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a b s t r a c t

Stable isotope (d13C, d18O) data from bulk rock in the JurassiceCretaceous transition are characterised by
stability of values in many Tethyan carbonate sections, predominantly those laid down under deeper-
water marine conditions. The generally straight trend in the d13Ccarb curve at the J/K boundary interval
does not show any significant value expressions that are useful for interregional correlation. However, in
several bio- and magnetostratigraphically well-calibrated sections that have been studied, especially in
the CarpathianeAlpine terrain (and some additional sections elsewhere in Tethys), a very slight carbon
isotopic negative excursion directly at the J/K boundary (sensu base of the Calpionella Zone/Alpina
Subzone) shows an almost identical trend. We assume it represents a rather weak geochemical marker at
the Tithonian/Berriasian boundary which, nevertheless, may be identified as a useful tool for strati-
graphic correlation.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In the past ten years, very intensive and very extensive multi-
disciplinary studies have been finalised by the Berriasian Working
Group (BWG), resulting in a proposal for the Global Boundary Stra-
totype Section and Point (GSSP) for the Berriasian Stage (and thus
the entire Cretaceous system) (Wimbledon et al., 2020a, 2020b).
This step was supported by robust bio-, magneto- and chemo-
stratigraphical data. The decision was founded on a formal vote of
the BWG, that endorsed the consensus of the previous twenty years,
that the base of the Calpionella alpina Subzone was by far the best
marker for the stage base e a marker that is more widespread and
consistent than any formerly preferred ammonite taxon. However,
the expression of the calpionellid eco-morphotype probably does
not fit to the conception of the boundary between systems.
. Ko�s 0t�ak), daniela.rehakova@
uni.cz, vankoval@gli.cas.cz
ch), jakub.trubac@natur.cuni.
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Although the bio- and magnetostratigraphy provided relevant
correlatable data, the chemostratigraphy (based predominantly on
stable isotope d13C and d18O values) did not play such an important
role in the identification of the J/K boundary level.

The carbon and oxygen stable isotope record of the J/K boundary
interval has been investigated by many authors in numerous sec-
tions (e.g. Weissert and Channell, 1989; Weissert and Erba, 2004;
Grabowski et al., 2010a, 2017, 2019; Michalík and Reh�akov�a, 2011;
Price et al., 2013, 2016; Michalík et al., 2021; and others).

The generally straight trend in the d13Ccarb curve in the bound-
ary interval (base of Alpina Subzone, Wimbledon et al., 2020a) does
not show any significant value expressions useful for interregional
correlation (Ogg and Hinnov, 2012; Cramer and Jarvis, 2020).
However, a very slight, but recognisable, negative carbon isotopic
excursion occurs close to the J/K boundary (Crassicollaria/Calpio-
nella Zones boundary; magnetozone M19n2n). It shows an almost
identical trend in northern Tethys (Michalík et al., 2009; Ko�s 0t�ak
et al., 2018; Grabowski et al., 2019; Michalík et al., 2021, and ref-
erences therein). Slight d13Ccarb isochronous perturbations at the
base of the Alpina Subzone probably reflect smaller changes in the
oligotrophic system and may be related to the predominance of
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Palaeogeographic distribution of selected localities (areas) with a negative shift (red arrows) of the d13Ccarb (‰) values: Europe e Puerto Esca~no (�Z�ak et al., 2011); Tr�e Maroua
(Wimbledon et al., 2020b), Kurovice (Ko�s 0t �ak et al., 2018; this paper); L�okút (red/left curve e Grabowski et al., 2017; violet/right curve e Price et al., 2016) e all sections represent
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smaller globular forms of Calpionella alpina among the calpionellid
association (Kowal-Kasprzyk and Reh�akov�a, 2019), following a
bloom of nannofossils, mainly nannoconids (Bornemann et al.,
2003; Tremolada et al., 2006).

