodosinella nodulosa (Brady); Kaminski and
Gradstein, p. 259, pl. 49, figs. 1-9.

2017. Pseudonodosinella nodulosa (Brady); Setoyama,
p- 193, pl. 1, fig. 21.

Material

A total of 48 specimens from the Baddeckenstedt section, 72
specimens from the Sohlde section, 27 specimens from the
Wunstorf Wu2010/3 core, and 84 specimens from the Wun-
storf Wu2010/4 core.

Occurrence

First occurrence in the lower Cenomanian of Wunstorf above
The Rib. Abundant to common in the upper Cenomanian at
Baddeckenstedt and Sohlde and in the middle Turonian at
Waunstorf, otherwise rare to very rare.
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Pseudonodosinella parvula (Huss, 1966)
Fig. 7c

1966. Reophax parvulus Huss, p. 21, pl. 1, figs. 26-30.
1995. Pseudonodosinella parvula (Huss); Geroch and
Kaminski, p. 118, pl. 2, figs. 1-19.

2011. Pseudonodosinella parvula (Huss); Kaminski et al.,
p- 88, pl. 3, fig. 11.

2017. Pseudonodosinella parvula (Huss); Setoyama et al.,
p- 193, pl. 1, fig. 22.

Material

A total of 9 specimens from the Baddeckenstedt section,
53 specimens from the Sohlde section, 15 specimens from
the Wunstorf Wu2010/1 core, 19 specimens from the Wun-
storf Wu2010/3 core, and 79 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

First occurrence in the lowermost Cenomanian of Wunstorf
and common in the lowermost Turonian of S6hlde, otherwise
rare to very rare.

Pseudonodosinella troyeri (Tappan, 1960)
Fig. 7d

1960. Reophax troyeri Tappan, p. 291, pl. 1, figs. 10-12.
1995. Pseudonodosinella troyeri (Tappan); Geroch and
Kaminski, p. 118, pl. 1, figs. 1, 2, 4-17.

Material

A total of 35 specimens from the Baddeckenstedt section,
9 specimens from the Sohlde section, 20 specimens from
the Wunstorf Wu2010/1 core, 24 specimens from the Wun-
storf Wu2010/3 core, and 10 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare in the Cenomanian. Last occurrence in
the uppermost Cenomanian at S6hlde and lowermost Turo-
nian at Wunstorf.

Suborder Lituolina Lankester 1885
Superfamily Lituolidea Blainville 1827
Family Haplophragmoididae Maync 1952
Genus Haplophragmoides Cushman 1910

Haplophragmoides aff. bubiki Setoyama, Kaminski and
Tyszka 2008

https://doi.org/10.5194/fr-24-395-2021



R. M. Besen et al.: Albian to Turonian agglutinated foraminiferal assemblages 411

Figure 7. Late Albian to Turonian agglutinated foraminifers from the Lower Saxonian Cretaceous; scale bars are 100 um. (a) Reophax sub-
fusiformis, Wunstorf Wu2010/1, 54.00 m. (b) Pseudonodosinella nodulosa, Wunstorf Wu2010/4, 48.20 m. (¢) Pseudonodosinella parvula,
Wunstorf Wu2010/4, 48.20 m. (d) Pseudonodosinella troyeri, Baddeckenstedt section, 39.00 m. (e) Haplophragmoides suborbicularis, Wun-
storf Wu2010/3, 70.50 m. (f) Haplophragmoides walteri, Wunstorf Wu2010/4, 48.95 m. (g) Ammobaculites agglutinans, Sohlde section,
31.00m. (h) Ammobaculites wenonahae, Wunstorf Wu2010/1, 19.05 m. (i) Bulbobaculites problematicus, Wunstorf Wu2010/1, 24.75 m.
(j) Spiroplectammina navarroana, Wunstorf Wu2010/4, 48.20 m. (k) Spiroplectinella cretosa, Baddeckenstedt section, 2.00 m. (1) Bicaza-
mmina lagenaria, Sohlde section, 24.00 m. (m) Parvigenerina sp. 3, Wunstorf Wu2010/4, 48.95m. (n) Eobigenerina kuhnti, Sohlde sec-
tion, 9.50 m. (0) Eobigenerina variabilis, Sohlde section, 1.50 m. (p) Rectogerochammina eugubina, Wunstorf Wu2010/4, 48.95 m. (q) Ge-
rochammina stanislawi, Wunstorf Wu2010/4, 53.15 m. (r) Plectina cenomana, Wunstorf Wu2010/3, 45.00 m. (s) Plectina mariae, Wunstorf

Wu2010/3, 84.00 m.

2008. Haplophragmoides bubiki, Setoyama, Kaminski and
Tyska p. 273, pl. 6, figs. 12a-b., pl. 7, figs. 9a—c, 10a—c.

Material

A total of 20 specimens from the Sohlde section, 17 speci-
mens from the Wunstorf Wu2010/1 core, 5 specimens from
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the Wunstorf Wu2010/3 core, and 31 specimens from the
Wunstorf Wu2010/4 core.

Remarks

This species was subsequently recorded from the Campanian
to Eocene (Setoyama et al., 2011). Our findings extend the
known stratigraphic range to early Cenomanian.
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Occurrence

Lower Cenomanian to middle Turonian of Wunstorf. Upper-
most Cenomanian (plenus Bed) to upper Turonian of Sohlde.
Very rare.

Haplophragmoides eggeri Cushman 1926

1926. Haplophragmoides eggeri Cushman p. 583, pl. 15,
fig. 1a, b.

2005. Haplophragmoides eggeri Cushman; Kaminski and
Gradstein, p. 342, pl. 75, figs. 1-6.

Material

A total of 37 specimens from the Baddeckenstedt section,
20 specimens from the Sohlde section, 20 specimens from
the Wunstorf Wu2010/1 core, 30 specimens from the Wun-
storf Wu2010/3 core, and 19 specimens from the Wunstorf
Wu2010/4 core.

Occurrence
Rare to very rare.

Haplophragmoides pervagatus Krasheninnikov, 1973

1973. Haplophragmoides Krasheninnikov,

p- 215, pl. 1, fig. 7.

pervagatus

Material

Two specimens from the Wu2010/1 core and four specimens
from the Wunstorf Wu2010/3 core.

Occurrence
Very rare in the lower Cenomanian at Wunstorf.

Haplophragmoides porrectus Maslakova, 1955

1955. Haplophragmoides porrectus Maslakova, p. 47, pl. 3,
figs. 5-6.

1988. Haplophragmoides porrectus Maslakova; Kaminski et
al., p. 189, pl. 5, figs. 7-8.

2005. Haplophragmoides porrectus Maslakova; Kaminski
and Gradstein, p. 353, pl. 79, figs. 1la—6.

Material

Two specimens from the Wunstorf Wu2010/4 core.
Occurrence

Very rare in the middle Turonian at Wunstorf.

Haplophragmoides stomatus (Grzybowski, 1898)
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1898. Trochammina stomata Grzybowski, p. 290, pl. 11,
figs. 26-27.

1993. Haplophragmoides stomatus Grzybowski; Kaminski
and Geroch, p. 311, pl. 11, figs. 1a-2b.

2005. Haplophragmoides stomatus Grzybowski; Kaminski
and Gradstein, p. 357, pl. 80, figs. 1la—6b.

Material

Five specimens from the Baddeckenstedt section, four spec-
imens from the Sohlde section, two specimens from the
Wunstorf Wu2010/1 core, five specimens from the Wun-
storf Wu2010/3 core, and seven specimens from the Wun-
storf Wu2010/4 core.

Occurrence
Very rare.

Haplophragmoides suborbicularis (Grzybowski 1896)
Fig. 6e

1896. Cyclammina suborbicularis Grzybowski p. 63, pl. 9,
figs. 5-6.

1988. Haplophragmoides suborbicularis (Grzybowski);
Kaminski et al., p. 189, pl. 5, figs. 12—-13.

Material

A total of 22 specimens from the Baddeckenstedt section,
4 specimens from the Sohlde section, 13 specimens from
the Wunstorf Wu2010/1 core, 60 specimens from the Wun-
storf Wu2010/3 core, and 32 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Rare.
Haplophragmoides walteri (Grzybowski, 1898)
Fig. 7f

Trochammina walteri Grzybowski, 1898, p. 290, pl. 11,
fig. 31.

1993. Haplophragmoides walteri Grzybowski; Kaminski
and Geroch, 1993, p. 263, pl. 10, figs. 3a—7c, p. 309, pl. 10,
figs. 3a—c.

2005. Haplophragmoides walteri Grzybowski; Kaminski
and Gradstein, 2005, p. 365, pl. 83, figs. 1-6.

Material

A total of 15 specimens from the Baddeckenstedt section,
17 specimens from the Sohlde section, 46 specimens from
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the Wunstorf Wu2010/1 core, 53 specimens from the Wun-
storf Wu2010/3 core, and 27 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to rare in the Cenomanian at Wunstorf, otherwise
very rare.

Haplophragmoides spp.

Material

A total of 2 specimens from the Baddeckenstedt section,
27 specimens from the Sohlde section, 17 specimens from
the Wunstorf Wu2010/1 core, 21 specimens from the Wun-

storf Wu2010/3 core, and 15 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Rare to very rare.
Family Lituolidae Blainville 1827
Subfamily Ammomarginulininae Podobina 1978
Genus Ammobaculites Cushman 1910
Ammobaculites agglutinans (d’Orbigny, 1846)
Fig. 7¢g
1846. Spirolina agglutinans d’Orbigny, p. 137, pl. 7, figs. 10—
12.
1952. Ammobaculites agglutinans (d’Orbigny); Bartenstein,
p- 318, pl. 1, fig. la—c; pl. 2, figs. 10-16.

2005. Ammobaculites agglutinans (d’Orbigny); Kaminski
and Gradstein, p. 324, pl. 70, figs. 1-8.

Material

A total of 45 specimens from the Baddeckenstedt section,
202 specimens from the Sohlde section, 6 specimens from
the Wunstorf Wu2010/1 core, 16 specimens from the Wun-
storf Wu2010/3 core, and 6 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Abundant to common in the Turonian of Sohlde, otherwise
common to very rare.

Ammobaculites wenonahae Tappan, 1960

Fig. 7h

1960. Ammobaculites wenonahae Tappan, p. 291, pl. 1,
figs. 3-6.

2010. Ammobaculites wenonahae Tappan; Patterson et al.,
p. 12, figs. 6.18-6.21.
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Material

Four specimens from the Wunstorf Wu2010/1 core, six spec-
imens from the Wunstorf Wu2010/3 core, and three speci-
mens from the Wunstorf Wu2010/4 core.

Occurrence

Very rare.
Ammobaculites sp.

Material

A total of 2 specimens from the S6hlde section, 12 specimens
from the Wunstorf Wu2010/1 core, 3 specimens from the
Wunstorf Wu2010/3 core, and 3 specimens from the Wun-
storf Wu2010/4 core.

