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Abstract

The Cenomanian—Turonian transition marks one of the most important extinction episodes of the Mesozoic era. This
extinction event was associated with the development of widespread oceanic anoxia and pronounced stable carbon isotopic
excursion. Despite its importance, the effects of the perturbation on higher latitude biotas, and from the Baltic region in
particular, are currently underexplored. Therefore, in this contribution we present the fossil record of a foraminifera
succession integrated with 8'°C trends from two deep cores: Blitidsukiai-19 from western Lithuania and Baltagiské-267
from southern Lithuania. Two foraminiferal zones were distinguished: Rotalipora cushmani from the upper Cenomanian
and Whiteinella archaeocretacea from the boundary strata between the Cenomanian and Turonian in the Baltasiské-267
core section, and a W. archaeocretacea Zone in the Blitidsukiai-19 core section. A chemostratigraphical analysis of the
stable carbon isotopes revealed a positive Cenomanian—Turonian 8'*C anomaly, with maximum values reaching 3.57%o in
the upper part of the Bliudsukiai-19 core section. A non-metric multidimensional scaling analysis of the foraminifera
communities revealed that the major changes in their assemblages were strongly temporally organized and associated with
the changes in the stable carbon isotopic ratios. This fact points to the significant effects of the C-T extinction event on the
northern Neotethys paleocommunities.
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1 Introduction

The transition between the Cenomanian and Turonian
epochs was marked by one of the most significant species
extinctions and radiations, as well as the anoxic and
stable carbon isotopic events of the Upper Cretaceous period
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(Fraass et al. 2015; Harries and Little 1999; Hart 1999; Hart
and Leary 1991; Jarvis et al. 2011; Kauffman and Hart 1996;
Keller and Pardo 2004; Schlanger and Jenkyns 1976). It is
estimated from the global taxonomic data-set that the
Cenomanian—Turonian extinction event (C-T event) elimi-
nated up to eight percent of marine animal families
(Kauffman and Hart 1996; Sepkoski 1993). According to
material from the best-studied sections in the world, from the
Western Interior Basin, the discussed event proceeded as a
complex hierarchical superposition of smaller scale events
of differing temporal and spatial significance (Sageman
et al. 1997). Estimates show that losses of marine mollusc
species during two impulses of the event sequentially
eliminated one half and one-third of the species for each
decimation episode (Kauffman and Hart 1996). Some
analyses of regional (Western Interior) biotas show that
macroinvertebrates sustained up to 79% species extinction
(Harries and Little 1999), with nektobenthic ammonites
affected more severely than other groups (Elder 1989). In the
Caucasus region, the discussed C-T event had a severe and
long-term biodiversity dampening effect, decreasing the
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standing invertebrate diversity for the entire succeeding
Turonian (Ruban et al. 2011). In the American sections there
was a distinct episode of terminations of old taxa and later
proliferations of new taxa of low oxygen tolerant inoceramid
bivalves (Harries 2003). A very similar pattern of decima-
tion and diversity rebound of this group was found in data
from Japan (Takahashi 2005). Approximately one-third of
the old foraminifera species in a type locality of the Ceno-
manian—Turonian transition in the Pueblo section (Color-
ado) were replaced by an essentially equal number of new
species (Keller and Pardo 2004). On the other hand, there
was a much smaller species turnover in the foraminifera in
higher latitudes, which points to the geographical selectivity
of the mass extinction (Keller et al. 2001). The Cenoma-
nian-Turonian transition also marked one of the most
important extinctions (Bardet 1994), as well as evolutionary
radiation (Bardet et al. 2008) events of marine reptiles
during the Mesozoic. It was suggested that the elevated
extinction rates in marine reptiles during the C-T transition
could have been, at least partially, influenced by sampling
artefacts (Benson et al. 2010), although later on the entire
approach used by the cited authors was contested for its
validity (Sakamoto et al. 2017); therefore, the extinction
pattern in marine tetrapods is most probably real. The ter-
restrial realm was also apparently affected by the transition,
as in the North American record there was a simultaneous
reduction in the order, family, and genus-level diversities of
nonmarine vertebrates (Eaton and Kirkland 2003), with
aquatic nonmarine forms possibly suffering a greater impact
(Eaton et al. 1997). The biostratigraphically constrained
positive stable carbon isotopic anomaly, which developed in
the vicinity of the C-T transition, is globally detectable in
both organic carbon deposits and carbonates, which shows
the global biogeochemical character of the oceanic pertur-
bation (Gale et al. 1993; Hasegawa and Saito 1993; Sch-
langer et al. 1987; Tsikos et al. 2004). The onset and duration
of the C-T event (and the boundary between the stages),
thanks to the numerical integration of radiogeochronologi-
cal, astrochronological, and chemo- and biostratigraphical
data and models, can be estimated with great precision
(Sageman et al. 2006). The latest estimates put the date for
the C/T boundary from 93.90 £ 0.15 Ma (Meyers et al.
2012)upto 94.10 £ 0.15 Ma (Batenburg et al. 2016), witha
probable duration of the positive carbon isotopic excursion
and OAE 2 (Ocean Anoxic Event II) of 847-885 Ka
(Sageman et al. 2006).

