O 00 N O U»n

10
11
12
13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Schizosphaerella size and abundance variations across the Toarcian Oceanic Anoxic Event in

the Sogno Core (Lombardy Basin, Southern Alps)

Giulia Faucher*!, Stefano Visentin !, Gabriele Gambacorta ! and Elisabetta Erba !
'Department of Earth Sciences, Universita degli Studi di Milano, 20133 Milan, Italy

Email:

giulia.faucher@unimi.it
stefano.visentin@unimi.it
gabriele.gambacorta@guest.unimi.it
elisabetta.erba@unimi.it

Contact authors:

giulia.faucher@unimi.it

Abstract

Abundance and size variations of nannofossil Schizosphaerella punctulata were quantified in
the uppermost Pliensbachian—Lower Toarcian succession recovered with the Sogno Core (Lombardy
Basin, Northern Italy). High-resolution nannofossil biostratigraphy and C-isotopic chemostratigraphy
identified the Jenkyns Event within the Toarcian oceanic anoxic event (T-OAE) interval. Absolute
abundances and morphometric changes of “small S. punctulata” (< 7 um), S. punctulata (7-10 pm;
10-14 pm; > 14 pum) and “encrusted S. punctulata” (specimens with a fringing crust) show large
fluctuations across the negative 8'3C Jenkyns Event. The Schizosphaerella crisis is further
characterized by a decrease in average valve size in the early—middle Jenkyns Event. The abundance
fall was caused by the failure of S. punctulata specimens > 7 pm and “encrusted S. punctulata™ that
along with the increased relative abundance of small specimens, produced the reduction of average
dimensions also documented in the Lusitanian and Paris Basins, although with a diachronous
inception. The average valve size from the Lombardy Basin is ~2 pm smaller. Hyperthermal
conditions associated with excess CO2 and ocean acidification possibly forced the drastic reduction

of S. punctulata abundance/size. In the pelagic succession of the Sogno Core there is a strong positive
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correlation between the S. punctulata (> 7 pm) absolute abundance/size and the CaCO3 content, with
a negligible contribution by “small S. punctulata”. Encrusted specimens testify selective neomorphic

processes: the diagenetic crust seems diagnostic to separate S. punctulata from S. astraea.

Keywords: T-OAE; nannofossils; Jurassic; morphometry; calcareous nannoplankton

1. Introduction

The Toarcian oceanic anoxic event (T-OAE), dated as early Toarcian (c. 183 Ma; Early Jurassic), is
considered one of the most extreme paleoenvironmental perturbations in Earth’s history. It was
characterized by global warming, accelerated weathering, sea level rise, oceanic anoxia and extensive
accumulation of organic matter from coastal to pelagic settings (Jenkyns, 1985, 1988, 2010). The
pelagic sedimentary successions archiving the T-OAE are key for the quantification and
comprehension of the response of marine planktonic communities to the global perturbations that
affected the ocean/atmosphere system. Since Triassic times (Bown, 1998; Bown et al., 2004; Erba,
2006; Gardin et al, 2012; Demangel et al., 2020) coccolithophores have been part of the primary
producers responsible for energy transfer to higher trophic levels as well as export of organic matter
and CaCOs from the photic zone to the deep ocean. Calcareous nannofossils include the fossil remains
of coccolithophores, namely coccospheres and coccoliths as well as associated nannoliths often of
unknown biological affinity such as Schizosphaerella. In Jurassic times, calcareous nannoplankton
were already a most efficient rock-forming group (Erba, 2004, 2006) as testified by pelagic micrites
essentially consisting of coccoliths and nannoliths, in addition to variable amounts of diagenetic
calcite (Kdlin, 1980; Kélin and Bernoulli, 1984). In particular, Schizosphaerella, a nannolith
composed of two valves (Deflandre and Dangeard, 1938), can reach such high abundances (e.g. Kilin
and Bernoulli, 1984; Claps et al., 1995; Mattioli, 1997; Erba, 2004; Casellato and Erba, 2015; Peti
and Tibault, 2017) as to produce a “schizosphaerellite” (Erba et al. 2019a). In this work, we focus on

Schizosphaerella across the T-OAE interval recovered in the Sogno Core that consists of pelagic,
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well-dated (Visentin and Erba, 2021; Erba et al., 2022) limestones, marlstones and black shales from

the Lombardy Basin (Figure 1).