Remarks
Mainly fragmented specimens not further determined.
Occurrence

Very rare.
Family Ammobaculinidae Saidova 1981
Subfamily Ammobaculininae Saidova 1981
Genus Bulbobaculites Maync 1952
Bulbobaculites problematicus (Neagu, 1962)
Fig. 7i

1962. Ammobaculites agglutinans problematicus Neagu,
p. 61, pl. 2, figs. 22-24.

1970. Ammobaculites problematicus (Neagu); Neagu, p. 39,
pl. 6, figs. 1-5.

1990. Haplophragmium problematicum (Neagu); Kuhnt,
p. 312, pl. 4, figs. 3-9.

1990. Bulbobaculites problematicus (Neagu); Kuhnt and
Kaminski, p. 465, text fig. 5, 5A.

2011. Bulbobaculites problematicus (Neagu); Kaminski et
al., p. 92, pl. 5, figs. 5-7.

Material

A total of 3 specimens from the Baddeckenstedt section,
746 specimens from the Sohlde section, 270 specimens from
the Wunstorf Wu2010/1 core, 22 specimens from the Wun-
storf Wu2010/3 core, and 969 specimens from the Wunstorf
Wu2010/4 core.
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Remarks

Bulbobaculites problematicus has a wide range of morpho-
logical variety (Kuhnt and Kaminski, 1990). It can be used
in the Atlantic realm as a post-Cenomanian marker but al-
ready appears in the Cenomanian in the Tethys realm of
the Carpathians (Neagu, 1962; Huss, 1966; Geroch and No-
vak, 1984). Tethyan post-Cenomanian assemblages with in-
creased B. problematicus are documented by Bak (2000). In
Waunstorf, this species is noted already in the Albian.

Occurrence

Very abundant at the Cenomanian—Turonian boundary inter-
val, very abundant to common in the Turonian at Sohlde,
common to rare in the Cenomanian at Wunstorf, and very
rare at Baddeckenstedt.

Family Placopsilinidae Rhumbler 1913
Subfamily Placopsilininae Rhumbler 1913
Genus Placopsilina d’Orbigny 1850

Placopsilina cenomana d’Orbignyi 1850

1850. Placopsilina cenomana d’Orbignyi, vol. 2, p. 185, n.
758.

1993. Placopsilina cenomana d’Orbignyi; Schmidt and
Jager, p. 153, Fig. 1.

Material
Two specimens from the Baddeckenstedt section.
Occurrence
Very rare.
Placopsilina sp.
Material
One specimen from the Sohlde section.
Occurrence
Very rare.
Genus Subbdelloidina Frentzen 1944

Subbdelloidina haeusleri Frentzen 1944

1944. Subbdelloidina haeusleri Frentzen, p. 332, pl. 18,
figs. 12-22.

1987. Subbdelloidina haeusleri Frentzen; Leary, p. 54, pl. 1,
fig. 13.
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Material
A total of 33 specimens from the Baddeckenstedt section.
Occurrence

Abundant at the sponge beds in the lower Cenomanian at
Baddeckenstedt, otherwise rare to very rare at Baddecken-
stedt.

Superfamily Recurvoidoidea Alekseychik-Mitskevich
1973

Family Ammosphaeroidinidae Cushman 1927
Subfamily Ammosphaeroidininae Cushman 1927
Genus Ammosphaeroidina Cushman 1910

Ammosphaeroidina pseudopauciloculata (Mjatliuk,
1966)

1966. Cystamminella pseudopauciloculata Mjatliuk, p. 264,
pl. 1, figs. 5-8; pl. 2, fig. 6; pl. 3, fig. 3.

1988. Ammosphaeroidina pseudopauciloculata (Mjatliuk);
Kaminski et al., p. 193, pl. 8, figs. 3a-5.

2011. Ammosphaeroidina pseudopauciloculata (Mjatliuk);
Kaminski et al., p. 91, pl. 4, fig. 16.

Material
A total of 38 specimens from the Schlde section.
Occurrence

Common to very rare in the middle and upper Turonian at
Sohlde.

Genus Praecystammina Krasheninnikov 1973
Praecystammina sp.

Material

Two specimens from the Sohlde section.
Occurrence

Very rare in the middle Turonian of Schlde.

Subfamily Recurvoidinae = Alekseychik-Mitskevich

1973
Genus Recurvoides Earland 1934
Recurvoides sp.
Material
A total of 10 specimens from the Baddeckenstedt section and

five specimens from the Sohlde section.
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Occurrence

Very rare.
Suborder Spiroplectamminina Mikhalevich 1992
Superfamily Spiroplectamminoidea Cushman 1927
Family Spiroplectamminidae Cushman 1927
Subfamily Spiroplectammininae Cushman 1927
Genus Spiroplectammina Cushman 1927
Spiroplectammina navarroana Cushman, 1932

Fig. 7j
1932. Spiroplectammina navarroana Cushman, p. 96, pl. 11,
fig. 14.
1989. Spiroplectammina navarroana Cushman; Gradstein
and Kaminski, p. 83, pl. 9, figs. 1la—12.
2005. Spiroplectammina navarroana Cushman; Kaminski
and Gradstein, p. 426, pl. 103, figs. 1a—12.

2017. Spiroplectammina navarroana Cushman; Setoyama et
al., p. 196, pl. 2, fig. 12.

Material

A total of 70 specimens from the Baddeckenstedt section,
338 specimens from the Sohlde section, 8 specimens from
the Wunstorf Wu2010/3 core, and 285 specimens from the
Wunstorf Wu2010/4 core.

Occurrence

First occurrence in the lower Cenomanian above The Rib.
Very abundant in the Cenomanian—Turonian boundary inter-
val at Wunstorf and in the upper Turonian at Sohlde, abun-
dant to common in the upper Cenomanian to Turonian, and
very rare in the lower to middle Cenomanian.

Spiroplectammina sp.
Material
In total eight specimens from the S6hlde section.
Occurrence
Very rare.
Genus Spiroplectinella Kisel’man 1972

Spiroplectinella cretosa (Cushman, 1932)

Fig. 7k

1932. Spiroplectammina laevis (Roemer) var. cretosa Cush-
man, pl. 11, fig. 3.
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1972. Spiroplectammina cretosa Cushman; Hanzlikova,
pl. 10. Fig. 9.

1997. Spiroplectinella cretosa (Cushman); Holbourn and
Kaminski, p. 136, pl. 2, figs. 4-7.

Material

A total of 29 specimens from the Baddeckenstedt section, 4
specimens from the Wunstorf Wu2010/1 core, and 2 speci-
mens from the Wunstorf Wu2010/3 core.

Occurrence

Rare to very rare in the lower and middle Cenomanian of
Lower Saxony.

Family Textulariopsidae Loeblich and Tappan 1982
Genus Bicazammina Neagu and Neagu 1995
Bicazammina lagenaria (Krasheninnikov, 1974)

Fig. 71

1974. Pseudobolivina lagenaria Krasheninnikov, p. 639,
pl. 5, figs. la-b, 2c.

1990. Pseudobolivina lagenaria Krasheninnikov; Kuhnt,
p- 322, pl. 6, figs. 3-6.

2008. Bicazammina lagenaria (Krasheninnikov); Cetean et
al., p. 24, tab. 1, pl. 1, fig. 17.

2011. Bicazammina lagenaria (Krasheninnikov); Kaminski
etal., p. 92, pl. 5, figs. 10-11.

Material

A total of 4 specimens from the Baddeckenstedt section, 29
specimens from the Sohlde section, 2 specimens from the
Waunstorf Wu2010/3 core, and 40 specimens from the Wun-
storf Wu2010/4 core.

Occurrence
Rare to very rare.

Genus Rashnovammina Neagu and Neagu 1995

Rashnovammina munda (Krasheninnikov, 1974)

1974. Pseudobolivina munda Krasheninnikov, p. 210, pl. 2,
figs. 10, 11.

1990. Pseudobolivina sp. cf. munda (Krasheninnikov);
Kuhnt, p. 324, pl. 6, figs. 1, 2.

2008. Rashnovammina munda (Krasheninnikov); Cetean et
al., p. 138, pl. 1, fig. 14.

2011. Rashnovammina munda (Krasheninnikov); Kaminski
etal., p. 93, pl. 5, fig. 16.
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Material

One specimen from the Wunstorf Wu2010/3 core and one
specimen from the Wunstorf Wu2010/4 core.

Occurrence

Very rare.
Genus Textulariopsis Banner and Pereira 1981
Textulariopsis rioensis (Carsey, 1926)

1926. Textularia rioensis Carsey, p. 24, pl. 7, fig. 2.
1982. Textulariopsis rioensis (Carsey), Loeblich and Tappan,
p- 67, pl. 2, figs. 26-28.

Material

One specimen from the Baddeckenstedt and three specimens
from the Wunstorf Wu2010/1 core.

Occurrence

Very rare.
Textulariopsis sp.

Material

One specimen from the Sohlde section.

Occurrence

Very rare.
Family Pseudobolivinidae Wiesner 1931
Genus Parvigenerina Vella 1957
Parvigenerina sp. 3 (Kuhnt 1990)
Fig. 7Tm

1990. Pseudobolivina sp. 3 Kuhnt, p. 324, pl. 6, fig. 5.

2008. Parvigenerina sp. 3 (Kuhnt); Cetean et al., p. 23, pl. 1,
figs. 20, 21.

2011. Parvigenerina sp. 3 (Kuhnt); Kaminski et al., p. 93,
pl. 5, figs. 13-14.

Material
A total of 2 specimens from the Baddeckenstedt section, 93
specimens from the Sohlde section, 7 specimens from the

Wunstorf Wu2010/3 core, and 95 specimens from the Wun-
storf Wu2010/4 core.
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Occurrence

Common to rare in the middle Turonian, otherwise rare to
very rare.

Suborder Trochamminina Saidova 1981
Superfamily Trochamminoidea Schwager 1877
Family Trochamminidae Schwager 1877
Subfamily Trochammininae Schwager 1877
Genus Trochammina Parker and Jones 1859
Trochammina spp.

Material

A total of 39 specimens from the Baddeckenstedt section,
124 specimens from the Sohlde section, 20 specimens from
the Wunstorf Wu2010/1 core, 42 specimens from the Wun-
storf Wu2010/3 core, and 35 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare.

Suborder Verneuilinina Mikhalevich and Kaminski
2004

Superfamily Verneuilinoidea Cushman 1911
Family Prolixoplectidae Loeblich and Tappan 1985

Genus Eobigenerina Cetean, Setoyama, Kaminski,
Neagu, Bubik, Filipescu and Tyszka 2008

Eobigenerina kuhnti Cetean, Setoyama, Kaminski,
Neagu, Bubik, Filipescu and Tyszka 2008

Fig. 7n
2008. Eobigenerina kuhnti Cetean, Setoyama, Kaminski,
Neagu, Bubik, Filipescu and Tyszka, p. 22, pl. 1, figs. 13—
16.
Material
A total of specimen from the Baddeckenstedt section, 17
specimens from the Sohlde section, 2 specimens from the

Wunstorf Wu2010/3 core, and 5 specimens from the Wun-
storf Wu2010/4 core.
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Occurrence

Very rare.

v

Eobigenerina variabilis (Vasicek, 1947)

Fig. 7o

1947. Bigenerina variabilis Vasicek, p. 246, pl. 1, figs. 10—
12.

1970. Pseudobolivina variabilis (Vasicek); Neagu, p. 41,
pl. 5, figs. 13—16.

2008. Eobigenerina variabilis (Vasicek); Cetean et al., p. 6—
7.

2011. Eobigenerina variabilis (VasiCek); Kaminski et al.,
p- 92, pl. 5, figs. 12a-b.

Material

A total of 11 specimens from the Baddeckenstedt section,
101 specimens from the Sohlde section, 5 specimens from
the Wunstorf Wu2010/1 core, 6 specimens from the Wun-
storf Wu2010/3 core, and 278 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Very abundant in the Cenomanian—Turonian boundary inter-
val, abundant to rare in the Turonian, and very rare in the
Cenomanian.