As noted by Ko�s 0t�ak et al. (2018), this slight decrease in the d13C
values at the base of the Alpina Subzone may have potential for
global geochemical correlations (Wimbledon et al., 2020a). This
assumption has recently been supported by a large synthesis
(Michalík et al., 2021) for Carpathian sedimentary sequences.
Published data from Mexico (Adatte et al., 1996; Barrag�an et al.,
2020) show hopeful potential for transatlantic correlation, and
new data from the Neuq�en Basin (Kietzmann et al., 2021; Blanco
et al., 2022) extend this possibility to South America (Proto-Pa-
cific/Panthalassa).

Hereby, we present the possibility of interregional and inter-
continental correlation based on combination of calpionellid and
chemostratigraphic methods. The Kurovice section (Outer Western
Carpathians; Czech Republic) is compared to other Tethyan sections
and the possibility of the Trans-Atlantic correlations with Mexican
and Argentinian (Proto-Pacific/Panthalassa) sections is briefly
discussed.

2. Methods

The bulk carbonate (d13C, d18O) stable isotope compositions
from Kurovice section (completely presented herein, all data in ‰
VPDB) were analysed in the stable isotope and organic geochem-
istry lab of the Earth Science Institute at the Slovak Academy of
Sciences, Bansk�a Bystrica (Slovakia). All samples (60e200 mg) used
for the stable isotope analysis were carefully taken from a diage-
netically unaltered homogenous micritic component of the lime-
stone; bioclasts, calcitic veins, and others were excluded. Samples
showing signs of recrystallisation and cement content were also
excluded from the analysis. For detailed laboratory equipment and
methodology, see Ko�s 0t �ak et al. (2018; published data therein con-
cerned the upper part of the section). All samples were taken from
the same levels (average distances ~10e15 cm) as those used for the
palaeomagnetic and micropalaeontological analyses, which are not
included in this paper.

The TOC analyses were also provided for the Tr�e Maroua section
(Laboratories of the Geological Institutes, Faculty of Science, Charles
University). The methodologies and section description of Kurovice
and Tr�e Maroua are given in the original publications (Elbra et al.,
2018; Wimbledon et al., 2020a).

3. Results

The high resolution sampling in Kurovice provided relevant data
for correlation and interpretations in a wider context. The interval
betweenM21r (dinoflagellate cystMalmica Zone) and upper part of
M21n zones (dinoflagellate cyst Semiradiata Zone) is characterised
by large fluctuations in oxygen values (ranging from�4.8‰ to�0.5
‰; this phenomenonmay probably be linked diagenesis and/or the
flysch-like character of sedimentation in this part of the section)
and by a positive trend within carbon values (approximately from
0.0‰ to 0.8‰). Therefore, a diagenetic overprint in d18Ocarb cannot
be, however, excluded as suggested by the significant correlation
between d13Ccarb and d18Ocarb values (r ~0.66). The isotopic data
from this part are not such relevant (not representing J/K boundary
Crassicollaria/Calpionella zones boundary (J/K) transition in carbonates at different environ
values at Apulco show similarity to those in Europe, values at Iturbide and Puerto Pi~none
mulations of organic matter buried (see the text). Argentina, Neuqu�en Basin, Puerto Curaco (
peak located closely to the J/K boundary (see the discussion in the text). Palaeogeographical
SO ¼ S. occitanica; BJ ¼ B. jacobi; PA ¼ P. andreaei; MM ¼ M. microcanthum; MP ¼ M. pont
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interval and highly probable diagenetic overprint in d18Ocarb) and
are not use in our interpretations. From Beds 20e21 (lower part of
magnetozone M20r) a prominent negative shift is seen in d18Ocarb
values (from �1.2 ‰ in Bed 19 to �2.2‰ in Bed 23 and to almost 3
‰ in Beds 28e29) and a slight positive shift in d13Ccarb values (from
0.6‰ VPDB to 1‰). From the base of Tenuis-Fortis Zone to the base
of Remanei Subzone, the trend is characterised by marked positive
expressions of oxygen (from �4.82 ‰ VPDB, Bed 38T to �1.77 ‰
VPDB, Bed 44 in d18Ocarb) and variations in carbon values (from 0.09
‰ VPDB, bed 37T to 0.98 ‰ VPDB, Bed 45 in d13Ccarb). This part
covers an interval below and at the base of the Kysuca magnetic
Subzone.