There are several propositions for the ultimate causes of
the C—T mass extinction event. The explanations range from
the effects of repeated asteroid or comet impacts (Kauffman
and Hart 1996; Orth et al. 1993) to perturbations in bio-
geochemical cycles caused by changes in oceanic spreading
rates and/or the development of large igneous provinces.
The latter explanation is the most plausible because of the

abundant evidence (Jenkyns et al. 2017; Kerr 1998; Orth
et al. 1993; Sinton and Duncan 1997). In addition, there is
growing support for the proposition that the fine structure of
the event with its multiple turnovers (Batenburg et al. 2016),
or at least its ending, (Li et al. 2017) was modulated by the
Earth’s orbital (Milankovitch) cycles (Prokoph et al. 2001;
Sageman et al. 1998).

Although there is a large body of work dedicated to
understanding the OAE 2 and its geobiological conse-
quences, the northern part of the Tethys (i.e., the Baltic
region) is currently underexplored in terms of stratigraphy
and paleoecology. Therefore, in this contribution we pre-
sent an integrated foraminiferal biostratigraphical and
stable carbon isotopic analysis of two shallow water suc-
cessions from Lithuanian territory, the Blitidsukiai-19 and
Baltasiské-267 deep core sections. The stratigraphical data
were supported by a quantitative analysis of foraminiferal
species occurrences. In addition, we revealed changes in
the prevalence of the coiling directions in the long-ranging
planktonic foraminiferal species Muricohedbergella delri-
oensis, which was previously proposed as a valuable
paleoceanographical proxy (Desmares et al. 2016).

2 Geological setting

The described material comes from the Blitidsukiai-19
well, which is located in the south-western facies zone and
from the Baltasiské-267 well, which is located in the
southern facial zone of the C-T deposits. (Figure la, b).
The southern facial zone represents relatively deeper
environments than the south-western facial zone. Accord-
ingly, it is expected that the Cretaceous geological section
is more complete in southern Lithuania.

The studied area corresponds paleogeographically to the
northern shallow water part of the Neotethys ocean (Ogg
et al. 2012). Upper Cretaceous sedimentary rocks in the
Lithuania form continuous and complete (at the stage level)
stratigraphic succession, with comfortable transition in to
the Paleogene strata (PaskeviCius 1997). The chronos-
tratigraphic subdivision of the upper Cretaceous in
Lithuania and the surrounding territories are mostly based
on foraminifera biostratigraphy (Grigelis and Leszczynski
1998), but also on the distributions of other faunal groups
including selachians and bivalves (Adnet et al. 2008;
Dalinkevi¢ius 1935; Paskevicius 1997). The Cenomanian
strata are subdivided into three formations. The Labguva
formation, which contains almost the entire Cenomanian, is
distinguished in the western facies zones of the south-
eastern Baltic. In the upper part (studied here) it is com-
posed of fine-grained clastic sediments with abundant
glauconite. The Akmuo formation is distinguished in the
lower Cenomanian strata of the south and north-eastern
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Fig. 1 a Stratigraphy of the Cenomanian—-Turonian boundary in
Lithuania (after PaskeviCius 1997); b Distribution of Cretaceous
deposits in Lithuania (Grigelis and Leszczyiiski 1998) and borehole