More than a century ago, Dal Piaz (1907) in a pioneering and embryonic study for the
paleoceanography of the Mesozoic, documented Toarcian organic-rich facies in Jurassic pelagic
successions of the Southern Alps (Alpi Feltrine, Northern Italy) analogous to black shales in Germany
and Switzerland (Posidonienschiefer), England (Jet Rock and Bituminous Shales) and France
(Schistes Cartons). A few decades later, Gaetani and Poliani (1978) described a Lower Toarcian black

shale interval named “Livello a Pesci” (Fish Level) in the pelagic succession of the Lombardy Basin

(Figure 1).

Fig 1: about here, one and a half page
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Figure 1. (a, b) Present-day location of the Sogno Core (modified after Erba et al., 2019b, 2022) (c)
Paleogeographical map of western Tethys in the Toarcian (modified after Ruebsam et al., 2018) and paleo-location
of the Sancerre—Couy borehole (Hermoso et al., 2009), Peniche (Hesselbo et al., 2007) and Sogno (this study).

The T-OAE was defined by Jenkyns (1985, 1988) on the basis of these coeval lithostratigraphic
markers and soon later chemostratigraphic C- and—O-stable isotopic investigations revealed a
ubiquitous association of Lower Toarcian black shales with a major perturbation of the global carbon
cycle, recorded by a positive anomaly of carbon-isotope curves obtained from sedimentary carbonate

and/or organic matter (Jenkyns and Clayton, 1997; Jenkyns, 2003, 2010). The development of high-
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resolution chemostratigraphy additionally identified a distinctive negative shift interrupting the broad
T-OAE positive C isotopic excursions in terrestrial (lacustrine), shallow- and deep-marine archives
(Jenkyns and Clayton, 1986; Hesselbo et al., 2000, 2007; Schouten et al., 2000; Rohl et al., 2001;
Jenkyns et al., 2001, 2002; McElwain et al., 2002; Kemp et al., 2005; Emmanuel et al., 2006; van
Breugel et al., 2006; Suan et al., 2008; Sabatino et al., 2009; Suan et al., 2010; Al-Suwaidi et al.,
2010; Caruthers et al., 2011; Grocke et al., 2011; Hesselbo and Pienkowski, 2011; Kafousia et al.,
2011, 2014; Izumi et al., 2012; Trabucho-Alexandre et al., 2012; Reolid, et al., 2014; Xu et al., 2017;
Them et al., 2017; Fantasia et al., 2018; Ikeda et al., 2018; Filatova et al., 2020; Reolid et al., 2020;
Ruebsam and Al-Husseini, 2020; Remirez and Algeo, 2020; Hougéard et al., 2021).

Hougérd et al. (2021) critically discussed the definition of the T-OAE that has been determined based
on a variety of lithostratigraphic, geochemical and paleontological data, producing artefacts and/or
misunderstandings in correlations and modelling at supra-regional scale. More recent studies renamed
the T-OAE as the Jenkyns Event in which they distinguished the negative carbon isotope excursion
(CIE, thetr-interval-2; Miiller et al., 2017; Reolid et al., 2020). And recommended using the term
Jenkyns Event for the global early Toarcian changes including anoxia, enhanced organic-matter
burial, biotic crises in marine and terrestrial ecosystems, climate warming and sea-level rise. Yet,
they did not provide a definition of the beginning and end of the Jenkyns Event, thus impeding its
unequivocal identification for correlations at regional, supra-regional and global scale. Here, for our
investigation, we applied the definition by Erba et al. (2022) that proposed naming as Jenkyns Event
only the 8'3C negative anomaly within the T-OAE. Indeed, relatively detailed chemostratigraphic
records through the T-OAE interval document that the Jenkyns Event comprises a lower part marked
by a sharp decrease of the 8'3C curve followed by minimum values (isotopic segment Jenkyns 1 =
J1), and an upper part corresponding to gradual recovery to pre-anomaly 8'°C values (isotopic
segment Jenkyns 2 = J2) (Figure 2a). In the Sogno Core, the high resolution §'*C chemostratigraphy
allowed the recognition of the T-OAE positive excursion interrupted by the Jenkyns event negative

