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Abstract. The Maastrichtian—Danian time interval corresponds to one of the largest mass extinctions in the
Earth’s geological history. We investigate changes in planktic foraminiferal assemblages and TEX18’16-based sea
surface temperatures (SSTs), which reflect surface water conditions, across the Maastrichtian—Danian transition
at the Cerro Azul section in the Neuquén Basin, Argentina. Within the Maastrichtian, we identify species that
became extinct at the Cretaceous—Paleogene (K-Pg) boundary, such as Planoheterohelix globulosa and Muri-
cohedbergella monmouthensis, even though these taxa are not typically employed as biostratigraphic markers.
Dominance of guembelitrids, usually characterised as opportunistic taxa, is recognised in the upper Maastrichtian
interval and within the first 35 cm of the lower Danian, suggesting broad instability in the water column across
the K—Pg boundary. Within the lower Danian, two planktic foraminiferal biozones, with high-latitude paleo-
geographic affinities, were recognised. The AP0 zone was recognised for the lowermost 45 cm above the K-Pg
boundary, within the partial range of Turborotalina nikolasi. The first occurrence of Globoconusa daubjergen-
sis, 45 cm above the K—Pg boundary, defines the base of subzone APla, which extends towards the top of the
studied interval (90 cm above the K—Pg boundary). The planktic foraminiferal fauna recovered from the early
Danian interval exhibits a strong affinity to high latitudes, as evidenced by the presence of Antarcticella pau-
ciloculata. However, at 45 cm above the K-Pg boundary (biozone APla), a slight increase in the abundance
and/or appearance of tropical and/or subtropical species (Woodringina claytonensis) is observed, suggesting an
increase in surface water temperature (SST). This coincides with the trend recorded by TEX;IG, which shows
a ~1.5°C rise in SST above ~ 45 cm into the Danian interval at the Cerro Azul section. Our assessment of
planktic foraminiferal assemblages suggests that the Cerro Azul section comprises a continuous record of the
Maastrichtian and early Danian time interval in the Southern Hemisphere. Additionally, a typical distribution
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pattern across the K—Pg boundary is observed, with the bloom of opportunist taxa. The middle- to high-latitude
paleobiogeographic affinity observed at the beginning of the Danian period for planktonic foraminiferal assem-
blages from the Cerro Azul section is based on the occurrence of Antarcticella pauciloculata, which has its
paleobiogeographic range in the South Atlantic Ocean extended to mid-latitudes.

1 Introduction

The transition from the Maastrichtian to the Danian age was
characterised by one of the most intense mass extinction
events in Earth’s history (Vandenberghe et al., 2012). This
extinction represents a planetary-scale disturbance, caused
by an asteroid impact on the Yucatan Peninsula and mag-
nified by intensified volcanic activity of the Deccan Traps
(e.g. Krahl et al., 2023), which triggered one of the most
significant biological crises. In the geological record, it de-
fines the boundary between the Mesozoic and Cenozoic
eras, known as the Cretaceous—Paleogene (K-Pg) boundary
(Molina, 2015). Planktic foraminifera were particularly af-
fected, with the abrupt loss of over 90 % of Maastrichtian
species (e.g. Olsson et al., 1999; Lowery et al., 2020). The
few surviving species, however, eventually gave rise to all
subsequent Cenozoic lineages (Aze et al., 2011).

The planktic foraminiferal fauna of the earliest Danian
wwas characterised by low diversity, high dominance of a
few species, rapid evolutionary turnover (Arenillas et al.,
2000; Huber et al., 2020; Lowery et al., 2021), and blooms
of smaller generalist or opportunist species that thrived under
environmental stress (Punekar et al., 2014). Two of the main
characteristics of the planktic foraminiferal assemblages af-
ter the K—Pg boundary were the occurrence of a Guembe-
litriid bloom (e.g. Kroon and Nederbragt, 1990; Pardo and
Keller, 2008; Punekar et al., 2014) and increased abundance
of aberrant species (e.g. Arenillas et al., 2018; Gilabert et al.,
2021a, b; Krahl et al., 2023), both indicators of significant
environmental stress.