facies zones, and is composed of carbonatic glauconitic
sands and silts. The upper Cenomanian strata from the
same eastern facies zones are combined with the Kasétos
formation and are mostly composed of marls and sands of
varying compositions with abundant phosphorite concre-
tions (PaskeviCius 1997). The lower Turonian strata are
subdivided into two formations—the Brasta formation is
distinguished in the western facies zones and is composed
of marls and siltstones. The Pamerkys formation is distin-
guished in the eastern facies zones and is composed of
chalk and chalky marls (Grigelis 1996).

In this contribution the Kasétos and the Pamerkys for-
mations were distinguished in the investigated interval of
the Baltasiske-267 well. The Kasétos formation is com-
posed of glauconitic sand and sandstone in the upper part
of the formation. The Pamerkys formation is composed of
argillaceous limestone with chalk interbeds in the
Baltasiské-267 well. The Brasta formation is distinguished
in the studied interval of the Blifidsukiai-19 well. This
formation is mostly composed of argillaceous silt.
According to the chronostratigraphical dating, the Kasétos
formation corresponds to the late Cenomanian age (Fig. 1),
both the Pamerkys and the Brasta formations corresponds
to the late Cenomanian to early Turonian ages.

exposed land

shallow marine

deep marine

volcanics

no date

locations; ¢ Palacogeography of the northern Tethyan margin during
the Cenomanian age (Philip et al. 2000; Sachs et al. 2017)

3 Materials and methods

Rock samples from the Cenomanian—Turonian boundary
were collected from two boreholes: Baltasiské-267 and
Blitidsukiai-19. The Blitdsukiai-19 borehole represents the
Klaipéda facies zone defined in western Lithuania and the
Baltasiské -267 borehole is located in the Kaunas zone in
mid-south-eastern Lithuania (Fig. 1). A total of 23 samples
from the two cores were analyzed: 11 from the Baltasiske-
267 core and 12 from the Bliidsukiai-19 core. The samples
were collected and analyzed for a foraminiferal faunal
diversity estimation and a Muricohedbergella delrioensis
left and right-coiled morphotype determination. The sam-
ples were taken every 1 m where possible. The
foraminiferans were extracted by drying the samples,
which weighed 50 g each, and later soaking in sodium
bicarbonate and washing through a 0.063 mm sieve using
standard methods.

For the statistical analysis of the coiling directions of the
M. delrioensis, at least 100 specimens of this species were
evaluated in each sample. The low trochospiral M. delri-
oensis test with 4.5-5.5 globular chambers on the last
whorl were observed on the spiral side. The specimens that
were coiled in a clockwise direction represented a right-
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coiling morphotype and those that were coiled in an anti-
clockwise direction represented a left-coiling morphotype.
This morphological proxy (proportion of dextral and
sinistral morphotypes), as shown in previous studies, can
be used as an indicator of changing oceanographic condi-
tions (Desmares et al. 2016).

The microphotographs of the representative planktonic
and benthic foraminiferal taxa were taken using a scanning
electron microscope at the Nature Research Centre (Vil-
nius, Lithuania). Overall, 24 planktonic species from 10
genera and 6 benthic foraminiferal species and 13 genera
were identified in the middle Cenomanian-lower Turonian
sedimentary succession (Fig. 2). The most important for-
aminifera are illustrated in Figs. 3 and 4. The studied
specimens are stored in the Museum of Geology at Vilnius
University in Lithuania.