Genus Rectogerochammina Kaminski, Cetean and
Neagu 2010

Rectogerochammina eugubina Kaminski, Cetean and
Neagu 2010

Fig. 7p

2010. Rectogerochammina eugubina Kaminski, Cetean and
Neagu, p. 122, text-figs. 1-2.

2011. Rectogerochammina eugubina Kaminski, Cetean and
Neagu; Kaminski et al., p. 94, pl. 5, figs. 17a-b.

Material

A total of 55 specimens from the Sohlde section, 1 speci-
men from the Wunstorf Wu2010/1 core, 1 specimen from the
Wunstorf Wu2010/3 core, and 80 specimens from the Wun-
storf Wu2010/4 core.

Occurrence

Common to rare in the Turonian, very rare in the Cenoma-
nian, and absent in Baddeckenstedt.

Genus Gerochammina Neagu 1990
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Gerochammina stanislawi Neagu, 1990
Fig. 7q

1990. Gerochammina stanislawi Neagu, p. 253, pl. 1, figs 1-
26.

Material

A total of 56 specimens from the Baddeckenstedt section,
168 specimens from the Sohlde section, 8 specimens from
the Wunstorf Wu2010/1 core, 10 specimens from the Wun-

storf Wu2010/3 core, and 194 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare in the Cenomanian up to lower Turo-
nian and abundant to rare in the middle and upper Turonian.

Genus Kadriayina Al-Najdi 1975
Kadriayina gradata (Berthelin, 1880)
Fig. 7t

1880. Gaudryina gradata Berthelin, p. 24, pl. 1, figs. 6a—c.
1972. Dorothia gradata (Berthelin); Gawor-Biedowa, p. 29,
pl. 2, figs. 7a-b.

1997. Kadriayina gradata (Berthelin); Holbourn and Kamin-
ski, p. 51.

Material

A total 86 specimens from the Baddeckenstedt section, 4
specimens from the Sohlde section, 168 specimens from the
Wunstorf Wu2010/1 core, 149 specimens from the Wun-
storf Wu2010/3 core, and 12 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Uppermost Albian and Cenomanian, abundant to common in

the Cenomanian at Wunstorf, and common to rare at Bad-
deckenstedt.

Genus Plectina Marsson 1878
Plectina cenomana Carter and Hart, 1977
Fig. 7r
1977. Plectina cenomana Carter and Hart, p. 12, pl. 2, fig. 9.

1980. Plectina cenomana Carter and Hart; Frieg, p. 235, text-
fig. 2.4.
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Material

A total 345 specimens from the Baddeckenstedt section, 15
specimens from the So6hlde section, 15 specimens from the
Wunstorf Wu2010/1 core, 127 specimens from the Wun-
storf Wu2010/3 core, and 17 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Abundant to common in the lower Cenomanian from the
crippsi Event onwards to the upper Cenomanian below
OAE2.

Plectina mariae (Franke, 1928)
Fig. 7s

1928. Gaudryina ruthenica Reuss f. mariae Franke, p. 146,
pl. 13, figs. 15a, b.

1937. Plectina ruthenica Reuss var. mariae (Franke); Cush-
man, p. 106, pl. 11, fig. 15.

1977. Plectina mariae (Franke); Carter and Hart, p. 13, pl. 2,
fig. 8.

1980. Plectina mariae (Franke); Frieg, text-figs. 2.5-6.

Material

A total of 102 specimens from the Baddeckenstedt sec-
tion, 2 specimens from the Sohlde section, 1 specimen from
the Wunstorf Wu2010/1 core, 15 specimens from the Wun-
storf Wu2010/3 core, and 8 specimens from the Wunstorf
Wu2010/4 core.

Occurrence
Common to very rare in the lower Cenomanian from the
crippsi Event onwards to the upper Cenomanian below
OAE2.

Family Tritaxiidae Plotnikova 1979

Genus Tritaxia Reuss 1860

Tritaxia gaultina (Morozowa, 1948)

Fig. 8a

1948. Clavulina gaultina Morozowa, p. 36, pl. 1, fig. 4.
1970. Tritaxia gaultina (Morozowa); Neagu.

Material

A total of 123 specimens from the Wunstorf Wu2010/1 core
and 1 specimen from the Wunstorf Wu2010/4 core.
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Occurrence

Abundant to common in the lower Cenomanian at Wunstorf
between the crippsi Event and The Rib, otherwise very rare.

Tritaxia macfadyeni Cushman, 1936

Fig. 8b
1936. Tritaxia macfadyeni Cushman, p. 3, pl. 1m figs. 6a, b.

Material

A total of 39 specimens from the Wunstorf Wu2010/1 core
and three specimens from the Wunstorf Wu2010/4 core.

Remarks

Always smaller than 7. tricarinata and with a much more
rounded and smooth cross section.

Occurrence

Mass occurrence (abundant) in the lower Cenomanian of
Waunstorf around the crippsi Event, otherwise very rare.

Tritaxia tricarinata (Reuss 1845)

Fig. 8c

1845. Textularia tricarinata Reuss, p. 39, pl. 8, fig. 60.
1863. Dentalinopsis tricarinatum (Reuss); Reuss, p. 119,
pl. 18, fig. 13.

1892. Tritaxia tricarinata (Reuss); Chapman, p. 34-35,
pl. 11, fig. 1.

1972. Tritaxia tricarinata (Reuss); Hanzlikova, p. 54, pl. 11,
fig. 11.

1980. Tritaxia tricarinata (Reuss); Frieg, p. 234.

Material

A total of 722 specimens from the Baddeckenstedt section,
14 specimens from the Sohlde section, 387 specimens from
the Wunstorf Wu2010/1 core, 371 specimens from the Wun-
storf Wu2010/3 core, and 86 specimens from the Wunstorf
Wu2010/4 core.

Remarks

Frieg (1980) showed a clear transition of the suture angles
between Tritaxia tricarinata and T. pyramidata (Reuss). T.
pyramidata must be seen as a junior synonym.

Occurrence

Very abundant to common in the Cenomanian, abundant to
very rare in the Turonian at Wunstorf, and rare to very rare at
Sohlde.
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Figure 8. Late Albian to Turonian agglutinated foraminifers from the Lower Saxonian Cretaceous; scale bars are 100um. (a) Tri-
taxia gaultina, Wunstorf Wu2010/1, 19.05m. (b) Tritaxia tricarinata, Wunstorf Wu2010/1, 19.05 m. (¢) Tritaxia macfadyeni, Wunstorf
Wu2010/1, 34.10m. (d—e) Eggerellina brevis, Baddeckenstedt section, 19.30m. (f) Eggerellina mariae, Wunstorf Wu2010/3, 30.15m.
(g) Flourensina intermedia, Wunstorf Wu2010/1, 54.80 m. (h) Gaudryina sp. 1, Baddeckenstedt section, 39.00m. (i) Verneuilinoides sp.,
Wunstorf Wu2010/4, 48.95 m. (j) Vialovella frankei, Wunstorf Wu2010/1, 15.20 m. (k) Arenobulimina bochumensis, Baddeckenstedt section,
9.00 m. (1) Arenobulimina preslii, Wunstorf Wu2010/4, 43.30 m. (m) Arenobulimina truncata, Wunstorf Wu2010/4, 43.30 m. (n—0) Atax-
ophragmium depressum, Wunstorf Wu2010/4, 58.60 m. (p) Hagenowella elevata, Wunstorf Wu2010/4, 58.60m. (q) Voloshinoides ad-
venus, Wunstorf Wu2010/1, 29.25 m. (r) Voloshinoides anglicus, Baddeckenstedt section, 7.00 m. (s) Pseudotextulariella cretosa, Wunstorf
Wu2010/1, 19.05 m. (t) Kadriayina gradata, Wunstorf Wu2010/3, 66.05 m. (w) Marssonella ozawai, Wunstorf Wu2010/1, 15.20 m.

Family Verneuilinidae Cushman 1911 1972. Eggerellina brevis (d’Orbignyi); Voloshina, p. 92,

pl. 9, figs. 2-3; pl. 21, fig. 2.
Subfamily Verneuilinoidinae Suleymanov 1973

Genus Eggerellina Marie 1941 Material
Eggerellina brevis (d’Orbignyi, 1840) A total of 275 specimens from the Baddeckenstedt section,
92 specimens from the Sohlde section, 59 specimens from
Fig. 8d-e the Wunstorf Wu2010/1 core, 62 specimens from the Wun-
storf Wu2010/3 core, and 46 specimens from the Wunstorf
1840. Bulimina brevis d’Orbignyi, p. 41, pl. 4, figs. 13—-14. Wu2010/4 core.
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Occurrence

Common to very rare at Wunstorf, abundant to common at
Baddeckenstedt, and common to very rare at S6hlde.

Eggerellina mariae Ten Dam, 1950
Fig. 8f
1950. Eggerellina mariae Ten Dam, p. 15, pl. 1, figs. 17a—e.

1975. Eggerellina mariae Ten Dam; Magniez-Jannin, p. 94,
pl. 6, figs. 12-21.

Material

A total of 282 specimens from the Baddeckenstedt section,
51 specimens from the S6hlde section, 121 specimens from
the Wunstorf Wu2010/1 core, 75 specimens from the Wun-
storf Wu2010/3 core, and 14 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Abundant to common in the Cenomanian and rare to very
rare in the Turonian.

Genus Flourensina Marie 1938
Flourensina intermedia Ten Dam, 1950

Fig. 8g
1950. Flourensina intermedia Ten Dam, p. 15, pl. 1, fig. 16.

Material

A total of 35 specimens from the Baddeckenstedt section,
253 specimens from the Wunstorf Wu2010/1 core, 213 spec-
imens from the Wunstorf Wu2010/3 core, and 1 specimen
from the Wunstorf Wu2010/4 core.

Remarks

The systematic position, occurrence, and paleogeographi-
cal distribution of Flourensina intermedia is intensively dis-
cussed in Frieg and Kemper (1989). Like observed in the
Konrad 101 core, and outcrops in the Miinsterland Basin,
Flourensina intermedia occurs frequently over the whole
Cenomanian in Baddeckenstedt.

Occurrence

Abundant to common in the uppermost Albian up to the up-
per Cenomanian until below the Facies Change at Wunstorf
and common to very rare in the Cenomanian at Baddecken-
stedt.

Genus Gaudryinopsis Podobina 1975
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Gaudryinopsis filiformis (Berthelin, 1880)

1880. Gaudryina filiformis Berthelin, p. 25, pl. 1, fig. 8a—d.
1937. Dorothia filiformis (Berthelin); Cushman, p. 73, pl. 8,
figs. 1-2.

1993. Gaudryinopsis filiformis (Berthelin); Haig and Lynch,
p- 346.

Material

A total of 34 specimens from the Baddeckenstedt section, 13
specimens from the Sohlde section, 25 specimens from the
Wunstorf Wu2010/1 core, and 7 specimens from the Wun-
storf Wu2010/3 core.

Occurrence

Rare to very rare in the uppermost Albian to upper Cenoma-
nian.

Genus Verneuilinoides Loeblich and Tappan 1949
Verneuilinoides spp.
Fig. 8i

Material

A total of 35 specimens from the Baddeckenstedt section,
92 specimens from the Sohlde section, 3 specimens from the
Wunstorf Wu2010/3 core, and 48 specimens from the Wun-
storf Wu2010/4 core.