shift (Figure 2).
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The specific objective of this investigation is the quantification of changes in size and abundance of
the micrite-forming schizosphaerellids to derive their biocalcification tempo and mode in response to
the Jenkyns Event (J1 and J2) perturbation and also relative to the Fish Level black shale interval in
the Sogno Core. The pelagic nature of the Sogno section (Gaetani and Poliani, 1978; Jenkyns and
Clayton, 1986; Gaetani and Erba, 1990; Casellato and Erba, 2015; Erba et al., 2019b; Erba et al.,
2022), deposited at ~ 1500 m water depth (Erba et al., 2022), is crucial for excluding the influence of
shallow-water derived micrite and, thus, assessing the implications of Schizosphaerella
biocalcification changes — in terms of abundance and size — for the pelagic carbonate sedimentation.

Fig 2: about here, full page width
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Figure 2. (a) Schematic 8'*C reference curve for the latest Pliensbachian-Toarcian time interval (modified after
Ruebsam and Al-Husseini (2020), with minor modifications by Hougérd et al. (2021)). The stratigraphic extent of
the T-OAE (Jenkyns, 2010) is indicated with a light red rectangle, while the Jenkyns Event is indicated by a yellow
band. Extent of the lower J1 and the upper J2 segments of the Jenkyns Event (Erba et al., 2022) are also illustrated.
Coloured dashed lines in the reference plot represent the different trends documented in the lower part of the Jenkyns
Event (J1). (b) Lithostratigraphy, isotopic records (8"*Cearb, 8'*Corg) and CaCOs curve from Erba et al. (2019b, 2022).
Nannofossil biostratigraphy from Visentin and Erba (2021).

Previous studies documented a temporary reduction in size for Schizosphaerella in the Upper

Pliensbachian—Lower Toarcian interval (Mattioli and Pittet, 2002; Suan et al., 2008, 2010; Mattioli
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et al., 2009; Reolid et al., 2014; Clémence et al., 2015; Peti and Thibaud, 2017; Erba et al., 2019a;
Miiller et al., 2020; Menini et al., 2021; Peti et al., 2021; see Supplementary Table S1). Moreover, a
significant decline in schizosphaerellid abundance outlines the “Schizosphaerella crisis” starting just
prior to the T-OAE black shale interval and representing the temporary breakdown of this rock-
forming taxon (Claps et al., 1995; Erba, 2004; Tremolada et al., 2005; Casellato and Erba, 2015).
Similar and coeval decreases in abundance of Schizosphaerella punctulata — and in general in
nannofossil total abundances — are reported from various sections from western Tethys and the Boreal
realm (Bucefalo Paliani et al., 2002; Mattioli et al., 2008; Mattioli et al., 2009; Fraguas et al., 2012,
2021; Hermoso et al., 2012; Clémence et al., 2015; Erba et al., 2015; Menini et al., 2021; Visentin et
al., 2021) suggesting a major change in Schizosphaerella biocalcification at supra-regional scale. The
comparison with similar datasets from various successions will be used to evaluate and separate local
from regional/global adaptations and responses.
2. Materials and Methods
2.1 The Sogno core

The quantitative and morphometric analyses of S. punctulata were conducted on the Sogno
Core drilled next to the outcrop on the northern slope of Monte Brughetto (Figure 1). Here a
continuous pelagic sequence of Sinemurian to Kimmeridgian age was lithostratigraphically
characterized and dated using bio-chemo-magneto-cyclostratigraphy (Gaetani and Poliani, 1978;
Jenkyns and Clayton, 1986; Gaetani and Erba, 1990; Hinnov et al., 2000; Muttoni et al., 2005;
Channell et al., 2010; Casellato and Erba, 2015). The outcropping strata were initially named Monte
Brughetto section (Gaetani and Poliani, 1978; Jenkyns and Clayton, 1986) and later Colle di Sogno
section (Gactani and Erba, 1990; Hinnov et al., 2000; Muttoni et al., 2005; Channell et al., 2010;
Casellato and Erba, 2015). This succession is pelagic, stratigraphically continuous and relatively
expanded; it consists of limestone and marlstone, with chert and marly claystone as minor lithologies.
At Colle di Sogno, in particular, the type-section of the Sogno Formation (Fm.) (Toarcian—earliest