For the purpose of the statistical analysis of the for-
aminiferal communities, the squared root transformed rel-
ative abundances of the identified species or genera were
used in a non-metric multidimensional scaling (NMDS)
procedure with the Bray—Curtis distance [as recommended
in Yasuhara et al. (2012)]. The NMDS procedure itera-
tively reveals the community gradients, without implicitly
assuming the shapes of the species distributions along the
environmental gradient (Patzkowsky and Holland 2012),
which makes this technique eminently suitable for ana-
lyzing heterogenous species assemblages. Muricohed-
bergella delrioensis was eliminated from the overall data
set due to its low abundance variance, as the sediments
were searched for other species until the needed census
level of this species (100 specimens) was reached, except
for several samples where this species was extremely rare.

E clayey limestone with chalk interbeads
sandstone SE »— 3 NW

sand

lzl glauconite
El clayey aleurite

Baltasiske - 267

ormation

System
Series
Stages

planktonic benthic

The samples from both the studied cores were pooled in a
common ecological analysis. Later on, the NMDS1 axis,
which reveals the strongest association gradient, was used
as an explanatory variable that revealed the compositional
evolution of the communities through time. The analysis
was performed using the metaMDS ‘vegan’ package
function in the R statistical computing environment (Ok-
sanen et al. 2015; R 2015).

The stable carbon and oxygen isotope ratio values from
the carbonate fractions were measured at the Mass Spec-
trometry Laboratory at the Center for Physical Sciences
and Technology (Vilnius, Lithuania) using a Thermo
Gasbench II coupled with a Thermo Delta V isotope ratio
mass spectrometer. Each sample was loaded into 10 ml
Labco Exetainer® vials, flushed with He, and later treated
with 99.99% H;PO, at 50 °C for 10 h. The isotope data
were normalized against the reference materials IAEA-CO-
8 (8"°C = — 5.764 £ 0.032%o, 3'°0 = — 22.7 £ 0.2%o)
and NBS 18 (3"°C = —5.014 + 0.035%, &'°0 =
— 23.2 + 0.1%o0). The standard deviation (1 sigma) for the
sample analyses was 0.06%o for 8'*C and 0.12%. for 5'®0.
The results are reported in d-notation, and the 5'%0 and
8'3C values are given as parts per-mil (%o) to V-PDB. For
the stratigraphy, only the 8'*C values were analyzed.