In the upper part of M20n1n (prior to M19r), a negative shift in
d13Ccarb (of about 0.5 ‰) is well distinguishable and it may repre-
sent a potential for further correlation (see below). The interval
between Beds 65e73 coincides with either positive (up to �2.0 ‰)
or negative (�3.4 ‰) variations in d18Ocarb values and with an
almost straight carbon curve. Slight negative shift (magnitude of
about 0.5e0.6 ‰) in d13Ccarb values typical for the J/K boundary
transition is recorded at base of Alpina Subzone. Upwards, the
positive trends of oxygen and carbon values continue to the bed 147
(lower M17r Zone, Elliptica subzone), where a negative shifts in
both values are observed. The negative carbon excursion in this
level may also represent a potential for correlation (see chapter 4.1.
below). All stable isotope data in relation to beds are given in the
Supplementary Table 1.

4. Discussion

4.1. Isochroneity of the base of the Alpina Subzone e or causality in
relation to bioproductivity?

The d13C values in marine carbonates result from the 13C/12C
ratio of dissolved inorganic carbon. However, the isotopic compo-
sition is also linked to the activity of autotrophic organisms
(photosynthesis) and bacterial oxidation of organicmatter, affecting
the d13C content (CO2) in the surface water (Scholle and Arthur,
1980; Schobben et al., 2017; Al-Mojel et al., 2018; Chen et al.,
2022). It has been widely suggested that variation in d13Ccarb re-
flects the initial seawater signal in both cases e regional and global.

The d13Ccarb fluctuation has recently been correlated against
distribution and quantity of microplankton in the Carpathian sys-
tem in great detail (Michalík et al., 2021), providing relevant in-
formation about the behaviour of the stable isotopic data versus
microfossil associations. The bloom/predominance of smaller
globular C. alpina at the base of the Alpina Subzone (“Calpionella
event”; Michalík et al., 2021) is followed by a very slight positive
trend for d18Ocarb recorded at Kurovice, Velykyi Kamianets and
Brodno and characterised by a negative shift in d13Ccarb values
(Figs. 1e3). The latter may indicate a decrease in bioproductivity
(and subsequent burial of organic matter) at the base of the Cal-
pionella Zone (Alpina Subzone). However, upwards (but still within
the lower Calpionella Zone), an opposite trend e that is, a positive
shift in d13Ccarb valuese is observed, suggesting a return to previous
palaeoceanographic conditions (�Z�ak et al., 2011; Ko�s 0t �ak et al., 2018;
Michalík et al., 2021, and references therein).

Generally, calpionellids preferred rather nutrient-poor envi-
ronments corresponding to the oligotrophic system (Reh�akov�a,
1998; Michalík et al., 2009; linked also to nannofossil
ments. Mexico (adopted and improved from Barrag�an et al., 2020): while the d13Ccarb

s sections are significantly more negative, this phenomenon is linked to a local accu-
adopted and improved from Blanco et al., 2022): The d13Ccarb variations with a negative
map modified after Golonka (2011). Ammonite zones: TA ¼ T. alpillensi; FB ¼ F. boissier;
i/B. peroni; SF ¼ S. fallauxi; SS ¼ S. semiforme (Blanco et al., 2022).