Occurrence

Common to very rare.
Genus Vialovella Voloshina 1972
Vialovella frankei (Cushman, 1936)
Fig. §j

1936. Arenobulimina frankei Cushman, p. 27, pl. 4, figs. 5a—
b.

1969. Arenobulimina frankei Cushman; Gawor-Biedowa,
p. 84, pl. 5, figs. 4, 5, pl. 7, figs. 6-8.

1972. Vialovella frankei (Cushman); Voloshina, p. 87, pl. 8,
fig. 8.

1977. Arenobulimina frankei Cushman; Carter and Hart,
p. 15, pl. 1, fig. 1, plL. 2, fig. 5.

1982. Vialovella praefrankei (Cushman); Frieg and Price,
p- 47, pl. 2.1., figs. a—c.

1989. Vialovella frankei (Cushman); Frieg and Kemper,
p. 104, pl. 15, figs. 12-20.
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Material

A total of 443 specimens from the Baddeckenstedt section,
38 specimens from the Schlde section, 297 specimens from
the Wunstorf Wu2010/1 core, 269 specimens from the Wun-
storf Wu2010/3 core, and 19 specimens from the Wunstorf
Wu2010/4 core.

Remarks

Initially described as Arenobulimina frankei by Cush-
man (1936), Frieg and Price (1982), and Frieg and Kem-
per (1989) described the clearly triserial chamber arrange-
ment of this species. Therefore, we follow their classification
as Vialovella frankei.

Occurrence

Very abundant to common in the uppermost Albian up to
the upper Cenomanian. Last occurrence below the Facies
Change at Sohlde and Baddeckenstedt and in the plenus Bed
at Wunstorf.

Family Reophacellidae Mikhalevich and Kaminski
2004

Genus Gaudryina d’Orbignyi 1839
Gaudryina sp.1
Fig. 8h

Material

A total of 108 specimens from the Baddeckenstedt section,
7 specimens from the Sohlde section, 24 specimens from
the Wunstorf Wu2010/1 core, 66 specimens from the Wun-
storf Wu2010/3 core, and 5 specimens from the Wunstorf
Wu2010/4 core.

Remarks

Test free, elongate, triserial and triangular in section, biserial
part reduced, finely to medium-grained agglutinated, cham-
bers are inflated, and sutures commonly distinct.

Occurrence

Common to rare in the Cenomanian until below the Facies
Change.

Genus Uvigerinammina Majzon 1943

Uvigerinammina jankoi Majzon, 1943

1943. Uvigerinammina jankoi Majzon, p. 158, pl. 2, fig. 15a,
b.

1995. Uvigerinammina jankoi Majzon; Bubik, p. 89, pl. 13,
fig. 13.
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2011. Uvigerinammina jankoi Majzon; Kaminski et al.,
p. 94, pl. 5, fig. 19.

2017. Uvigerinammina jankoi Majzon; Setoyama et al.,
p. 197, pl. 4, figs. 8-9.

Material

A total of 17 specimens from the Schlde section.
Occurrence

Rare to very rare in the middle and upper Turonian of Sohlde.

Subfamily Spiroplectinatinae Cushman 1928
Genus Spiroplectinata Cushman 1927

Spiroplectinata bettenstaedti Grabert, 1959

1959. Spiroplectinata bettenstaedti Grabert, p. 15, pl. 1,
figs. 14-15; pl. 2, figs. 42—45; pl. 3, figs. 89-90.

Material

One specimen from the Wunstorf Wu2010/3 core.
Occurrence

Very rare in the lower Cenomanian.

Subfamily Verneuilininae Cushman 1911
Genus Gaudryinella Plummer 1931

Gaudryinella irregularis Tappan, 1943

1943. Gaudryinella irregularis Tappan, p. 493, pl. 78,
figs. 22-24.

1990. Gaudryinella irregularis Tappan; Weidich, p. 104,
pl. 9, figs. 10-11; pl. 35, fig. 7.

Material
A total of 39 specimens from the Schlde section.
Occurrence

Rare to very rare in the middle and upper Turonian of Sohlde.

Order Loftusiida Kaminski and Mikhalevich 2004
Suborder Ataxophragmiina Fursenko 1958
Superfamily Ataxophragmioidea Schwager 1877
Family Ataxophragmiidae Schwager 1877
Subfamily Ataxophragmiinae Schwager 1877

Genus Arenobulimina Cushman 1927
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Arenobulimina barnardi Frieg and Price, 1982

1982. Arenobulimina barnardi Frieg and Price, p. 58, pl. 2.2,
fig. f.

1989. Arenobulimina (Pasternakia) barnardi (Frieg and
Price); Frieg and Kemper, p. 90, pl. 2, figs. 1-5.

Material

A total of 81 specimens from the Baddeckenstedt section,
15 specimens from the Sohlde section, 121 specimens from
the Wunstorf Wu2010/1 core, 75 specimens from the Wun-
storf Wu2010/3 core, and 9 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common in the uppermost Albian and lower Cenomanian of
Waunstorf, otherwise rare to very rare.

Arenobulimina bochumensis Frieg, 1980

Fig. 8k

1980. Arenobulimina bochumensis Frieg, p. 235, pl. 2,
figs. 1-3.

1989. A. (Pasternakia) bochumensis Frieg; Frieg and Kem-
per, p. 90, pl. 3, figs. 1-29.

Material

A total of 16 specimens from the Baddeckenstedt section,
75 specimens from the Sohlde section, 16 specimens from
the Wunstorf Wu2010/1 core, 25 specimens from the Wun-
storf Wu2010/3 core, and 162 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to rare in the Turonian and very rare in the Ceno-
manian.

Arenobulimina improcera Voloshina, 1972

1972. Arenobulimina improcera Voloshina, p.71, pl. 4, fig. 2.
1982. Arenobulimina (Harena) improcera Voloshina; Frieg
and Price, p. 57, pl. 2.1, fig. j.

Material
A total of 18 specimens from the Wunstorf Wu2010/3 core.
Occurrence

Very rare in the lower Cenomanian of Wunstorf above The
Rib.

Arenobulimina preslii (Reuss, 1845)
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Fig. 81

1845. Bulimina preslii Reuss, p. 38, pl. 13, fig. 72.

1972. Arenobulimina preslii (Reuss); Voloshina, p. 59, pl. 1,
figs. 2-3.

1982. A. (Arenobulimina) preslii (Reuss); Frieg and Price,
p- 52, pl. 2.1., figs. d-h

1989. A. (Arenobulimina) preslii (Reuss); Frieg and Kemper,
p- 89, pl. 1, figs. 1-22.

Material

A total of 135 specimens from the Baddeckenstedt section,
75 specimens from the Sohlde section, 79 specimens from
the Wunstorf Wu2010/1 core, 75 specimens from the Wun-
storf Wu2010/3 core, and 345 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Very abundant to common in the Turonian at Wunstorf, oth-
erwise common to very rare. First occurrence between ul-
timus/Aucellina and crippsi events.

Arenobulimina truncata (Reuss, 1844)
Fig. 8m

1844. Bulimina truncata Reuss, p. 215, pl. 8, fig. 73.

1937. Arenobulimina truncata (Reuss); Cushman, p. 40,
pl. 4, figs. 15, 16.

Material

A total of 217 specimens from the Baddeckenstedt section,
132 specimens from the Sohlde section, 314 specimens from
the Wunstorf Wu2010/1 core, 162 specimens from the Wun-
storf Wu2010/3 core, and 227 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Abundant to common and absent at the Cenomanian—
Turonian boundary interval.

Arenobulimina spp.

Material

A total of 113 specimens from the Baddeckenstedt section,
29 specimens from the Sohlde section, 332 specimens from
the Wunstorf Wu2010/1 core, 306 specimens from the Wun-
storf Wu2010/3 core, and 131 specimens from the Wunstorf
Wu2010/4 core.

Remarks

Broken, indeterminable specimens.
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Occurrence
Common to very rare.
Genus Ataxophragmium Reuss 1860

Ataxophragmium compactum Brotzen, 1936

1936. Ataxophragmium compactum, Brotzen, p. 42, pl. 2,
figs. 3, 10.

Material

Two specimens from the Baddeckenstedt section and two
specimens from the Wunstorf Wu2010/4 core.

Occurrence

Very rare.
Ataxophragmium depressum (Perner, 1892)
Fig. 8n—o

1882. Bulimina depressa, Perner, p. 55, pl. 3, fig. 3.

1937. Pernerina depressa (Perner); Cushman, p. 195, pl. 21,
figs. 5-9.

1972. Ataxophragmium aff. depressum (Perner); Voloshina,
p- 104, pl. 11, fig. 6.

1980. Ataxophragmium depressum (Perner); Frieg, p. 237,
text-figs. 2. 9-10.

Material

A total of 51 specimens from the Baddeckenstedt section, 4
specimens from the Sohlde section, and 13 specimens from
the Wunstorf Wu2010/4 core.

Occurrence
Common to very rare.
Ataxophragmium sp.
Material
Three specimens from the Sohlde section.
Remarks
Broken, indeterminable specimens.
Occurrence
Very rare.

Genus Hagenowella Cushman 1933

Hagenowella elevata (d’Orbignyi, 1840)
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Fig. 8p

1840. Globigerina elevata d’Orbignyi, p. 34, pl. 3, figs. 15—
16.

1972. Arenobulimina (Novatrix) elevata (d’Orbignyi);
Voloshina, p. 78, pl. 15, fig. 3, pl. 6, fig. 1, pl. 21, fig. 1.
1982. Arenobulimina (Hagenowella) elevata (d’Orbignyi);
Frieg and Price, p. 55, pl. 2.1,, fig. 1; pl. 2.2., figs. a-b.
1989. Hagenowella elevata (d’Orbignyi); Frieg and Kemper,
p. 98, pl. 2, figs. 6-9.

Material

A total of 187 specimens from the Baddeckenstedt section,
88 specimens from the Sohlde section, 33 specimens from
the Wunstorf Wu2010/1 core, 61 specimens from the Wun-
storf Wu2010/3 core, and 169 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Abundant to common in the Cenomanian of Baddeckenstedt
and in the Turonian of Wunstorf, otherwise rare to very rare.

Hagenowella obesa (Reuss, 1851)

1851. Bulimina obesa Reuss, p. 40, pl. 4, fig. 12; pl. 5, fig. 1.
1937. Arenobulimina obesa (Reuss); Cushman, p. 43, pl. 4,
figs. 26, 27.

1982. Arenobulimina (Hagenowella) obesa (Reuss); Frieg
and Price, p. 56, pl. 2.2, figs. c—d; pl. 2.3., fig. i.

Material

A total of 90 specimens from the Baddeckenstedt section,
16 specimens from the Sohlde section, 18 specimens from
the Wunstorf Wu2010/1 core, 52 specimens from the Wun-
storf Wu2010/3 core, and 31 specimens from the Wunstorf
Wu2010/4 core.

Occurrence

Common to very rare in the Cenomanian to the upper Turo-
nian.

Subfamily Pernerininae Loeblich and Tappan 1984
Genus Voloshinoides Barnard and Banner 1980
Voloshinoides advenus (Cushman, 1936)

Fig. 8q

1936. Hagenowella advena Cushman, p. 43, pl. 6, fig. 21.
1969. Arenobulimina advena (Cushman); Gawor-Biedowa,
p. 86, pl. 8, figs. 1-4.
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1977. Arenobulimina advena (Cushman); Carter and Hart,
p- 14, pl. 2, fig. 4.