4 Results and discussion

4.1 Biostratigraphy
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Fig. 2 Stratigraphy, lithology, and distribution of the foraminifera, and the 3'>C trends in the Baltagiské-267 and the Bliidsukiai-19 core sections
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<«Fig. 3 Planktonic foraminifera species in the Baltasiské-267 (BA)
and Blitdsukiai-19 (Bl) boreholes: A1-A2 Muricohedbergella delri-
oensis (Carsey, 1926) dextral form (BA, 193.5 m depth); B1-B2 M.
delrioensis (Carsey, 1926) sinistral form (BA, 193.5 m depth); C1-C2
M. planispira (Tappan, 1940) (BA, 197.0 m depth); D1-D2 Clavi-
hedbergella simplex (Morrow, 1934) (Bl, 82.5 m depth); E1-E2
Rotalipora cushmani (Morrow, 1934) (BA, 193.5 m depth); F1
Rotalipora cushmani (Morrow, 1934) (BA, 193.5 m depth); G1 W.
inornata (Bolli, 1957) (B, 78.0 m depth); H1-H2 Whiteinella baltica
(Douglas and Rankin, 1969) (BA, 193.5 m depth); I1 W. paradubia
(Sigal, 1952) (BA, 191.5 m depth); J1-J2. W. archaeocretacea
(Pessagno, 1967) (BA, 192.5 m depth); K1-K2 W. aumalensis (Sigal,
1952) (BA, 192.5 m depth); L1 Dicarinella algeriana (Caron, 1966)
(B1, 83.2 m depth); M1 Praeglobotruncana stephani (Gandolfi, 1942)
(Bl, 80.0 m depth); N1-N2 P. delrioensis (Plummer, 1931) (BA,
193.5 m depth); Ol Dicarinella algeriana (Caron, 1966) (Bl, 82.5 m
depth); P1 Dicarinella algeriana (Caron, 1966) (Bl, 82.5 m depth);
Q1 Dicarinella algeriana (Caron, 1966) (Bl, 83.2 m depth); R1 D.
canaliculata (Reuss, 1854) (BA, 187.0 m depth); S1-S2 D. imbricata
(Mornod, 1950) (B, 83.2 m depth); T1 D. canaliculata (Reuss, 1854)
(B1, 81.0 m depth); Ul D. hagni (Scheibnerova, 1962) (BA, 191.5 m
depth); V1-V2. Helvetoglobotruncana praehelvetica (Reiss, 1957)
(BA, 193.5 m depth); W1-W2 Helvetoglobotruncana praehelvetica
(Reiss, 1957) (Bl, 82.5 m depth); X1 Globigerinelloides ultramicrus
(Subbotina, 1949) (BA, 193.5 m depth); Y1-Y2 G. bentonensis
(Morrow, 1934) (BA, 193.5 m depth); ZI Guembelitria cenomana
(Keller, 1935) (BA, 198.5 m depth); AA1 Planoheterohelix para-
globulosa (Georgescu and Huber, 2009) (BA, 198.5 m depth); AB1
Planoheterohelix postmoremani (Georgescu and Huber, 2009) (BA,
193.5 m depth); AC1 Planoheterohelix paraglobulosa (Georgescu
and Huber, 2009) (BA, 193.5 m depth); AD1 Planoheterohelix
globulosa (Ehrenberg, 1840) (BA, 198.5 m depth); AE1 Planohetero-
helix aff. moremani (Cushman, 1938) (BA, 193.5 m depth)

benthic foraminifera. Fossils are absent in the intervals
from 195.5 to 194.5 m and from 189.5 and 188.0 m in the
Baltasiske-267 core, and in the interval from 73.0 to
72.0 m in the Blitdsukiai-19 core.

The upper Cenomanian to the lower Turonian or the
Cenomanian—Turonian boundary (CTB) interval is tradi-
tionally divided into Rotalipora cushmani and Whiteinella
archaeocretacea planktonic foraminiferal zones (Caron
1985; Robaszynski 1984; Robaszynski and Caron 1995)
The C/T boundary is located in the Whiteinella archaeoc-
retacea Zone according to the GSSP definition (Global
Stratotype Section and Point) in Pueblo, Colorado and the
nominate zone includes the interval with the OAE2 event
(Luciani and Cobianchi 1999).

The stratigraphic distribution of the planktonic for-
aminiferal genera and species identified in Baltasiske-267
and Blitddsukiai-19 are shown in Fig. 2. The studied
interval represents the Cenomanian—Turonian boundary
interval. The planktonic foraminiferal assemblages occur-
ring in the BaltasiSké-267 core were assigned to the upper
Cenomanian Rotalipora cushmani Zone and to the upper-
most Cenomanian-lowermost  Turonian  Whiteinella
archaeocretacea Zone (from 193.5 to 187.0 m). The
assemblages found in Blitidsukiai-19 were assigned to the

Whiteinella archaeocretacea Zone (from 83.2 to 72.0 m)
following the planktonic foraminiferal zones proposed by
Robaszynski and Caron (1995) for the Cretaceous in Eur-
ope and the Mediterranean.