Fig. 2. Stable isotope (d13Ccarb, d18Ocarb, ‰) data from formerly suggested candidate GSSP section Tr�e Maroua (Wimbledon et al., 2020b; Grabowski et al., 2022a; MK unpublished
data). The negative shift of d13Ccarb values at the J/K boundary is indicated by red arrow. The TOC content shows almost minimum variation in carbonates at Tr�e Maroua (this paper)
across the J/K boundary (respectively Crassicollaria/Calpionella zones boundary) reflecting a very limited potential of organic carbon for stratigraphic correlations in this interval.
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Fig. 3. Stable isotope data (d13C, d18O from bulk rock, ‰ VPDB) from the entire Kurovice section (this paper; Ko�s 0t �ak et al., 2018) in relation to magnetostratigraphy, calpionellid and
dinoflagellate cyst biostratigraphy (Elbra et al., 2018). The J/K boundary interval (Crassicollaria/Calpionella zones boundary) falls into the suggested arid/aridification phase sensu
Price et al. (2016); Grabowski et al. (2019) and Michalík et al. (2021). A long-term of ?warming trend starting from upper M21n magnetozone (lower Tithonian; with a positive shift
of d18Ocarb values in the uppermost parts of the M20n2n through the lower part of M19n2n magnetozones). The peak of ?warming slightly precedes the J/K boundary. Upwards, it
changes into a long term positive trend of d18Ocarb values (?cooling) probably resulting to humidification (sensuMichalík et al., 2021) in the M17r magnetozone. The negative peak of
d13Ccarb values (red arrow) is highlighted by enlarged scale of values (‰), see also Fig. 1. Calpionellid subzones: Reman. e Remanei Subzone; Ferass. e Ferassini; dinoflagellate cyst
zonation: TFZ e Tenuis-Fortis Zone. The grey and blue smoothed curves are created by data extrapolation.
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Fig. 4. Comparison of stable isotope data (d13C, d18O from bulk rock,‰ VPDB): Brodno (Slovakia) and Velikyi Kamianets (Ukraine) after Michalík et al. (2021, and references therein), Kurovice (this paper) and Iturbide (Mexico; Barrag�an
et al., 2020). Calpionellid subzones: Col e Colomi Subzone; Rem e Remaniella Subzone; dinoflagellate cyst zonation: TFZ e Tenius-Fortis Zone. Numbers 1e3 with arrows: negative shifts of Michalík et al. (2021). Arrows in carbon curves
mark positive and negative trends.
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distribution, Erba, 1994). Their higher diversity is linked to higher
stands of sea level. The opposite trend e the occurrence of mono-
specific association of smaller globular C. alpina at the J/K boundary
emay reflect a sea-level fall (Kowal-Kasprzyk and Reh�akov�a, 2019;
€Olveczk�a and Reh�akov�a, 2022). This phenomenon is also associated
with the radiation and rise in abundance of nannoconids
(Tremolada et al., 2006; Michalík et al., 2016). The isochroneity of
the base of the Alpina Subzone is confirmed by numerous publi-
cations (summarised by Wimbledon et al., 2020a). The predomi-
nance resulting almost in a monoassociation of smaller C. alpina,
and a slight negative shift in d13Ccarb values may represent a cau-
sality in relation to bioproductivity and palaeoceanographic
changes e e.g. salinity variations, water masses stratification,
nutrient depletion, climatic factors, pCO2, etc., Michalík et al.
(2009).

Stable isotope data (d13Ccarb) directly from the J/K transition of
numerous sections showa consistent record, respective trende e.g.
negative shift in carbon values (and an opposite, positive shift in
d18Ocarb values) within the NW Tethys, Central Atlantic (Tethyan e

Mexico; Adatte et al., 1996; Barrag�an et al., 2020) and South-east
Pacific (Panthalassa) and are, therefore, correlatable with the
global d13C stack (Figs. 1e4).

In Mexican localities (palaeoceanographically linked to the NW
Tethys), several sections show a negative shift of carbon values
around the J/K boundary e e.g. Iturbide (Fig. 4), Peregrina Canyon,
Puerto Pi~nones and Sierra Jabali (Adatte et al., 1996). In the latter
mentioned section, however, the prominent negative peak is
documented just above the boundary.