1982. Hagenowina advena (Cushman); Frieg and Price,
p. 68, pl. 2.3, figs. g, h.

1989. Voloshinoides advena (Cushman); Frieg and Kemper,
p.- 94, pl. 5, figs. 5-8, 21-27; pl. 7, fig. 3; pl. 10, figs. 8-15;
pl. 11, figs. 10-11.

Material

A total of 216 specimens from the Baddeckenstedt section,
199 specimens from the Wunstorf Wu2010/1 core, and 184
specimens from the Wunstorf Wu2010/3 core.

Remarks

This study follows the intensively discussed generic affilia-
tion of this species by Frieg and Kemper (1989).

Occurrence

Abundant to common in the uppermost Albian to middle
Cenomanian and rare to very rare in the upper Cenomanian
below the Facies Change.

Voloshinoides anglicus (Cushman, 1936)

Fig. 8r
1936. Arenobulimina anglica Cushman, p. 27, pl. 4, fig. 8.
1982. Hagenowina anglica (Cushman); Frieg and Price,
p- 68, pl. 2.3, figs. i-m.
1989. Voloshinoides anglicus (Cushman); Frieg and Kemper,
p- 95, pl. 5, figs. 1-4; pl. 6, figs. 1-6; pl. 7, fig. 8; pl. 8, figs. 2—

3,5-8, 11-12; pl. 9, figs. 1-4; pl. 10, figs. 1-7; pl. 11, figs. 4—
9.

Material

A total of 159 specimens from the Baddeckenstedt section, 5
specimens from the Sohlde section, 146 specimens from the
Waunstorf Wu2010/1 core, and 88 specimens from the Wun-
storf Wu2010/3 core.

Remarks

This study follows the intensively discussed generic affilia-
tion of this species by Frieg and Kemper (1989).

Occurrence

Abundant to common in the lower Cenomanian and middle
Cenomanian and rare to very rare in the upper Cenomanian.

Voloshinoides d’orbignyi (Reuss, 1845)

1845. Bulimina d’orbignyi Reuss, p. 38, pl. 13, fig. 74.
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1937. Arenobulimina d’orbignyi (Reuss); Cushman, p. 39,
pl. 4, figs. 9-12.

1969. Arenobulimina polonica Gawor-Biedowa, p. 90, pl. 6,
fig. 3, pl. 8, figs. 5-8.

1982. Hagenowina d’orbignyi (Reuss); Frieg and Price,
p.- 70, pl. 2, 3, figs. n, 0.

1989. Voloshinoides d’orbignyi (Reuss); Frieg and Kemper,
p. 97, pl. 11, figs. 1-3.

Material

Nine specimens from the Baddeckenstedt section, two spec-
imens from the Wunstorf Wu2010/1 core, and seven speci-
mens from the Wunstorf Wu2010/3 core.

Remarks

This study follows the intensively discussed generic affilia-
tion of this species by Frieg and Kemper (1989).

Occurrence

Very rare in the Cenomanian.
Family Cuneolinidae Saidova 1981
Subfamily Cuneolininae Saidova 1981
Genus Pseudotextulariella Barnard 1953
Pseudotextulariella cretosa (Cushman, 1932)
Fig. 8s

1932. Textulariella cretosa Cushman.
1989. Pseudotextulariella cretosa (Cushman); Frieg, p. 362,
text-figs. 2 a—h, pl. 1, figs. 1-11.

Material

A total of 139 specimens from the Baddeckenstedt sec-
tion, 1 specimen from the Sohlde section, 5 specimens from
the Wunstorf Wu2010/1 core, 35 specimens from the Wun-
storf Wu2010/3 core, and 4 specimens from the Wunstorf
Wu2010/4 core.

Remarks

This species is used as index fossil for the Cenomanian of
the English chalk (Hart et al., 1989), but Frieg (1989) al-
ready proved its existence in the lower part of the Albian.
Our findings of four specimens in the middle Turonian of
Waunstorf extends the stratigraphical range of this species and
supports the idea of Frieg (1989) of a facies related appear-
ance of Pseudotextulariella cretosa as it does not appear in
the middle Turonian of Sohlde.
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Occurrence

Abundant to common in the lower and middle Cenomanian
at Baddeckenstedt, rare to very rare in the Cenomanian and
Turonian of Wunstorf, and absent in the Turonian of Sohlde.

Order Textulariida Delage and Hérouard 1896,

emended Kaminski 2004

Suborder Textulariina Delage and Hérouard 1896
Superfamily Eggerelloidea Cushman 1937
Family Eggerellidae Cushman 1937

Subfamily Dorothiinae Balakhmatova 1972
Genus Marssonella Cushman 1933

Marssonella ozawai Cushman, 1936

Fig. 8u

1936. Marssonella ozawai Cushman, p. 43, pl. 4, figs. 10a, b.
1953. Marssonella ozawai Cushman; Barnard and Banner,
p. 205, pl. IX, figs. 2A, B.

Material

A total of 42 specimens from the Baddeckenstedt section, 32
specimens from the Wunstorf Wu2010/1 core, and 11 speci-
mens from the Wunstorf Wu2010/3 core.

Occurrence

Lower Cenomanian. Abundant at the sponge beds at Bad-
deckenstedt and at The Rib at Wunstorf, otherwise very rare.

Marssonella trochus (d’Orbigny, 1840)

1840. Textularia trochus d’Orbigny, 1840.
1953. Marssonella trochus (d’Orbigny); Barnard and Banner,
1953, p. 204, text-figs. So-s.

Material
Three specimens from the Sohlde section.
Remarks

Like suggested by Leary (1987), M. oxycona and M. turris
are varieties of M. trochus.

Occurrence
Very rare.

Subfamily Pseudogaudryinae Loeblich and Tappan
1985

https://doi.org/10.5194/fr-24-395-2021

Genus Clavulinoides Cushman 1936

Clavulinoides sp.
Material

A total of 15 specimens from the Baddeckenstedt section and
four specimens from the S6hlde section.

Occurrence

Very rare.

5 Distribution of agglutinated foraminifers
5.1 Albian—-Cenomanian boundary

The Albian—Cenomanian boundary is only accessible in
the Wunstorf Wu2010/1 core. It reaches from the base
of the core towards the ultimus/Aucellina Event (Fig. 9).
Significant groups are the tubular taxa Bathysiphon spp.
and Nothia spp., coarsely grained globular taxa Psammo-
sphaera fusca and Saccammina grzybowski, and elongate
taxa Arenobulimina truncata, Bulbobaculites problematicus,
Flourensina intermedia, Reophax subfusiformis, Tritaxia tri-
carinata, Vialovella frankei, and Voloshinoides advenus.

At a depth of 59.05 m the taxa Glomospira gordials, Rep-
manina charoides, and Tritaxia gaultina first occur. Be-
low the ultimus/Aucellina Event at 54.8 m core depth, many
taxa such as Ammodicsu glabratus, Ammolagena contorta,
Gerochammina stanislawi, Glomospira diffundens, G. ir-
regularis, Haplophragmoides eggeri, H. walteri, Pseudon-
odosinella parvula, P. troyeri, and Voloshinoides anglicus
have their first occurrences.

The interval yields an increased proportion of straight
tubular taxa, M1: 3.8 %—-33.6 %; shallow infaunal taxa M2a:
14.9 %-20.6 %; and deep infaunal taxa M4b: 43.6 %—77.7 %
(Fig. 9). It can be assigned to the low-latitude to mid-latitude
slope biofacies proposed by Kuhnt et al. (1989). The diver-
sity is moderate with Fisher alpha index values between 6.3
and 9.4 and SR values between 25 and 33 (Fig. 9).

5.2 Cenomanian

The Cenomanian agglutinated foraminiferal assemblage oc-
curs from the ultimus/Aucellina Event up to the Facies
Change below the CTBE (Figs. 9 to 11). The main fau-
nal elements in the Baddeckenstedt section and Wunstorf
Wu2010/1 and Wunstorf Wu2010/3 cores are the elon-
gate taxa Arenobulimina truncata, Hagenowella elevata,
Plectina cenomana, Tritaxia tricarinata, Vialovella frankei,
and Voloshinoides advenus and the flattened irregular and at-
tached Ammolagena clavata. In the southern Baddeckenstedt
section more Eggerellina brevis and E. mariae occur, while
in the Wunstorf cores additionally high numbers of Kadriay-
ina gradata and Flourensina intermedia are seen.

Foss. Rec., 24, 395-441, 2021



426 R. M. Besen et al.: Albian to Turonian agglutinated foraminiferal assemblages
Wunstorf Agglutinated foraminiferal morphogroups Fisl}ﬁu&é)l(pha Foraminiferal
Wu 2010/1 © 20 ® o P E
— N NN 0 om < vents
= = 2= 2 | =
TR T = Marssonella ozawai
204

s SB Ce 22 Tritaxia

g |30

o

c

3 SBCel

- N\ . .

u;a 404 ~cE Tritaxia

o

-

50 -
UAE Tritaxia tricarinata
Psammosphaera fusca/

=1 60 Tritaxia tricarinata/

o Vialovella frankei

Q2

< . .

S|m - e e  <«Reophaxsubfusiformis
2 20 40 20 1010 2010 10 20 40 60 80 10 20

- Relative abundances

UAE = ultimus/Aucellina Event; cE = crippsi Event; TR = The Rib

Figure 9. Columnar section of the Albian to Cenomanian part of the Wunstorf core Wu 2010/1 with agglutinated foraminiferal morphogroups,
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In the Wunstorf Wu2010/1 core, Hagenowella elevata,
H. obesa, and Gaudryina sp. 1 first appear in the ul-
timus/Aucellina Event at a core depth of 54.65 m. At49.05m
core depth, Voloshinoides d’orbignyi has its FO. Other FOs
are notable at 44 m depth with Haplophragmoides aff. bu-
biki, H. suborbicularis, and Rectogerochammina eugubina.
With the crippsi Event at 39 m core depth, Marssonella
ozawai, Plectina cenomana, P. mariae, and Tritaxia mac-
fadyeni occur for the first time in Wunstorf. Spiroplectam-
mina navarroana appears and M. ozawai vanishes at 65.8 m
core depth in the Wunstorf Wu2010/3 core above the marker
limestone The Rib, while similar occurrences are notable in
the Baddeckenstedt section shortly above marl MII. Other
FOs at Baddeckenstedt are stateable with the appearance of
Pseudonodosinella nodulosa at the primus Event and Hap-
lophragmoides suborbicularis around the Mid-Cenomanian
Event sensu Ernst et al. (1983). Pseudotextulariella cretosa
vanishes below the Pycnodonte Event and Voloshinoides an-
glicus in the upper Cenomanian at 32 m in the Baddeckenst-
edt section.

In general, the Cenomanian agglutinated foraminiferal as-
semblages consist of extremely high relative abundances of
the morphogroup M4b with values up to 95 % and enhanced
abundances of morphogroups M3a and/or M3b of up to 25 %
(Figs. 9 to 11). M1 values range between 10 and 20 %, M2a
and M2b values are below 5 %, and M3b and M4a values
reach up to 10 % (Figs. 9 to 11). At Baddeckenstedt increased
relative abundances of shallow infaunal living taxa (M3b) are
noted, while at Wunstorf, numbers of epifaunal living taxa
(M3a) are enhanced (Figs. 9 to 11). Furthermore, the rela-
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tive abundances of deep infaunal living taxa (M4b) are be-
tween 10 %—20 % higher at Baddeckenstedt than at Wunstorf
(Figs. 9 to 11). The Fisher alpha index of the Cenomanian ag-
glutinated foraminiferal assemblage fluctuates between 7.4
and 20 while SR values are between 39 and 61 (Figs. 9 to
11).