The planktonic foraminiferal zones and the character-
istics of their assemblages are presented below from the
oldest to the youngest:

e Rotalipora cushmani Taxon Range Zone (TRZ). This
zone spans from 198.5 to 193.5 m in the Baltasiske-267
core. The upper part of the Rotalipora cushmani TRZ
yield moderately diverse planktonic foraminifera (10
genera and 23 species) in the upper Cenomanian
sediments. The index species R. cushmani is extremely
rare in the studied interval. Rotaliporids were generally
sparse in the studied region. In fact, the nominate
species was not observed in previous studies (Aleksiené
2010). The low abundance of the deep dwelling
Rotalipora species may have been due to ecological
factors related to the prevalence of a relatively shallow
environment (Keller and Pardo 2004) at the studied
sites. Representatives of rotaliporids are just as rare in
the upper Cenomanian sections in Bornholm, Poland
and Bohemia (Kedzierski et al. 2012; Packer and Hart
1994; Peryt and Wyrwicka 1991; Ulicny et al. 1993;
Vadja-Santivanez and Solakius 1999). Two well-pre-
served specimens of R. cushmani were found in the
Baltasiské-267 borehole (at a depth of 193.5 m). The
upper limit of the Rotalipora cushmani TRZ can be
defined by the first appearance (FA) of Whiteinella
archaeocretacea. The FA of W. aprica at the same
level (193.5 m) and the FA of Dicarinella imbricata
one level higher (192.5 m) can be used as additional
criteria.

The nominate zone is characterized by the presence of
Muricohedbergella species (M. delrioensis, M. portsdow-
nensis), Whiteinella species (W. baltica, W. brittonensis),
Praeglobotruncana species (P. delrioensis, P. sthephani),
Globigerinelloides spp. and heterohelicids (PI. globulosa,
PL. paraglobulosa, and Pl. postmoremani). A single spec-
imen of the double-keeled genus Dicarinella first appeared
in this stratigraphic interval. The samples from the interval
between 197.0 and 194.5 m are an exception; they contain
very scarce planktonic and benthic foraminifera fauna, and
195.5 m sample is barren of foraminifera.

Moderately diverse benthic foraminifera (a total of 13
genera and 6 species) were identified in the upper Ceno-
manian-lower Turonian sediment succession. The benthic
foraminiferal assemblage of the nominate R. cushmani
Zone is characterized by high relative abundance of the
calcareous genus Bethelina, the agglutinated genus
Arenobulimina, and specially the species Orthostella
formosa.
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<«Fig. 4 Benthic foraminifera species in the Baltasiske-267 (BA) and
Blitdsukiai-19 (Bl) boreholes: A1-A2 Berthelina cenomanica
(Brotzen, 1942) (BA, 192.5 m depth); B1-B2 B. cenomanica
(Brotzen, 1942) (BA, 192.5 m depth); C1-C2 Berthelina sp. A.
(BA, 198.5 m depth); D1-D2 B. baltica (Brotzen, 1942) (BA,
192.5 m depth); E1-E2 Berthelina sp. B. (BA, 198.5 m depth); F1-F2
Berthelina sp. C. (B, 82.5 m depth); G1 Berthelina sp. D. (Bl, 82.5 m
depth); H1-H2 Berthelina sp. E.(Bl, 79.0 m depth); 11 Praebulimina
elata (Magniez-Jannin, 1975) (BA, 193.5 m depth); J1-J2 Orithos-
tella formosa (Vasilenko, 1954) (BA, 198.5 m depth); K1 Arenob-
ulimina  praesli (Reuss, 1846) (BA, 198.5m depth); L1
Arenobulimina sp. (BA, 198.5 m depth); M1-M2 Berthelina sp. F.
(Bl, 78.0 m depth); N1-N2 Orithostella formosa (Brotzen, 1945)
(BA, 198.5 m depth); Ol Margulinopsis jonesi (Reuss, 1862) (BA,
198.5 m depth); P1 Lagena sp. (BA, 193.5 m depth); Q1 L. globosa
(Brotzen, 1954) (Bl, 82.5 m depth); R1-R2 Lingulogavelinella
orbiculata (Kusnezova, 1953) (BA, 198.5 m depth); S1. Margulinop-
sis sp. (BA, 193.5 m depth); T1 Saracenaria sp. (BA, 193.5 m depth);
Ul L. globosa (Brotzen, 1954) (Bl, 80.0 m depth); V1 L. globosa
(Brotzen, 1954) (Bl, 75.0 m depth)