Comparing longer trends in carbon stable isotope record prior to
the J/K boundary, we could see some differences between Mexican
and European Tethyan sections (Fig. 4) and published data from
Argentina. In European Tethyan sections (Carpathians and Trans-
danubian Mts), a predominantly increasing trend in d13Ccarb values
is observed (Price et al., 2016; Michalík et al., 2021), while the
sections from Western Hemisphere show not so uniform patterns
(in Apulco, the carbon values are slightly increasing in the Titho-
nian; Puerto Pi~nones shows almost straight but very slightly posi-
tive trend; at the Iturbide section, the d13Ccarb values increases and
then decreases, Fig. 4). In this respect, the Kurovice section
(belonging to Carpathian system) partly resembles some Mexican
localities (cf. Adatte et al., 1996; Barrag�an et al., 2020, fig. 5 therein).
The lower part of Kurovice section (M21r e lower part of M20n1n)
shows clear positive trend (in average, increasing from 0.5 ‰ to 1
‰). Negative carbon excursions are recorded in the upper part/top
of M20n2n (with decrease values of almost 1.0 ‰) and in the
M20n1n (lower part of the Crassicollaria Zone), decrease of values
of about 0.5 ‰ (from ca 1.0 ‰ to 0.5 ‰). The latter mentioned
excursion is assumed herein (with question mark) to be an equiv-
alent of the “negative shift 1” sensu Michalík et al. (2021).

From the base of M19r (middle Crassicollaria Zone), the very
slight positive trend in Kurovice (from the middle/upper part of the
Intermedia Zone; magnitude of about 0.1 to 0.2 ‰) is almost iden-
tical with that seen in Brodno and Velikyi Kamianets (Fig. 4), as well
as in numerous other sections (see above). The very slightly posi-
tive trend is followed by the “negative shift 2” of Michalík et al.
(2021, fig. 9). Upwards (in the lower part of Alpina Subzone, just
below the bed 100 in Kurovice), the positive trend starts (from 0.8.
to 1.3 ‰ in M17r e Elliptica Subzone). Within the lowermost to
lower parts of M17r, there are two negative carbon excursions
(Fig. 4) which may correspond to the “negative shift 3” recorded in
the section Strapkov�a (Michalík et al., 2021; fig. 9; not figured
herein). At approximately the same level, a negative shift in values
is also reported from Mexico, Iturbide section (Fig. 4) and Puerto
Pi~nones (Barrag�an et al., 2020, fig 5). The calibrations of these
peaks, however, will need further detailed investigations.
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Still, no important excursions of the d13Corg from limestones in
NW Tethys (including the Mediterranean part) were detected
(Grabowski et al., 2022b). The content of organic matter buried in
pelagic limestones is accessory reaching values up to 0.5% TOC (TC-
TIC; Tr�e Maroua e Fig. 2). Generally, in northern Tethys, the TOC
documents only minor organic matter variations in carbonate
sections (for example Brodno e up to about 0.35%; Michalík et al.,
2009), and they are not a subject of discussion. However, the
marl to marly-limestone intercalations within limestone de-
velopments in some sections require further investigation, espe-
cially in relation to the “VOICE” event (prior to the J/K boundary
recognised herein). This marked d13Corg expression has been
recorded only at higher latitudes (Galloway et al., 2020), but
recently also in the Southern Hemisphere e the Neuqu�en Basin
(Weger et al., 2022) e and may represent a possible new marker
near the J/K boundary, allowing correlation between boreal regions
and Tethys (Grabowski et al., 2022b).

4.2. Climatic aspects

It is worth mentioning that oxygen isotopes are not fully
accepted as palaeotemperature markers due to a relatively com-
mon diagenetic changes. We cannot exclude diagenetical processes
in Kurovice section. Carbon isotopes are generally more resistant to
diagenetic alteration than oxygen isotopes (Anderson and Arthur,
1983; Paul et al., 1999; Cramer and Jarvis, 2020). We assume that
the obtained curves keep primary signal in carbon isotope record,
however the oxygen isotopes are more sensitive to alteration dur-
ing carbonate diagenesis. It is well seen in the lower part of Kur-
ovice section where we assume also stronger diagenetical changes.
In closely spaced samples, we observed unrealistically extreme
variations (reaching 4.5 ‰ at dinoflagellate cyst Malmica Zone,
Fig. 3) and we do not use these data for interpretations. However,
from the lower dinoflagellate cyst Semiradiata Zone upwards, these
variations (with two exceptions e base of M21n and uppermost
part of M20n2n e dinoflagellate cyst Tenuis-Fortis Zone, Fig. 3) are
lesser, showing similarities to other Tethyan sections. Therefore, we
conclude also a possible role of palaeoclimatic signal (Bodin et al.,
2009).