Numerous studies have focused on planktic foraminiferal
assemblages across the K—Pg boundary in the South At-
lantic Ocean. Paleogeographically, these studies form a tran-
sect from low to high latitudes: Poty quarry — northeast
of Brazil (Koutsoukos, 1996); Campos Basin (Koutsoukos,
2014); Deep Sea Drilling Project (DSDP) Site 356 — Sao
Paulo Plateau (Krahl et al., 2017); Integrated Ocean Drilling
Program (IODP) Site 1262 — Walvis Ridge (Krahl et al.,
2023); Ocean Drilling Program (ODP) Site 690 — Maud
Rise (Stott and Kennett, 1990; Huber et al., 2020); and Sey-
mour Island, Antarctic Peninsula (Huber, 1988). The occur-
rences of planktic foraminifera with different latitudinal pref-
erences, likely influenced by sea surface temperature (SST)
gradients, affected the presence and/or absence of the taxa
used for biostratigraphic subdivision of the Danian strata at
high (Huber and Quillévéré, 2005; Huber et al., 2020) and
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low to middle latitudes (Berggren et al., 1995; Wade et al.,
2011).

The Neuquén Basin (Argentina) contains significant expo-
sures of upper Cretaceous and lower Paleogene strata and
has been studied for its foraminiferal content (Nafiez and
Concheyro, 1996; Keller et al., 2007), as well as paleocli-
matic and paleoenvironmental dynamics (e.g. Keller et al.,
2007; Woelders et al., 2017). Its position at ~45°S paleo-
latitude (van Hinsbergen et al., 2015) is fundamental for un-
derstanding the paleobiogeography of planktic foraminifera
in the South Atlantic Ocean (e.g. Huber et al., 2020). Keller
et al. (2007), studying samples from the Bajada del Jagiiel
(BJ) section, Neuquén Basin, considered Danian taxa sim-
ilar to those found at middle and low latitudes and were
able to correlate them to global biostratigraphic schemes (e.g.
Keller et al., 1996). These authors consider the K-Pg bound-
ary interval to be absent at the BJ section due to a discon-
formity that extended from the end of the Maastrichtian to
the beginning of the Danian (Keller et al., 2007). Nafiez and
Concheyro (1996) report planktic foraminiferal occurrences
for the Opaso, Bajada del Jagiiel, and Puesto Sin Nombre
sections, which characterised the P1 biozone (Berggren et al.,
1995) for the lower Danian strata. It is noteworthy that the oc-
currence of the P1 biozone had been previously reported by
Bertels (1964, 1969a, b, 1970, 1972, 1974, 1975a, b), who
identified the Globigerina pseudobulloides subzone (equiva-
lent to Parasubbotina pseudobulloides) and the upper part of
the Subottina triloculinoides subzone (Berggren, 1969). Ber-
tels (1964, 1969a, b, 1970, 1972, 1974, 1975a, b) also sug-
gested the presence of a hiatus between Maastrichtian and
Danian strata in the Neuquén Basin.

The Cerro Azul section represents one of the most com-
plete records of the K—Pg boundary known in South America
(Guerra et al., 2021). However, micropaleontological stud-
ies across the K-Pg boundary at the Cerro Azul section are
limited to calcareous nannofossils (Guerra et al., 2021), os-
tracods (Ceolin et al., 2015; Ceolin et al., 2016), and pa-
lynomorphs (Pincheira and di Pasquo, 2021). This study
presents a detailed analysis of planktic foraminiferal occur-
rences and a new TEXIS'I6-based SST record across the K-Pg
boundary at the Cerro Azul section, allowing for biostrati-
graphic, paleoenvironmental, and paleobiogeographic inter-
pretations. The results were then compared with previous
paleoenvironmental proxy data for this site. The Cerro Azul
section provides a valuable opportunity to study the response
of planktic foraminifera to the environmental changes at the
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K-Pg boundary in mid-latitude regions of the South Atlantic
Ocean.

2 Materials and methods

Our study examines a sedimentary succession spanning the
K-Pg boundary at the Cerro Azul section in the Neuquén
Basin, Argentina (Fig. 1). This section has been the sub-
ject of several studies examining sediment geochemistry and
the biostratigraphy of calcareous nannofossils (Musso et al.,
2012; Guerra et al., 2021). Guerra et al. (2021) reported the
record of a complete K-Pg transition (from samples CAl
to CA18) between calcareous nannofossil biozones CC26b
and NP1 and geochemistry proxies (e.g. Log(Cr+Co)/RbD).
Here, we examined a 1.10m long interval, with a sam-
pling resolution of 10 cm, between samples CA7 to CA17 of
Guerra et al. (2021). Lithologically, the section is composed
of yellow-greyish calcareous mudstone in the upper Maas-
trichtian, overlain by an olive-grey calcareous mudstone at
the base of the Paleocene.