The dissapearence of Bethelina cenomanica (at
192.5 m) can be used as an additional criterion to set upper
limit of the R. cushmani TRZ. B. cenomanica disappears
either earlier or together with R. cushmani (Jarvis et al.
1988; Ulicny et al. 1993).

e The Whiteinella archaeocretacea Partial Range Zone
(PRZ) spans from 192.5 to 187.0 m in Baltasiské-267
and from 83.2 to 72.0 m in Blitdsukiai-19. The zone
may be characterized by the relatively high abundance
of whiteinellids (W. archaeocretacea, W. baltica, W.
brittonensis, W. paradubia, W. aprica, W. aumalensis,
and W. inornata), the double-keeled genus Dicarinella
(mainly D. imbricata), and the occurrence of Helve-
toglobotruncana praehelvetica. In the middle part of
the Blitdsukiai-19 section (80.0-74.0 m) the forami-
niferal assemblage is dominated by the genus White-
inella (up to 60%). It is difficult to determine the upper
boundary of the Whiteinella archaeocretacea PRZ,
because studied samples are barren of Helve-
toglobotruncana helvetica. As other authors mentioned
(Hart et al. 2012) Tethyan taxon such as Helve-
toglobotruncana helvetica probably is close to its
northern limit as in Bornholm or UK and its appearance
is influenced rather palaeocenographycally than
stratigraphically.

The upper parts of both sections are characterized by the
two benthic Berthelina and Lingulogavelinella genera. A
characteristic feature of the foraminiferal assemblages in
almost the entire Blitidsukiai-19 section (the interval from
82.5 to 72.0 m) is an exceptional abundance of L. globosa.

5 3">C chemostratigraphy

The developed biostratigraphical framework enables the
temporal tying of the 8'°C trend (Figs. 2, 6). The late
Cenomanian part of the record (the Rotalipora cushmani
Zone) was characterized by slightly positive values aver-
aging 0.55%o. On the other hand, in the Cenomanian—
Turonian boundary and the lower Turonian strata (the W.
archaeocretacea Zone) carbonates are characterized by
distinctly positive 8'°C values, averaging 2.64%o, with
maximum values reaching 3.57%o. These very high values
associated with typical foraminifera fauna of the C/T
boundary, allow the interpretation that this 8'°C values
correspond to the C-T stable isotopic excursion. Similar
amplitudes above the 8'°C background values had been
observed (Ogg et al. 2012; Kennedy et al. 2005).

6 Paleocommunity analysis

A community analysis of foraminifera by means of non-
metric multidimensional scaling revealed some interesting
trends in the compositional similarities between the sam-
ples and also in the ecological associations between sepa-
rate species and genera (Fig. 5). It appears that the main
axis revealing the most important gradient in compositions
(NMDS1) generally reflects a temporal component of the
compositional changes in species in both core sections. The
samples from the Baltasiské-267 core, which is represented
by generally older samples from the Rotalipora cushmani
Zone from the upper Cenomanian and Whiteinella
archaeocretacea Zone from the Cenomanian—Turonian
boundary, are mostly concentrated on the left side of the
plot, where lower NMDS1 values prevail. On the other
hand, most of the samples from the Blitidsukiai-19 core are
situated on the right side of the plot—on the opposite side
of the major gradient. The later core is represented by
younger strata from the Whiteinella archaeocretacea Zone
and possibly still younger formations from the lower
Turonian age in the uppermost part of the studied sec-
tion. The variability on the second (NMDS2) axis is less
clear, and probably reflects factors of secondary
importance.