Although the d13Ccarb negative shift at the base of Alpina Sub-
zone may be linked to a major microplankton bloom, the d18Ocarb
excursions may be related to climatic changes at the J/K boundary
(Michalík et al., 2021). An increase in bulk rock d18Ocarb values may
represent a slight cooling trends through the studied sequences
(Fig. 3 e between M20n2n and lowermost M19n2n and between
the J/K boundary and M17r). This interpretation, however, only
partly corresponds with data from Tethys (i.e. Brodno section) and
partly to higher latitudes (boreal-Arctic) e such as d18Obel values
(�Z�ak et al., 2011; Zakharov et al., 2014; e.g. -cooling trend between
M20n1r and the base of M19n). Therefore, long-term trends in
variations of d18Ocarb values at the Kurovice section (Fig. 3) will
need to be clarified in the future using additional methods.

Michalík et al. (2021) interpreted equal stratigraphical intervals
as periods of aridification or as the semi-arid transitional phase in
the climate mode sensu Grabowski et al. (2019). The rhythms of
arid/humid variations are well recognised especially in the Sub-
Boreal basins (Polish Basin) based on-marine (Grabowski et al.,
2021; Bla _zejowski et al., 2022) and also in non-marine strata
(Schneider et al., 2018) in the J/K interval. It is notable, that these
interpretations are based on carbonate content increase, clay
minerals and detrital input decrease input (Grabowski et al., 2019).
The general trend within the Tithonian climate in the Carpathians
was from a humid period in the lower Tithonian (M21n magneto-
zone, dinoflagellate cyst Malmica Zone), the beginning of aridifi-
cation in the middle part of the M20r leading to an arid period from
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the lower part of the M19n2n (Crassicollaria Zone, upper part of
Intermedia Subzone, linked also to the onset of Nannoconus), and a
return to humid conditions, possibly located within M17r (Michalík
et al., 2021). This climatic interpretation follows the assumptions of
Price et al. (2016) and Michalík et al. (2021) and has also been
recently adopted for the Kurovice section herein (Fig. 3), where the
peak of the warming trend seems to culminate just prior to the J/K
boundary, high in the Crassicollaria Zone in the Colomi Subzone
(Fig. 3). However, this assumption needs to be discussed in more
detail.

The sedimentation of Kurovice limestones is assumed to lay
between aragonitic and calcitic compensation depths (Ko�s 0t�ak et al.,
2018), therefore, in a deeper setting which was a less subjected to
perturbations in salinity and temperature. In this respect, we as-
sume diagenetical affections in some parts of the section, e.g. in-
tervals where we have recorded rather extreme variations (see
above).

4.3. Implications for global correlation? Pros and cons

We assume the predominance of the monospecific association
of smaller globular forms of C. alpina, as well as the accompanying
negative shift in d13Ccarb values, to be isochronous within the Tethys
Ocean in different facies/environments (Fig. 1). For instance, Puerto
Esca~no represents the environment at the Subbetic Cordillera
plateau (Pruner et al., 2010), the Kurovice sequence shows the
strong influence of allodapic limestone slumps deposited on lower
slopes (Ko�s 0t �ak et al., 2018), Tr�e Maroua is considered to have been
deposited in the upper to middle slope environment (Wimbledon
et al., 2020b) and L�okút is regarded as a transitional sedimentary
space between a deep pelagic basin and a shallower plateau
(Grabowski et al., 2010b, 2017). Similar or identical trends of stable
isotope curves have been observed in other sites (and in different
environments) e Brodno, Hlbo�ca and Strapkov�a (Michalík et al.,
2009, 2016; Grabowski et al., 2010a), Borzav�ar (Szives et al.,
2022), Frisoni (Weissert and Channell, 1989) and Velykyi Kamia-
nets (Grabowski et al., 2019), among numerous studied sections.