5.3 Cenomanian-Turonian boundary interval

This interval spans from the prominent Facies Change in-
cluding the plenus Bed to above the Cenomanian—Turonian
boundary (Figs. 12 and 13). The dominant taxon is Bulboba-
culites problematicus with 40 %-70 % relative abundance.
Other common taxa are Ammodiscus cretaceous, A. tenuis-
simus, Eobigenerina variabilis, and Repmanina charoides.

Several taxa vanish with the Facies Change. In the Sohlde
section as also in the Wunstorf Wu2010/4 core, Kadriayina
gradata, Plectina cenomana, and P. mariae have their last
occurrences. While Pseudonodosinella troyeri, Vialovella
frankei, Gaudryina sp. 1, and Voloshinoides anglicus already
vanish below the Facies Change at Baddeckenstedt, V. frankei
and Gaudryina sp. 1 have been recorded in the plenus Bed
at Wunstorf, P. troyeri occurs last in the basal lower Turo-
nian, and V. anglicus vanishes earlier at Wunstorf. The LO of
Gaudryinopsis filiformis can be observed in the plenus Bed
of the Sohlde section, while this species was not recorded in
the Wunstorf Wu2010/4 core.

Foraminiferal assemblages of this interval yield increased
relative abundances of morphogroup M4b with up to 88.8 %.
At Wunstorf, increased relative abundances of M2c, e.g.
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Figure 10. Columnar section of the Lower Cenomanian part of the Wunstorf core Wu 2010/3 with agglutinated foraminiferal morphogroups,
Fisher alpha index, species richness, and foraminiferal events (acmes) indicated by arrows. For log legend, see Fig. 3.

Spiroplectammina navarroana, of up to 30.7 % in the plenus
Bed are recorded. The recorded diversity is low, between
4.1-6.2 Fisher alpha index, and there is a species richness
between 18 and 25 (Figs. 12 and 13).

5.4 Turonian

In Turonian strata above the black shale-marlstone alter-
nation of the Hesseltal Formation at Wunstorf (Fig. 12)
and above the Cenomanian—Turonian boundary interval at
Sohlde (Fig. 13), the species Ammolagena contorta, Arenob-
ulimina preslii, A. truncata, Bulbobaculites problematicus,
Gerochammina stanislawi, Hagenowella elevata, Repman-
ina charoides, and Spiroplectammina navarroana occur in
high numbers (> 5 % relative abundances). In the Sohlde,
additionally the elevated abundances of Ammobaculites ag-
glutinans, Trochammina spp., and Trochamminoides spp. are
notable.

While no FOs or LOs are recorded in the post-CTBE strata
in Wunstorf, in Sohlde Ammosphaeroidina pseudopauciloc-
ulata, Gaudryinella irregularis, and Uvigerinammina jankoi
occur first in the basal middle Turonian.

Above the black shale—marlstone alternation of the Hes-
seltal Formation, in deposits with slumping structures, high
relative abundances of the morphogroup M4b (96.9 %) are
noted at Wunstorf (Fig. 12). In strata of the S6hlde Forma-
tion, agglutinated foraminiferal assemblages are character-
ized by a medium high Fisher alpha index (12.19-15.94) and
high species richness (45-49) at Wunstorf (Fig. 12). Rel-
ative abundances of the morphogroup M3a range between
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24.3 %-34.1 %, while relative abundances of M4b between
40.7 %—56.8 % are noticed (Fig. 12). Above the CTBE, the
Fisher alpha index rises towards 22.5 in the late Turonian
of Sohlde, while species richness increases to 52 (Fig. 13).
Relative abundances are recorded of morphogroup M3a be-
tween 8.6 %—14.5 %, M3b between 7.4 %—-27.8 %, and M4b
between 26-52.3 (Fig. 13).

6 Stratigraphy
6.1 Lithostratigraphy and event stratigraphy

The Wunstorf core Wu 2010/1 starts with 9 m of marly clay-
stone (Fig. 4), which belongs to the uppermost Albian to
lowermost Cenomanian Bemerode Member of the Herbram
Formation (cf. Hiss et al., 2007a). The observed lithology
matches that found nearby in the Anderten cores, covering
the same sedimentation period (Bornemann et al., 2017).
In proximal settings of central Europe, the transgressive ul-
timus/Aucellina Event is used to determine the base of the
Cenomanian (e.g. Ernst et al., 1983). However, the succes-
sion of Wunstorf is suggested to be more or less continu-
ous due to a more distal position in an intrashelf depression.
The following Cenomanian marl-limestone alternations of
the Baddeckenstedt Formation (cf. Wilmsen and Hiss, 2007)
are comparable to lithology of the Staffhorst shaft (Niebuhr
et al., 1999), Konrad borehole (Niebuhr et al., 2001), Bad-
deckenstedt section (Wilmsen and Niebuhr, 2002), and Wun-
storf quarry section (Wilmsen, 2003).
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The basal metres of the core Wunstorf Wu2010/4 (Fig. 5)
are built by pure limestones of the Brochterbeck Formation
(cf. Hiss et al., 2007b). Above the notable Facies Change, the
black shale-marlstone alternation of the Hesseltal Formation
(cf. Hiss et al., 2007c; see Voigt et al., 2008b) ranges from
82.5 to 63.5m depth (Seibertz, 2013; Fig. 5). The recorded
thickness is surprisingly low compared to other studies (e.g.
Erbacher et al., 2007; Voigt et al., 2008b). About 12 m of
Turonian strata is completely missing, likely induced by
a prominent fault at 6§ m core depth (Fig. 5). Above the
Mpytiloides events in strata belonging to the Sohlde Forma-
tion (cf. Wiese et al., 2007), slumping structures occur in
the Wunstorf Wu2010/4 core (Seibertz, 2013; Fig. 5). Sim-
ilar features were not recorded in previous studies on the
nearby core Wunstorf WK1 (Voigt et. al, 2008b). Conse-
quently, thicknesses can differ in between recorded Wunstorf
cores, even at the regional scale, due to faults and slumping.
The Weille Grenzbank and the overlying marl My at around
44 to 46 m core depth (Seibertz, 2013; Fig. 5) can be corre-
lated to the section Sohlde-Loges of Wiese (2009).

6.2 Stable carbon isotopes

The basal part of the studied stratigraphic sequence is ex-
pressed through the Albian—Cenomanian boundary interval
(ACBI), which yields four distinct peaks of positive §'3C ex-
cursions: A to D, Fig. 4. A and B are not exposed in these
samples; compare to Gale et al. (1996: Fig. 2). The Albian—
Cenomanian boundary (ACB), defined by the last occurrence
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(LO) of the planktic foraminifer Thalmanninella globotrun-
canoides, is positioned between the stable carbon isotope
excursions C and D (Kennedy et al., 2004; Bornemann et
al., 2017). Comparable to the Andertenl core (Bornemann
et al., 2017) and the GSSP site Mont Risou (Gale et al.,
1996), both stratigraphically higher excursions, C and D,
are visible in the Wunstorf carbon isotope patterns and thus
can be used to determine the Albian—-Cenomanian boundary
(Fig. 4). The following Lower Cenomanian events (LCE I-
IIT) and the crippsi Isotope Event are weakly developed in the
cores Wunstorf Wu2010/1 and Wunstorf Wu2010/3, respec-
tively (Fig. 4). Bornemann et al. (2017) explain this weakly
developed isotope events in the Lower Saxony basin with
more continuous and only fewer condensed stratigraphical
horizons than in the English Chalk.

The strong increase in §'3C values forming the Oceanic
Anoxic Event 2 (OAE2) — Isotope Event (—IE; Jenkyns,
1980; Voigt et al., 2008b) is recorded in the Wunstorf
Wu2010/4 core (Fig. 5). Above the OAE2-IE, a plateau of
813C values like recorded in other studies can be recognized,
but single known peaks are not observable (cf. Jarvis et al.,
2006; Voigt et al., 2007, 2008b). The last peak on the plateau,
similar to observations of Voigt et al. (2008b), is Tu 8, or the
Round Down Event (Jarvis et al., 2006, Fig. 5). Afterwards
813C values decrease (Fig. 5). An inflection point, from a
slow decrease to a steep one, could not be found, and thus
the position of the Low-woolgari Event of Jarvis et al. (2006)
remains questionable.

Foss. Rec., 24, 395-441, 2021



430 R. M. Besen et al

6.3 Agglutinated foraminiferal biostratigraphy

The Albian—Cenomanian boundary at Wunstorf is reflected
by the first occurrence (FO) of the species Glomospira gor-
dialis, Tritaxia gaultina, and Repmanina charoides. How-
ever, Tritaxia gaultina was reported from the Lower Cre-
taceous (Melinte-Dobrinescu et al., 2015) and Repmanina
charoides (Kaminski and Gradstein, 2005; J6zsa, 2017b;
Jozsa et al., 2018) and Glomospira gordialis (J6zsa, 2017b,
2019) even from Jurassic strata. Many taxa such as some
ammodiscids and arenobuliminids occur slightly above the
stage boundary or at the Facies Change marked by the ul-
timus/Aucellina Event at Wunstorf. Reported FOs by Frieg
and Kemper (1989) and biozones by Hart et al. (1989)
are in most cases not visible in the Wunstorf cores. Thus,
Voloshinoides advenus already occurs in the latest Albian
at Wunstorf while Frieg and Kemper (1989) reported it
not until early Cenomanian times in northwest Germany
(Fig. 14). Our observation fits more to those made by Hart
et al. (1989, 2020), who report V. advenus already in the
latest Albian. Arenobulimina preslii occurs with the ul-
timus/Aucellina Event much earlier than usually found in the
dixoni zone in northwest Germany (Frieg and Price, 1982;
Frieg and Kemper, 1989; Fig. 14). Only some specimens of
this species were found in the mantelli zone in the Miinster-
land (Frieg and Kemper, 1989). Furthermore, with the crippsi
Event in Wunstorf or shortly above, the taxa Marssonella
ozawai, Plectina cenomana, P. mariae, and Pseudotextular-
iella cretosa have their FO in Wunstorf (Fig. 14). While M.
ozawai and P. cretosa are already known from the Albian
(Frieg, 1989; Frieg and Kemper, 1989; Hart et al., 1989),
P. mariae has been used to define the Albian—Cenomanian
boundary in sections of the English Chalk (Hart et al., 1989;
Hart and Fox, 2020; Fig. 14). P. cenomana otherwise re-
flects the Lower—-Middle Cenomanian boundary in sections
of the English Chalk (Hart et al., 1989) but occurs earlier
in the Wunstorf cores (Fig. 14). FOs or LOs (first and last
occurrences) commonly used for a stratigraphical division
of the Cenomanian substages are not present in Wunstorf
and Baddeckenstedt. With the Facies Change at the base
of the OAE2 in the Lower Saxony Cretaceous, the Los of
Kadriayina gradata, Flourensina intermedia, Plectina ceno-
mana, and Voloshinoides advenus take place. Additionally,
Vialovella frankei becomes extinct above the plenus Bed at
Wunstorf (Fig. 14). This differs slightly from observations
made in England, France, and other sections in Germany, in
which F. intermedia (as F. mariae), P. cenomana, P. mariae,
and V. advenus (as A. advena) taxa vanish in the plenus Bed
(Carter and Hart, 1977, Hart et al., 1989; Fig. 14). These
shorter stratigraphical ranges of some taxa from Lower Sax-
ony could be caused by a stronger peculiarity of the periodi-
cal anoxic conditions in the sub-basins, which did not occur
in most parts of the European shelf area. This is supported by
the prolonged black shale deposition in Wunstorf (Voigt et al.
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2008b), which likely affected other parts of the surrounding
Lower Saxony Cretaceous sub-basins.