The revealed trend in the community compositions
along NMDS1 could be explained by a long-term sea level
rise during the Cenomanian, and especially the Turonian,
which was detected based on the analyses of the facies
distributions in southern Lithuania and north-eastern
Poland (Grigelis and Leszczyniski 1998). In the Lithuanian
sections there are marked trends in the lithology during this
transition, when the terrigenous material-rich marls of the
Cenomanian age were replaced by the white chalks and
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Fig. 5 Non-metric multidimensional scaling plot of the foraminifera
samples (ovals), and species or genera (crosses) from the pooled
analysis of the Bliidsukiai-19 and Baltasiské-267core data on the first
two axes NMDS1 and NMDS2 [stress(unexplained

chalky marls of the Turonian age (Paskevicius 1997). This
pattern implies sharp changes in the dominant sedimento-
logical regime and in the physical and chemical properties
of the water masses. As similar rising sea level trends have
been revealed based on a compilation of sections from all
over the world (Hallam and Wignall 1999; Haq 2014;
Miller et al. 2003; Miiller et al. 2008; Ogg et al. 2012), it is
probable that this transgression was eustatic in origin.
Therefore, biofacies tracking is an expected result of these
global physical perturbations.

The changes in the species dominance patterns, as well
as their evolutionary appearances and disappearances,
could also be related to the globally recognized extinction
episode at the Cenomanian-Turonian boundary and the
related biogeochemical perturbation. Indeed, this proposi-
tion is confirmed by a comparison of the NMDS|1 scores for
sites with 8'2C values for whole rock carbonates (correla-
tion analysis, gives r=0.75 (with N =18, and
Prandom < 0.001). Higher values of NMDSI1 scores for sites
are associated with higher 5'°C values.

The data on the coiling direction of Muricohedbergella
delrioensis are sparse in this contribution, with only 18
samples, of which only 11 samples had 100 or more
measurable specimens (Fig. 6). However, the present

variation) = 0.14]. The samples are indexed according to the names
of the cores and the corresponding depth levels from which they were
taken (e.g., Bal_187 reads as a sample from the Baltasiské-267 core,
taken from a depth of 187 m)

results are qualitatively similar to the patterns revealed by
previous studies in lower latitudes (Desmares et al. 2016).
At the end of the Cenomanian there was a sharp decrease in
the number of sinistral forms in the Baltasiske-267 sec-
tion. Similarly, lower levels of sinistral forms were
observed in the Blitdsukiai-19 section, which spans the
Cenomanian—Turonian boundary and therefore reflects a
younger time interval (Fig. 6). In the upper Cenomanian R.
cushmani Zone, the average sample percentage of sinistral
shells is 36.47%, and in the uppermost Cenomanian-low-
ermost Turonian W. archaeocretacea Zone, this average
percentage only reaches 22.39% (counts could be found in
the Supporting information).

The results and observations presented here support the
so-called “common cause hypothesis,” which states that
major changes in the biota and physical realm (sea level,
climate, stable carbon isotopic excursions) are driven by
common forcing mechanisms (Miller 1997; Peters 2005;
Peters and Foote 2002). Therefore, despite the fact that
marine ecosystems in higher latitudes were less affected by
the C-T event (Gale et al. 2000; Keller et al. 2001), the
effects on their faunal compositions, as evidenced by the
multivariate and qualitative analyses presented here, are
significant.
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Fig. 6 Relationship between the 8'3C trend, proportion of the coiling directions in Muricohedbergella delrioensis (Carsey, 1926), and the
NMDSI axis scores in the Bliadsukiai-19 and Baltasiske-267 core samples

7 Conclusions

The integrated analysis of the Baltasiské-267 and Bliad-
sukiai-19 core sections revealed that the transition from the
Cenomanian to the Turonian stages can be subdivided into
two zones. The upper Cenomanian strata correspond to the
Rotalipora cushmani Zone, and the C/T boundary and
lowermost Turonian correspond to the Whiteinella
archaeocretacea Zone. The positive stable carbon isotopic
st excursion, with values > 2.00%o, is documented in
the biostratigraphically expected position in the White-
inella archaeocretacea Zone. Moreover, a comparison of
the foraminiferal community states with the 3'°C trends
revealed good correlation. This indicates the significant
impact of the climate changes which prevailed during the
transitions between the Cenomanian and Turonian epochs
in the foraminiferal associations in northern temperate
latitudes.
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