2.1 Planktic foraminiferal analysis

Recovery of microfossils involved the following steps:
(i) weighing ~ 10 g of bulk sample, (ii) mechanical break-
down of the sample, (iii) immersion of the sediments in
hydrogen peroxide (H,O> at 29 %) for 24 h, (iv) washing
residues over a 38 um mesh sieve, and (v) picking of ~ 300
planktic foraminiferal specimens under a microscope Zeiss
Discovery V.8. For taxonomic identifications, we used the
classification schemes of Olsson et al. (1999), Liu and Ols-
son (1992), Koutsoukos (2014), and Huber et al. (2020).
Biostratigraphic interpretations were based on the zonal
scheme of Huber and Quillévéré (2005), revised by Huber
et al. (2020). All planktic foraminiferal species illustrated in
scanning electron micrographs (SEMs), recovered from the
Cerro Azul section, are housed in the Paleontological Col-
lections Repository of the Universidad de Buenos Aires, Ar-
gentina, under the collection numbers LM-FCEM—-4000 to
LM-FCEM-4011.

2.2 Glycerol dialkyl glycerol tetraether (GDGT) analysis

Detection of isoGDGTs and brGDGTs (with GDGT denot-
ing glycerol dialkyl glycerol tetracther) was achieved us-
ing a Waters Alliance 2695 high-performance liquid chro-
matograph (HPLC) coupled to a Micromass ZQ single-
quadrupole mass spectrometer (MS). The HPLC was fit-
ted with two Waters BEH HILIC columns (2.1 x 150 mm,
1.7 ym) operated in tandem and with a guard column of
the same material. Both were maintained at 30 °C. The tar-
get analytes were eluted with a flow rate of 0.2 mL min~!
and by applying the gradient profile reported by Hopmans
et al. (2016). Mass spectrometry conditions followed Bauer-
sachs et al. (2024). The TEXI;6 index was calculated and con-
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verted into sea surface temperature (SST) according to Kim
et al. (2010). The branched and isoprenoid tetracther (BIT)
index was determined as defined by Hopmans et al. (2004),
using the combined peak areas of the 5- and 6-methyl
brGDGT isomers. The methyl index was calculated follow-
ing the methodology of Zhang et al. (2011). Details related
to sea surface temperature (SST) reconstructions, as well as
all of the datasets used in this study, are described in detail
in Bom et al. (2026). Sea surface temperatures (SSTs) were
calculated using the TEXI;6 calibration of Kim et al. (2010),
which is expressed as follows:

SST(°C) = 68.4 x log 10(TEXge) + 38.6, (D)
where

DGT -2 DGT — !
TEXg6 — GDG + GDG 3+ Cren @)

GDGT — 1 + GDGT — 2+ GDGT — 3 + Cren’’

and Cren’ represents the regioisomer of crenarchaeol. The
TEX};6 calibration is recommended for SSTs above 15°C
and has a global calibration error of approximately 2.5 °C.
The Branched and Isoprenoid Tetraether (BIT) index was
calculated following Hopmans et al. (2004):

Ta+ Ila + Illa

BIT = )
Ta + ITa + IIIa + Cren

3)

where la, Ila, and IIla correspond to the major branched
GDGTs, and Cren represents crenarchaeol. All GDGT data
used in this study were recently published in Bom et
al. (2026); however, the equations are provided here for
methodological transparency and reproducibility.

3 Results and discussion

3.1 Planktic foraminiferal analysis

Qualitative and quantitative analyses of upper Maastrichtian—
lower Danian planktic foraminifera of the Cerro Azul section
revealed well-preserved assemblages (Figs. 2 and 3), allow-
ing for the identification of eight species belonging to six
genera and six families (Figs. 2 and 3; see Tables S1 and S2
in the Supplement).