In the overlying Turonian strata, Ammosphaeroidina pseu-
dopauciloculata, Gaudryinella irregularis, and Uvigerinam-
mina jankoi have their FO in the middle Turonian in the
Subhercynian Basin but not in the Wunstorf cores (Fig. 14).
No comparable biostratigraphical information is available for
G. irregularis while A. pseudopauciloculata does not ap-
pear until the Santonian as observed from sections in Italy
(Kaminski et al., 2011). U. jankoi is the index taxon for
the Turonian-Lower Campanian U. jankoi biozone in the
western Tethys region (Geroch and Nowak, 1984; Coccioni
et al., 1995; Kaminski et al., 2011) and in the Atlantic re-
gion (Kuhnt et al., 1989; Kuhnt and Kaminski, 1997). The
FO recorded in Sohlde fits more to observations made in
the western Tethys region (Fig. 14). Overall, in total ranges,
FOs and LOs of agglutinated foraminifera are poorly ap-
plicable for the Albian to Turonian of Lower Saxony. The
potential to correlate this qualitative data with other re-
gions is suggested to be weak. The deep-water agglutinated
foraminifera (DWAF) zonation from the North Atlantic and
western Tethys is not fully applicable in all studied sections.
Bulbobaculites problematicus represents the index taxon for
the latest Albian to Cenomanian by Morgiel and Olszewska
and Morgiel (1981). This correlates to observations from
this study and differs from recorded zones of Geroch and
Nowak (1984). The previous Plectorecurvoides alternans
and latter Uvigerinammina jankoi Zone is not distinguish-
able in Wunstorf due to lack of the index taxa.

7 Paleoenvironmental implications
7.1 Albian—Cenomanian boundary

Due to a high number of infaunal and deep infaunal speci-
mens (M4b, Fig. 9), but also increased relative abundances of
filter feeding tubular living specimens (M1, Fig. 9), slightly
eutrophic bottom water conditions can be assumed (Fig. 15)
by applying the TROX model after Jorissen et al. (1995), van
der Zwaan et al. (1999), and Setoyama et al. (2017). This
is supported by a mass occurrence of the species Psammo-
sphaera fusca, which commonly occurs in cold, nutrient-
rich deep-water habitats (Harloff and Mackensen, 1997).
An acme of this species can be observed in Tethyan deep-
marine environments of the same age (Melinte-Dobrinescu
et al., 2015). Consequently, this supports the interpretation
of Tyszka and Thies (2001) of a deep-water inflow from the
Tethys Ocean towards the north via the Polish Trough dur-
ing the Albian. A stressed environment, such as through sea-
sonally dysaerobic conditions, possibly occurred in the latest
Albian to earliest Cenomanian at Wunstorf indicated by in-
creased relative abundances of P. fusca and Reophax. Large
proportions of both fast-recolonizing taxa were described un-
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Figure 14. Albian, Cenomanian, and Turonian FOs and LOs (first — and last occurrences) of selected agglutinated foraminifers from Lower
Saxony (Wunstorf, Baddeckenstedt, Sohlde), the Miinsterland (Frieg and Kemper, 1989) and the English Chalk (Hart et al., 1989), and the
DWAF (deep-water agglutinated foraminifera) zonation of the western Tethys (Coccioni et al., 1995; Kaminski et al., 2011).

der a recent stressed environment from the Californian bor-
derland basin by Kaminski et al. (1995).

7.2 Cenomanian

Following the TROX model (Jorissen et al., 1995; Van der
Zwaan et al., 1999; Setoyama et al., 2017) bottom water con-
ditions during the lower to middle Cenomanian time were
mesotrophic to eutrophic (Fig. 15), indicated by a continu-
ous record of morphogroup M1 and increased relative abun-
dances of morphogroups M3a—M3b and M4b (Figs. 9 to 11).
Rising relative abundances of shallow infaunal morphogroup
M3a and epifaunal morphogroup M3b from below 5 % in the
lower Cenomanian to up to 20 % in the upper Cenomanian
(Figs. 9 to 11) are likely explained by a shift from more eu-
trophic to more mesotrophic conditions during the Cenoma-
nian. This is in accordance with the lithological succession
(e.g. rising carbonate content) and proposed sea level fluctua-
tions by Wilmsen (2003) and Janetschke et al. (2015; Fig. 3).
The food influx during the early to early-middle Cenoma-
nian in the Lower Saxony and Subhercynian sub-basins was
mainly controlled by fluvial inlet and so depended on the
distance to the shore (Wilmsen, 2003). Higher relative abun-
dances of deep infaunal morphogroup M4b at Baddeckenst-
edt (Fig. 11) are likely induced by the more proximal posi-
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tion of Baddeckenstedt (Fig. 1) and therefore a higher food
supply.

At Wunstorf, about 7 m above the ultimus/Aucellina Event,
morphogroup M4b relative abundances rapidly decrease
(Fig. 9). This likely links to the prominent early Cenoma-
nian transgression belonging to the Depositional Sequence
Albian—Cenomanian 1, DS Al-Ce 1, which are described in
detail at sections of the Lower Saxony Basin by Niebuhr
et al. (1999, 2001), Wilmsen (2003, 2007), Bornemann et
al. (2007), and Erbacher et al. (2020). A minimum of rela-
tive abundances of M4b in the Wunstorf Wu2010/1 core at
a depth of 49.05m (Fig. 9) likely reflects a low food sup-
ply, and therefore, the possible maximum flooding zone of
DS Al-Ce 1 (Fig. 3). The crippsi Event at Wunstorf yields
increased relative abundances of M4b (Fig. 9). This likely
relates to a high food supply during the formation of the
crippsi Event. Below the prominent limestone bed The Rib
relative abundances of M4b are high (Fig. 9), which likely
reflects high food availability at SB Ce 2 proposed by Wilm-
sen (2003). Low relative abundances of deep-infaunal taxa
(M4b) at a depth of 35.2 m of the Wunstorf Wu2010/3 core
(Fig. 10) are likely induced by low food supply and probably
can be correlated to equally lower values above the marl MII
of the Baddeckenstedt section (Fig. 11). This can not be re-
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et al. (2015: Fig. 6).

lated to the maximum flooding zone of DS Ce 3, which was
proposed to be below at the Schloenbachia/virgatus Event
(Wilmsen, 2003, 2008). The Lower to Middle Cenomanian
boundary at Baddeckenstedt exhibits a higher abundance of
the morphogroup M4b (Fig. 11). This likely reflects high
food availability at the SB Ce 3 proposed by Wilmsen (2003).

For the late-middle to late Cenomanian times, a shift to
more oligotrophic conditions in the Lower Saxony basin due
to a breakdown of a shelf—front system is proposed (Wilm-
sen, 2003). Following the paleoceanographical models by
Linnert et al. (2010) and Piittmann and Mutterlose (2021),
nutrients are mainly delivered by oceanic currents or are pro-
vided by mixing processes during stormy seasons (Linnert
et al., 2010). Decreased relative abundances of deep infaunal
taxa of morphogroup M4b during this time interval are likely
induced by this lower food availability. Increased abundances
of M4b during this interval are likely affected by regressional
trends such as the periodical reinstallment of the shelf—front
system or by enhanced vertical and lateral mixing of the
water column during stormy seasons. Applying the TROX
model to recorded foraminiferal assemblages, mesotrophic
bottom water conditions during this interval (Fig. 15) but in
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general lower food availability than during the early to early-
middle Cenomanian are assumed.

The strata, containing the Mid-Cenomanian Event sensu
Ernst et al. (1983), yield a distinct decline in M4b relative
abundance and high numbers of group M3a-M3b in Bad-
deckenstedt (Fig. 11). Wilmsen (2003) placed the maximum
flooding zone of the DS Ce 4 exactly at this level. Decreased
food availability during that interval is inferred based on the
agglutinated foraminifers applying the TROX model estab-
lished by Jorissen et al. (1995), van der Zwaan et al. (1999),
and Setoyama et al. (2017).

The strata about 1 m below the Pycnodonte Event again
yield high abundances of group M4b at Baddeckenstedt
(Fig. 11). High food supply at the SB Ce 4 is likely. About
7m above the Pycnodonte Event at Baddeckenstedt, de-
creased relative abundances of deep infaunal taxa (Fig. 11)
likely indicate lower food availability. In consideration, the
main food sources are likely currents from offshore or mix-
ing due to stormy seasons, increasing water depth, and fol-
lowing lower nutrient influx or less stormy seasons. In the
case of an increase in water depth, this interval likely reflects
the maximum flooding zone of DS Ce 5 (Fig. 3).
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In general, the discussed time interval is character-
ized by bottom water conditions changing from eutrophic—
mesotrophic to clearly mesotrophic. This likely corresponds
to the Cenomanian eustatic sea level rise (Fig. 3) stated by
Hagq et al. (1987) and Haq (2014).

7.3 Cenomanian-Turonian boundary interval

Low diverse agglutinated foraminiferal assemblages from the
Cenomanian—Turonian boundary interval at Wunstorf and
Sohlde indicate unfavourable living conditions. The domi-
nance of infaunal to deep infaunal taxa and low diversities
like recorded at Wunstorf and Sohlde (Figs. 12 and 13) are
indicative for periodically anoxic bottom water conditions
(cf. Kaminski et al., 1995). Eutrophic conditions are likely
(Fig. 15), following the TROX model.

Bulbobaculites problematicus is the most dominant fau-
nal component in this interval with relative abundances up to
70 % (Figs. 12 and 13). Due to its high relative abundances,
this taxon likely represents an opportunistic species, recolo-
nizing after periodical bottom water anoxia or even tolerating
lower oxygen concentrations in bottom waters. Spiroplec-
tammina navarroana, a species usually known from deeper
and thus colder habitats (Gradstein et al., 1999) occurs in
the Wunstorf cores in an acme at the level of the plenus Bed
with a relative abundance of 30 % (Fig. 12). The acme likely
represents a southward migration of cool-habitat-favouring
fauna corresponding to findings of similar migration patterns
of macrofaunal taxa by Gale and Christensen (1996). A simi-
lar acme is absent at Sohlde. This absence is likely explained
by the southern migration of Spiroplectammina navarroana
being limited in deeper habitats like at Wunstorf or by an
extended hiatus at Sohlde.

7.4 Turonian

The middle Turonian and basal part of the upper Turonian
bears relatively low abundances of the morphogroup M4b
and comparably high abundances of the morphogroups M3a
and/or M3b and medium high diversities (Figs. 12 and 13).
This likely supports a shift to more oligotrophic bottom water
conditions during the Turonian (Fig. 15). Assumptions made
for surface water conditions in the Cretaceous shelf sea re-
flect a similar trend (Wiese et al., 2015).