The newly presented data from South America e the Neuqu�en
Basin (Kietzmann et al., 2021; Blanco et al., 2022; Weger et al.,
2022) e represent the promising possibility of further strati-
graphical correlation. A significant negative peak in the d13Ccarb
values is well expressed at the Sierra de la Vaca Muerta (MCD)
Neuqu�en section (periplatform environment) at the Tithonian/
Berriasian boundary (Blanco et al., 2022). These authors have used
another Neuqu�en section (Puerto Curaco) for correlations with the
Tethyan area and found negative double peaks prior to the J/K
boundary (Blanco et al., 2022; Fig. 6). However, the stratigraphical
column presented therein is based on Tethyan ammonites, which
have somewhat limited potential in this interval (Wimbledon et al.,
2020a). On the other hand, the magnetostratigraphic scale clearly
documents the position of the upper peak, approximately in the
middle part of the M19n magnetozone (lower part of Berriasella
jacobi Zone). The exact position of the ammonite zonation in this
area has recently been summarised by Weger et al. (2022), sug-
gesting the Tithonian/Berriasian boundary in the lower part of the
S. koeneni Zone, within magnetozoneM19n2n (Weger et al., 2022e

fig. 3 therein). When compared to the recently published data of
Kietzmann et al. (2021), this boundary falls in themiddle part of the
M19n, where the Crassicollaria/Calpionella zones boundary is also
established, in the Arroyo Loncoche section (Kietzmann et al., 2021;
Fig. 4), that is, close to the J/K boundary, as in the classical sections
of Tethys. It is notable that values (d13Ccarb in ‰) are significantly
different than those in the Tethyan.

However, the negative shift in d13Ccarb values is rather small at
the J/K boundary interval, and it is recorded sometimes only using
8

high density sampling. It is notable that the J/K boundary transition
in northern Tethys is characterised by extremely low fluctuations in
d13Ccarb values, and this may also be linked to regional features.
Therefore, the recognition of the d13Ccarb peak in sections must
always be calibrated and confirmed by the application of the stable
calpionellid record (and also by calcareous nannofossils and mag-
netostratigraphic calibration).

5. Conclusions: useful marker for the boundary correlation?
Yes, but …

Tethyan carbonates are generally poor d13Corg reservoirs and
d13Ccarb values in the J/K boundary interval show extremely small
variations.

A negative shift in the d13Ccarb values is a slight geochemical
marker at the Tithonian/Berriasian boundary, the boundary be-
tween the Crassicollaria and Calpionella zones. Stable isotope data
from the J/K transition from selected localities including also
former candidate stratotype sections for the boundary show a
consistent record, as do other Tethyan (including Mexico) and
Argentinian (Proto-Pacific) localities within the global d13C ‘stack’.
In this respect, the d13Ccarb curve, in combination with calpionellid
stratigraphy, represents a useful tool for stratigraphic correlation.

The J/K boundary is also based on the predominance of the eco-
morphotype of smaller, globular C. alpina. This “Alpina event” is
accompanied by a negative shift in d13Ccarb values. However, the
geochemical signal is relatively weak and we recognise that it does
not generally permit its use as proxy for the base of the Alpina
Subzone. The identification of this d13Ccarb excursion is strongly
dependent on the presence of a relevant calpionellid record. Cal-
pionellids dominated especially in the predominant deeper-water
environments, though they are rarer in shallow-water and reef
deposits (Kowal-Kasprzyk and Reh�akov�a, 2019; Va�nkov�a et al.,
2019). Therefore, the coincidence of the d13Ccarb excursion with
the onset of predominant small globular C. alpina may not be
recorded in such settings.

Based on detailed investigation of Kurovice section, we present
stratigraphical stability of the “negative shift 2” sensuMichalík et al.
(2021). The “negative shifts 1 and 3” are reported from Kurovice
with question marks. All three carbon negative shifts are hopeful
markers for the further investigations. In this point, we assume
Kurovice locality to be suitable reference section for interregional
and intercontinental correlations.
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