At the Cerro Azul section, we did not observe typ-
ical open-marine upper Maastrichtian taxa (e.g. Abath-
omphalus and Globotruncana). Instead, only opportunis-
tic long-ranging species, including Muricohedbergella mon-
mouthensis, Guembelitria cretacea, and Planoheterohelix
globulosa, occur within the upper Maastrichtian interval. The
late Maastrichtian biostratigraphic marker Plummerita han-
tkeninoides is also absent from the Cerro Azul section. This
species was recovered from low-latitude upper Maastrichtian
sequences in the South Atlantic Ocean, such as the Poty
quarry (Koutsoukos, 1996) and Campos Basin (Koutsoukos,
2014). In this context, the absence of typical Maastrichtian
planktic foraminiferal marker taxa may be explained by
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Figure 1. (A) Paleogeographic reconstruction of the K—Pg boundary interval (~ 66.0 Ma) (ODSN system: http://www.odsn.de/odsn/services/
paleomap/paleomap.html, last access: 30 May 2025). (B) Palaeolatitudinal evolution for sites discussed herein during the Cretaceous to
Cenozoic interval (~ 95 to 50 Ma), calculated according to Torsvik et al. (2012) and based on the kinematic model of van Hinsbergen et
al. (2015) (https://paleolatitude.org, last access: 15 May 2025). CB denotes Campos Basin; SI denotes Seymour Island.

adverse paleoenvironmental conditions in the shallow and
semi-restricted Neuquén Basin (e.g. Horton et al., 2016). The
stratigraphic completeness of the top of the Maastrichtian
sequence cannot be unequivocally confirmed using solely
planktic foraminiferal biostratigraphy.

Based on the high-latitude zonal scheme of Huber et
al. (2020), two biozones were identified in the lower Da-
nian strata: the APO zone and the AP1a subzone (Fig. 4). We
adopt herein the high-latitude zonation due to the absence
of low-latitude index species (e.g. Parvularugoglobigerina
eugubina; Berggren et al., 1995) and the high abundance
(and regular occurrences) of species endemic to high lati-
tudes (e.g. Antarcticella pauciloculata; Huber et al., 2020).

The APO zone (partial range of Turborotalita nikolasi; Hu-
ber et al., 2020) was identified between 16.55 and 17.00 m.
The base of this zone was characterised by the last occur-
rences of typical late Maastrichtian species (i.e. Planohetero-
helix globulosa and Muricohedbergella monmouthensis),
which became extinct at the K-Pg boundary. In the first sam-
ple of the Danian (16.60 m), the species Turborotalita niko-
lasi, a homonym of the AP0 biozone, was observed. The top
of the APO zone was placed at 17.00 m based on the first oc-
currence of the species Globoconusa daubjergensis.

The APla subzone (Eoglobigerina eobulloides partial-
range subzone; Huber et al., 2020) has its base defined by
the first occurrence of G. daubjergensis (17.00m) and ex-
tends upward to the top of the section (17.45m) due to the
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absence of typical subzone AP1b forms (i.e. Subbotina trilo-
culinoides; Huber and Quillévéré, 2005; Huber et al., 2020).

3.2 Paleoenvironmental changes inferred from planktic
foraminiferal assemblages

3.2.1  Upper Maastrichtian

Trochospiral and normal perforate species reported from
the upper Maastrichtian of the Cerro Azul section corre-
spond to Muricohedbergella monmouthensis. Upper Maas-
trichtian microperforate species are assigned exclusively
to the genuses Guembelitria (Guembelitria cretacea, G.
dammula, and G. blowi) and Planoheterohelix (P. globulosa).
In the upper Maastrichtian interval of the Cerro Azul sec-
tion, microperforate Guembelitria species present their high-
est mean total abundances, adding up to 98.1 % (Guembe-
litria cretacea = 66.4 %; G. blowi = 20.2 %; G. dammula
= 11.5%) at 16.5m (sample Ca8). The microperforate bis-
erial species Planoheterohelix globulosa has a mean total
abundance of 0.8 %. Normal perforate taxa show much lower
mean total abundance (2.08 %), with the species Muricohed-
bergella monmouthensis at 16.50 m (sample CAS).