Bajocian) was formalized by Gaetani and Poliani (1978). Within the lower part of the Sogno Fm., the
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~5 meter-thick interval of dark grey-to-black marly claystones is named Fish Level (Gaetani and
Poliani, 1978; Gaetani and Erba, 1990; Casellato and Erba, 2015; Erba et al., 2022). In recent times,
above the Upper Pliensbachian Domaro Limestone Fm., the Lower Toarcian portion of the Sogno
Fm. results to be degraded by weathering and vegetation cover, especially as far as the Fish Level
black shales are concerned. Therefore, a coring campaign was designed to obtain a continuous and
well-preserved section across the Lower Toarcian and specifically the T-OAE stratigraphic record.
The Sogno Core (45°47°20.5"" N, 9°28°30.0"" E) recovered 26.83 meters of continuous unweathered
material (Erba et al., 2019b) that was characterized for lithostratigraphy (Erba et al., 2019b, 2022),
calcareous nannofossil biostratigraphy (Visentin and Erba, 2021) and chemostratigraphy (Erba et al.,
2022). Detailed sedimentological analysis allowed the identification of 15 lithostratigraphic units and
a comprehensive characterization of the Fish Level (Erba et al., 2019b; 2022) (Figure 2b). Calcareous
nannofossil semiquantitative analyses allowed to accomplish a high-resolution biostratigraphy of the
latest Pliensbachian—early Toarcian time interval with the identification of the NJT 5 and NJT 6 Zones
of the standard Tethyan nannofossil zonation (Mattioli and Erba, 1999), implemented due to the split
of the NJT 6a and NJT 6b Subzones and the identification of the “Schizosphaerella crisis” and
“Schizospherella recovery” (Visentin and Erba, 2021). The 8'3C — both on bulk carbonate and organic
matter — chemostratigraphy of the Sogno Core provided a high-resolution record of the uppermost
Pliensbachian—Lower Toarcian interval from the Lombardy Basin. Specifically, the
Pliensbachian/Toarcian boundary is characterized by a minor negative anomaly followed by a broad
positive excursion interrupted by the negative shift of the Jenkyns Event (Erba et al., 2022; Figure

2b).

2.2 Taxonomic notes for Schizosphaerella punctulata

The species S. punctulata was defined by Deflandre and Dangeard (1938) as a nannolith
composed by two interlocked valves with a diameter of 12-30 um. Later studies documented also
definitively smaller specimens with valve width of 8—12 um (Bown, 1987; Cobianchi, 1992) and 7—

13.5 um (Mattioli and Pittet, 2002). Casellato and Erba (2015) observed specimens even smaller than

7
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7 um that separated as “small S. punctulata”. Kilin (1980) described specimens of S. punctulata
peculiarly bearing fringes of radial crystals in samples from the Southern Alps, Tuscany and Umbrian
sequences. Similar features were later reported from Jurassic deep-water calcareous sediments from
the Mazagan Plateau off Morocco at Deep Sea Drilling Project (DSDP) Hole 547B and demonstrated
to be of early diagenetic origin producing neomorphic calcite, seemingly related to low Mg/Ca ratios
of oceanic and consequently interstitial waters (Kilin and Bernoulli, 1984). Within genus
Schizosphaerella, the species S. astraea was established by Moshkovitz (1979) as a nannolith with
two hemispherical valves attached one to the other by a simple overlapping. The outer and inner
valves have a diameter of respectively 16 and 14 um. Moshkovitz (1979) specified that S. astraea
differs from S. punctulata for the wall ultrastructure consisting of elongated crystals of 0.3-0.5 um
that are radiating from a central knob and forming a star-like pattern. The ultrastructure patterns of S.
punctulata and S. astraea were further characterized in detail by Kilin and Bernoulli (1984) who
demonstrated that diagenesis produces different modifications based on the original wall
ultrastructure.