In all sections, “Lazarus” species from the genera Am-
modiscus, Glomospira, and Repmanina appear above the
CTBE, comparable to observations in Tethyan deep-water
carbonates, made by Coccioni et al. (1995) and Kaminski et
al. (2011). The strata with slumping structures at Wunstorf
contain high relative abundances of the morphogroup M4b
(Fig. 12), which could reflect high food supply at the SB Tu 1
(Fig. 3) applying the TROX model by Jorissen et al. (1995),
van der Zwaan et al. (1999), and Setoyama et al. (2017). Oth-
erwise, these assemblages could be affected by instable en-
vironmental conditions due to strong redeposition of strata
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during this interval. At Sohlde a similar trend is not visible
(Fig. 13).

Increased relative abundances of the morphogroup M4b
above the Weille Grenzbank at S6hlde and Wunstorf (Figs. 12
and 13) likely reflect higher food availability in the bottom
water. This likely corresponds to the SB Tu 2 proposed by
Janetschke et al. (2015; Fig. 3).

8 Agglutinated foraminiferal biofacies

The agglutinated foraminiferal fauna from the Albian—
Cenomanian boundary within the Herbram Formation is
classified to be the low-latitude to mid-latitude slope biofa-
cies as proposed by Kuhnt et al. (1989). In contrast to this, the
recorded Cenomanian to Turonian agglutinated foraminiferal
assemblages of the Lower Saxony Cretaceous are differ-
ent including planktic, calcareous benthic foraminifers, and
calcareous-cemented species, such as some Arenobulimina
species, Tritaxia, and Eggerellina. Previously described as-
semblages of such a biofacies from Trinidad (Kaminski et al.,
1988) and the Iberian Peninsula (Kuhnt and Kaminski, 1997)
are mainly from the lower bathyal environments, whereas
the Cenomanian successions from this study were deposited
in shallower water depth below 100 m (Wilmsen, 2003). For
the late-early Cenomanian, water depths of 20-30 m at Bad-
deckenstedt and ca. 50 m at Wunstorf are estimated by Wilm-
sen (2003). During the CTBE, water depths of 100-150m at
Waunstorf are assumed (Wilmsen, 2003). Subsequently, a new
biofacies is proposed. The newly named mid-latitude shelf
biofacies differs from others by higher relative abundances
of up to 30 % of taxa of morphogroups M3a and/or M3b,
and up to 95 % of morphogroup M4b, while the diversity is
higher with Fisher alpha indices usually between 12 and 20
(Figs. 9 to 13). These assemblages indicate an upper bathyal
to inner shelf setting.

9 Agglutinated foraminiferal bioevents

In the Cenomanian, three types of macro-bioevents occurred:
early transgressive bioevents (ETBs), maximum flooding
bioevents (MFBs), and late highstand bioevents (LHBs;
Wilmsen, 2003, 2012). These bioevents are in accordance
with sea-level-driven depositional sequences. ETBs form ei-
ther due to winnowing fines and thus accumulation of resis-
tant hard parts, called lag subtype, or due to migration events
of uncommon or exotic taxa, called migration subtype. MFBs
yield assemblages of taxa adapted to a low water energy, a
low food supply, and often soft substrates (Wilmsen, 2003,
2012). LHBs occur as accumulated biogenic hard parts due to
a reduced accumulation space at the end of a sea level high-
stand (Wilmsen, 2003, 2012). Similar bioevents, expressed
through acmes, occur in the foraminiferal record of this re-
search (Fig. 15).
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Below the ultimus/Aucellina Event, two acmes are
recorded in the Wu2010/1 core, yielding high abundances
of Reophax subfusiformis at 70 m core depth and Psammo-
sphaera fusca, Tritaxia tricarinata, and Vialovella frankei at
62 m core depth (Figs. 9 and 15).

Synchronously to the ultimus/Aucellina Event in the Wun-
storf 2010/1 core, high relative abundances of Tritaxia tricar-
inata are recorded (Figs. 9 and 15). This species has a thin
test. A lag subtype is not plausible for this bioevent, because
thin and fragile tests are likely destructed during accumula-
tion of lag subtype bioevents proposed by Wilmsen (2003,
2012). Subsequently, this micro-bioevent is regarded to be a
migration subtype ETB.

At the crippsi Event in the Wunstorf Wu2010/1 core, in-
creased relative abundances of Tritaxia gaultina and T. tri-
carinata occur. They likely constitute the LHB of DS Al-Ce
1 as proposed for the crippsi Event by Wilmsen (2012) and
Wilmsen et al. (2021).

A possible ETB of DS Ce 3 with high amounts of
the species Marssonella ozawai occurs below the Mariella
Event at Baddeckenstedt (Figs. 11 and 15). In the Wunstorf
Wu2010/1 core, an acme of the genus Tritaxia is observed
below The Rib (Figs. 9 and 15). Fragile tests of the gen-
era Marssonella and Tritaxia, which commonly break during
transgressive reworking, support the interpretation as migra-
tion subtype bioevents.

In the Wunstorf Wu2010/3 core, increased relative abun-
dances of Marssonella ozawai and Pseudonodosinella nodu-
losa occur above The Rib; in the Baddeckenstedt section an
acme of Tritaxia tricarinata is situated at the level of the Or-
birhynchia/Schloenbachia Event (Figs. 10, 11, and 15). This
position represents a maximum flooding interval (Wilmsen,
2008). Following the model by Wilmsen (2012), these taxa
with acmes are supposed to be specialists for environmental
conditions during maximum flooding, e.g. lower food supply
and soft substrate.

Increased relative abundances of Vialovella frankei in the
Baddeckenstedt section above the marl MIb likely represent
a LHB (Figs. 11 and 15).

Eggerellina has an acme at the level of the primus Event in
the Baddeckenstedt section (Figs. 11 and 15). The occurrence
of this thin-shelled taxon likely indicates a migration subtype
ETB of DS Ce 4 as well as proposed for the primus Event by
Wilmsen et al. (2007).

Below the Pycnodonte Event, an acme of T. tricarinata oc-
curs in the Baddeckenstedt section (Fig. 11; Table 2). While
the Pycnodonte Event is classified as a lag subtype ETB
(Wilmsen and Voigt, 2006; Wilmsen, 2012), thin-shelled
tests of recorded foraminifer species suggest a migration sub-
type ETB.

An acme of Ammolagena in the Baddeckenstedt section
(Figs. 11 and 15) probably correlates to the Amphidonte
Event, which is regarded to be the MFB in the DS Ce 5
(Wilmsen, 2012). Thus, encrusting Ammolagena is likely
adapted to more oligotrophic bottom water conditions.
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A possible LHB shortly above the Amphidonte Event is ex-
pressed by an acme of V. frankei at Baddeckenstedt (Figs. 11
and 15).

During the interval of the CTBE, Bulbobaculites problem-
aticus occurs with high relative abundances of usually more
than 30 %, and Spiroplectammina navarroana has an acme
in the plenus Bed in the Wunstorf 2010/4 core (Figs. 12 and
15). These taxa are uncommon for the older strata; thus, they
are regarded to be exotic taxa. They likely represent migra-
tion subtype bioevents.

As a possible MFB, Eobigenerina variabilis appears in
high numbers in the Wunstorf Wu2010/4 core, and Ammola-
gena contorta appears at Sohlde (Figs. 12, 13, and 15). These
taxa likely prefer more oligotrophic bottom water conditions.

Increased relative abundances of different species of
Arenobulimina in the Wunstorf Wu2010/4 core (Figs. 12
and 15) likely represent the ETB of the DS Tu 2 proposed
by Janetschke et al. (2015). As these taxa have relatively
robust tests, a lag subtype ETB induced by the accumu-
lation of resistant hard parts during transgressive rework-
ing as proposed by Wilmsen, 2012) is likely. Otherwise, the
recorded interval at Wunstorf is characterized by strong rede-
position of strata, which could have influenced the recorded
foraminiferal fauna.

Above this interval, an acme of Repmanina charoides with
Gerochammina stanislawi and Spiroplectammina navar-
roana is observed in the Wunstorf Wu2010/4 core (Figs. 12
and 15). This acme likely represents the MFB of Ds Tu 2 pro-
posed by Janetschke et al. (2015). R. charoides likely prefers
more oligotrophic bottom water conditions as observed in the
recent Mediterranean by De Rijk et al. (2000) and interpreted
for Cretaceous to Paleogene foraminiferal assemblages by
Setoyama et al. (2017).

Robust arenobuliminid tests occur in huge amounts
slightly above marl MO in the Wunstorf Wu2010/4 core
(Figs. 12 and 15), which is likely to be the ETB of DS Tu
3 by Janetschke et al. (2015).

Another acme of Repmanina charoides above the marl MO
in the Wunstorf Wu2010/4 core (Figs. 12 and 15) likely rep-
resents MFB of DS Tu 3. Again, enhanced relative abun-
dances of R. charoides likely indicate more oligotrophic bot-
tom water conditions.

High numbers of Bulbobaculites problematicus occur in
the Sohlde section around the lamarcki—cuvierii Event II
(Figs. 13 and 15). This acme likely represents a MFB of DS
Tu 3 by Janetschke et al. (2015). Furthermore, increased rel-
ative abundances of Spiroplectammina navarroana and Am-
molagena are recognizable in the basal late Turonian of the
Sohlde section (Figs. 13 and 15), probably marking a migra-
tion subtype bioevent likely related to the ETB of DS Tu 4 by
Janetschke et al. (2015). Assigned to colder habitats (Grad-
stein et al., 1999) this acme of S. navarroana is possibly re-
ferred to the ongoing Late Turonian Cooling Event proposed
by Voigt and Wiese (2000) and Wiese and Voigt (2002).
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10 Conclusions

Agglutinated foraminiferal assemblages have been studied
from the Albian to Turonian deposits of the European shelf in
northern Germany. With respect to assemblage compositions,
we propose a new biofacies called the mid-latitude shelf bio-
facies, clearly differing in relative abundances from other
contemporaneous sections. The main faunal elements of this
biofacies are typical shelf-related elongate morphogroups
such as Dorothia, Marssonella, Tritaxia, and arenobulim-
inids which appear to be the dominant-group epifaunal deep-
water agglutinated foraminifera taxa either free living or at-
tached living and tubular forms. Differences in their relative
abundances are likely related to oxygen content dissolved in
bottom waters which is mostly related to food supply.

1. Increased relative abundances of deep infaunal mor-
phogroups during the latest Albian to early-middle
Cenomanian reflect a relatively higher food supply,
while decreased ones indicate lower food availability.
As the main food source during this time interval is
riverine inlet from the coast, maxima of relative abun-
dances of deep infaunal morphogroups likely indicate
low relative water depth, and minima probably are re-
lated to maximum flooding intervals.

2. Increased relative abundances of deep infaunal mor-
phogroups due to a relatively high food availability dur-
ing the early-middle Cenomanian to Turonian likely re-
flect stronger vertical mixing during stormy seasons as
the main food source is currents from offshore.

3. In proximal settings the relative abundances of deep in-
faunal morphogroups are higher than recorded in dis-
tal positions, which indicates a higher food supply in
proximal settings. Proximal foraminiferal assemblages
contain higher numbers of attached epifaunal mor-
phogroups while in distal positions free epifaunal taxa
occur more often.

4. Strata deposited during intervals of periodical anoxia at
the bottom water layers such as related to the OAE2, or
during strong synsedimentary redeposition of sediment
mostly linked to tectonic events as recorded in parts of
the Turonian at Sohlde and at Wunstorf, contain low di-
verse foraminiferal assemblages. These are composed
of mainly deep infaunal taxa such as Bulbobaculites
problematicus.

While macro-bioevents are one of the most important fea-
tures of the often-applied event stratigraphy, these events
are also reflected by microfossils such as agglutinated
foraminifers.
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