3.2.2 Early Danian

In the lowermost Danian (first 15 cm), the highest abundance
of microperforate species (97.3 %) is observed, while nor-
mal perforate species correspond to only 2.7 % of the assem-
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Figure 2. Danian planktic foraminifera from the Cerro Azul section. (a—¢) Guembelitria cretacea (sample Ca9), (d—f) Guembelitria blowi
(sample CalO0), (g-i) Guembelitria dammula (sample CalO0), (j-k) Globoconusa daubjergensis (sample Cal3), (I-m) Woodringina clayto-
nensis (sample Cal6), (n—q) Turborotalita nikolasi (sample Cal0). Scale bar is 10 um.
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Figure 3. Danian—Maastrichtian planktic foraminifera from Cerro Azul section. (a—c) Antarcticella pauciloculata (sample Ca9), (d-
f) Antarcticella pauciloculata (sample Cal0), (g-i) Eoglobigerina eobulloides (sample Cal0), (j-1) Muricohedbergella monmouthensis
(sample Ca8), (m—0) Muricohedbergella monmouthensis (sample Ca8), (p—q) Planoheterohelix globulosa (sample Cal0). Scale bar is 10 um.
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Figure 4. Distribution pattern of planktic foraminifera at the Cerro Azul section across the upper Maastrichtian to lower Danian interval.
Intervals: light-grey shading denotes Maastrichtian—Danian boundary instability; yellow shading denotes increased SST and abundance of
warm-water dwellings (e.g. Woodringina claytonensis). * N-biozones are defined as reported in Guerra et al. (2021), and the position of
an Ni spike (star) follows Krahl et al. (2024). Obs.: PF-biozone denotes planktic foraminifera biozone. Relative abundances of planktic

foraminifera are expressed as percentages (% of the total assemblage).

blage. In this interval, microperforate species are represented
by Guembelitria cretacea (74.9 %), G. blowi (5.3 %) and
G. dammula (2.5 %), Turborotalita nikolasi (10.7 %), and
Antarcticella pauciloculata (4.0 %). The mean total abun-
dance of normal perforate specimens for the Danian interval
corresponds to 13.8 %, with a progressive increase upward,
starting 15 cm above the K—Pg boundary (Fig. 4), and corre-
sponding to the trochospiral and spinose species Eoglobige-
rina eobulloides. The most abundant species in the Danian
interval corresponds to Antarcticella pauciloculata (42.3 %).
The Antarcticella pauciloculata species has been reported
from Seymour Island, Antarctica (Huber, 1988; Liu et al.,
1998), Maud Rise (IODP Site 690C; Liu et al., 1998; Huber
et al., 2020); and the Mentelle Basin, southwest of Australia
(IODP Site U1514C; Huber et al., 2020). Therefore, its pale-
ogeographic distribution just after the K-Pg boundary in the
southern South Atlantic and southern Indian oceans helps to
define the extent of the Austral Biogeographic Province (Hu-
ber et al., 2020).

The Neuquén Basin record marks the first time that A. pau-
ciloculata has been reported outside of the Austral Biogeo-
graphic Province, which includes the circum-Antarctic re-
gion and New Zealand (Malumian and Nafiez, 2011; Bal-
lent et al., 2011), expanding the northernmost boundary of
its paleobiogeographic range to mid-latitudes (~ 45° S) in the
South Atlantic Ocean. It is particularly abundant in the first
metre of the Danian mudstones in the Bajada del Jagiiel sec-
tion (Ballent, 1999). However, at that location, it is unclear

https://doi.org/10.5194/jm-45-297-2026

how far its range extends into the lowermost Danian because
the low-latitude P« biozone marker species, Parvularugoglo-
bigerina eugubina, is absent from the Neuquén Basin. At that
section, A. pauciloculata was abundantly recovered ~5cm
above the K-Pg boundary, within the lower part of biozone
APO (Fig. 4). At the Cerro Azul section, A. pauciloculata
occurs just after the K-Pg boundary, together with Turboro-
talita nikolasi (equivalent to an ancestor of the Cenozoic
Praemurica lineage; Koutsoukos, 2014). It is important to
note that higher-resolution sampling (e.g. at the K-Pg bound-
ary and the FO (first occurrence) of T. nikolasi) is essential
for establishing the accuracy of the FO of A. pauciloculata.
The species Woodringina claytonensis species occurs
45 cm above the K-Pg boundary and gradually increases in
abundance towards the top of the studied interval (Fig. 4).
According to D’Hondt and Zachos (1993), W. claytonensis
exhibits stable oxygen and carbon isotope signatures that in-
dicate a preference for warm, near-surface waters. Addition-
ally, W. claytonensis is more abundant in low-latitude open-
ocean assemblages (Liu and Olsson, 1992) but is rare at the
high latitudes (Liu and Olsson, 1992). Our record of W. clay-
tonensis in the Neuquén Basin suggests increased SSTs in
zone APla (FO G. daubjergensis). Increased TEX&-derived
SSTs coeval with high abundances of W. claytonensis at the
Cerro Azul section support our interpretation (see Sect. 3.3).
Specimens of the genera Woodringina and Parvularu-
goglobigerina, which have well-documented evolutionary
successions within the early Danian PO and P biozones in

J. Micropalaeontology, 45, 297-308, 2026
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tropical and subtropical, as well as mid-latitude, localities,
are absent from southern high-latitude sedimentary succes-
sions (Huber et al., 2020). In the Neuquén Basin, the zonal
marker species for the Pa zone, Parvularugoglobigerina eu-
gubina (sensu Berggren et al., 1995), is absent, as is the
Parvularugoglobigerina genus in general. To facilitate cor-
relation among southern high-latitude deep-sea sites, Huber
and Quillévéré (2005) established an Antarctic Paleocene
(AP) zonal scheme, using distinctive species (such as Tur-
borotalita nikolasi and Globoconusa daubjergensis) that can
be reliably correlated among distant circum-Antarctic locali-
ties, defining the lower Danian zones APO and AP1a.

3.3 Link between sea surface temperature evolution
during the early Danian and planktic foraminiferal
distributions

Much of our understanding of Danian SSTs comes from cal-
careous microfossils (planktic foraminifera) recovered from
marine sediments (e.g. Quillévéré et al., 2008) and, more
recently, from the application of organic temperature prox-
ies, such as the TEXggs (Woelders et al., 2017). The TEXgg
(and its derivatives), based on the distribution of isoprenoid
glycerol dialkyl glycerol tetraethers (isoGDGTs) in marine
sediments, shows a strong positive correlation with SST
(Schouten et al., 2002) and has been frequently applied
frequently to study climate and paleoceanographic changes
across the K-Pg boundary (e.g. Vellekoop et al., 2014;
Woelders et al., 2017).

We reconstructed SSTs using the TEX};6 proxy and the
calibration function reported by Kim et al. (2010). This ap-
proach was employed, as the TEXIS'I6 is commonly used to re-
construct SSTs in the Cretaceous (e.g. Woelders et al., 2017),
allowing a direct comparison with previously published data
(see Table S3). At the Cerro Azul section, SSTs for the
first 45 cm of the Danian varied from 28.6 to 29.3° C within
the APO biozone (Fig. 5). With the start of biozone APla
(~ 45 cm above the K-Pg boundary), we observe a ~ 1.5 °C
increase in SST. At the transition between biozones AP0 and
AP1la, SSTs ranged from 29.8 to 30.7 °C (with an average of
around 30.3° C) and decreased slightly towards the top of the
studied interval (Fig. 5).

Several proxies have been suggested for testing the reli-
ability of TEXgg and its derivatives in paleoenvironmental
studies. At the Cerro Azul section, BIT values are generally
below 0.2, indicating marine conditions with reduced lev-
els of terrestrial organic matter. Low GDGT-0 / cren ratios
(< 0.2) suggest only a negligible contribution of isoGDGTs
from methanogens (Zell et al., 2014), while low GDGT-
2 / GDGT-3 ratios, varying from 1.03 to 2.81 (with an av-
erage of 1.52 +0.62), are indicative of a predominant sur-
face water production of GDGTs (Herndndez-Sanchez et al.,
2014). In addition, methane index values between 0.13 to
0.33 (average 0.24 +0.06) at the Cerro Azul section sug-
gest no significant impact of GDGTs derived from methan-
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otrophic archaea on the calculation of the TEX?6 (Zhang
et al., 2011). Together, these observations suggest that the
TEX?6 is not significantly affected by environmental and bi-
ological factors other than temperature and yields robust SST
reconstructions for the Cerro Azul section.

Increased SSTs during the earliest Danian have been re-
ported within different low-latitude biozones: biozone Pla
on the Blake Nose Plateau, with an SST rise of ~4.0 °C dur-
ing the Dan-C2 event depicted by planktic foraminiferal oxy-
gen isotope values (Ocean Drilling Program Site 1049; Quil-
1évéré et al., 2008) and in the Tethys (Contessa Highway;
Coccioni et al., 2010); in biozone P1b on the Rio Grande
Rise (Deep Sea Drilling Program Site 516; Krahl et al., 2020)
and the Walvis Ridge (ODP Site 1262; Krahl et al., 2023);
and in parts of biozones Pla and P1b at the Caravaca sec-
tion (Gilabert et al., 2021a). Increased SSTs recorded at the
Cerro Azul section occur within biozone APla. According
to Huber and Quillévéré (2005), the FO of G. daubjergen-
sis is placed in the upper part of Chron C29r at ODP Holes
690C (Falkland) and 738C (Kergelen Plateau). In this con-
text, the increase in SST observed at the Cerro Azul section
may likely represent the Dan-C2 event, as described by Quil-
1évéré et al. (2008).

Increased SSTs at the Cerro Azul section correlate with
a moderate increase in the abundance of W. claytonensis
45 cm above the K-Pg boundary (Fig. 4). This increase in
the abundance of W. claytonensis appears to agree with the
slight decreases in abundances of Antarcticella paucilocu-
lata. This foraminiferal species was more abundant in low-
latitude open-ocean assemblages than in high-latitude open-
marine environments (D’Hondt and Keller, 1991; Liu and
Olsson, 1992). Specifically, no Woodringina species has been
reported in high-latitude sections yet (Huber, 1996, 1988;
Huber et al., 2020). For mid-latitudes in the South Atlantic
Ocean, the presence of the Woodringina genus (W. clayto-
nensis and W. hornerstownensis) was observed for the early
Danian of the Sdo Paulo Plateau (DSDP Site 356; Krahl et al.,
2017), the Campos Basin (Brazil; Koutsoukos, 2014), and the
Walvis Ridge (ODP Site 1262; Krahl et al., 2023). The pale-
ogeographical position of the Neuquén Basin (~45°S: van
Hinsbergen et al., 2015) was intermediate between these oc-
currences and high-latitude faunas (Fig. 1). In this context,
we suggest that the presence of W. claytonensis at the Cerro
Azul section may have been related to latitudinal migration
due to increased SSTs.

4 Conclusions

The shallow marine sequence at the Cerro Azul section
(Neuquén Basin, Argentina) reveals a sedimentary succes-
sion with well-preserved planktic foraminifera spanning the
upper Maastrichtian to the lower Danian interval. We recog-
nise two early Danian planktonic foraminiferal biozones at
the Cerro Azul: APO (partial range of Turborotalita niko-
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dammula, and G. blowi). Nannofossil (N-) biozones follow Guerra et al. (2021), and planktic foraminiferal (PF-) biozones were defined in

this work. * FO denotes first occurrence.

lasi) and AP1a (Eoglobigerina eobulloides partial-range sub-
zone), which are characteristic of high-latitude assemblages.
Maastrichtian biostratigraphic markers are absent from the
Cerro Azul section, likely due to adverse paleoenvironmental
conditions in the shallow and semi-restricted Neuquén Basin.

Abundant opportunistic taxa that thrived under paleoenvi-
ronmental instability were observed across the K-Pg bound-
ary (e.g. Guembelitria genus). Approximately 45 cm above
the K-Pg boundary, the Cerro Azul section records a rapid
SST 265 increase of 1.5°C, associated with moderately in-
creased abundances of W. claytonensis, which may repre-
sent immigration from lower and warmer latitudes. Planktic
foraminiferal assemblages in the beginning of the Danian at
the Cerro Azul section presented a mid-to-high-latitude affin-
ity based on the occurrence of Antarcticella pauciloculata,
whose paleobiogeographic range in the South Atlantic Ocean
is extended herein to mid-latitudes.

Data availability. All datasets discussed in the present work are
available in Tables S1, S2, and S3 in the Supplement.

— Table S1. Foraminifera taxa recorded in Cerro Azul section
(count specimens).
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— Tuable S2. Foraminifera taxa recorded in Cerro Azul section
(specimens in percentages; %).

— Table S3. Organic geochemistry data for the Cerro Azul:
GDGT-O/cren, GDG-2/GDGT-3, BIT index, MI, and TEXH,
SSTs (°C). The database used for the temperature calculations,
as well as detailed procedures and methodological considera-
tions, are described in Bom et al. (2026).

Sample availability. The studied samples are stored at the Tech-
nological Institute for Paleoceanography and Climate Change (itt
OCEANEON), UNISINOS University, Brazil. Specimens figured
herein are housed in the repository of Paleontological Collection
of the University of Buenos Aires, Argentina (curatorial numbers
(LM-FCEN) are given after each specimen in Figs. 2 and 3).

Supplement. The supplement related to this article is available
online at https://doi.org/10.5194/jm-45-297-2026-supplement.
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