Schizosphaerella punctulata specimens with a fringing crust were observed in the uppermost
Pliensbachian—Lower Toarcian interval at Colle di Sogno by Casellato and Erba (2015) who, thus,

separated an “encrusted S. punctulata” morphogroup (Figure 3).
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Fig 3: about here, full page width

Figure 3. Schizosphaerella specimens from the Sogno Core photographed with the light polarizing microscope:
micrographs a-l belong to settling slides whereas m-n to ultrathin sections. a-d: “encrusted S. punctulata”, cross-
polarized light; (a) sample S3 C12 330 (17.16 m), (b) sample S3 C18 385 (20.98 m), (c) sample S3 C19 397 (21.70
m), (d) sample S3 C28 450 (25.17 m); e-h: S. punctulata, cross-polarized light; (¢) sample S3 C10 322h (15.86 m),
(f) sample S3 C7 320a (14.68 m), (g) sample S3 C18 385 (20.98 m), (h) sample S3 C4 309a (12.87 m); i-l: “small
S. punctulata”, cross polarized light; (i) sample S3 C3 306 (12.51 m), (j) sample S3 C11 323 (16.78 m), (k) sample
S3 C15 361 (18.92 m), (1) sample S1 C31 184 (11.57 m); m: “encrusted S. punctulata” and S. punctulata specimens
from the lowermost Sogno Fm. unit 11, cross polarized light; sample S3 C19 397 (21.7 m); n: “encrusted S.
punctulata” specimens from the lowermost Sogno Fm. unit 12, quartz lamina, sample S3 C23 434 (23.98 m).

2.3 Quantification of Schizosphaerella punctulata sizes and absolute abundances
A total of 46 samples from the Sogno Core were investigated for morphometric analyses of S.
punctulata. For each sample smear slides were prepared using the random settling technique (Geisen
et al.,, 1999). Morphometric analyses were conducted on 50 specimens of S. punctulata and 30
additional specimens of “encrusted S. punctulata”, when present. All specimens were digitally

photographed in random fields of view using a Q-imaging Micro publisher 5.0 RTV camera mounted
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on a Leitz Laborlux optical polarizing light microscope at 1250X magnification and a PC with Q-
capture Pro suite software adapted for nannofossil analyses. Measurements were taken using ImagelJ
software, with an error of measurements of + 0.08 um. Given the structure of S. punctulata, the valve
width, sensu Clémence et al. (2015), was measured (Figure 4). For specimens of “encrusted S.
punctulata”, in addition to the valve width, the thickness of the crust was measured.

After the construction of the dataset (measurements of 2690 S. punctulata specimens as detailed
in Supplementary Table S2 and in the research data files), the size and abundance trends were
considered subdividing S. punctulata into classes following two different approaches:

1) sensu Peti et al. (2021) who determined three S. punctulata size groups: S (small <10 pm); M
(medium > 9 um and < 14 um) and L (large > 14 um). However, since the values indicated by Peti
et al. (2021) for the S and M classes partly overlap, we allocated to the M group the specimens with
a 10-14 pum size;

2) sensu Casellato and Erba (2015) who separated “small S. punctulata” (<7 um), S. punctulata (>
7 um) and “encrusted S. punctulata”.

Fig 4: about here, half page

Top view Top view
“encrusted
Schizosphaerella”

Schizosphaerella spp.  Schizosphaerella spp.

a b

valve width = 2R

Figure 4. Schematic structure of Schizosphaerella and measurement simulations; a) two joint valves that form the
entire individuals of Schizosphaerella spp. b) Schizosphaerella spp. top view; c) top view of “encrusted
Schizosphaerella punctulata”™.

Following Casellato and Erba (2015) absolute abundances were gained counting all S.
punctulata specimens in 1 mm? of ultrathin sections (7 pm-thick), separating specimens of S.
punctulata (> 7 pum), “small S. punctulata” (<7 pm) and “encrusted S. punctulata”. These absolute

10
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abundance analyses were performed on a selected number of sample (23 samples) encompassing the
interval before, during and after the Fish Level. The ultrathin sections sampled variously oriented
specimens of Schizosphaerella and cut individual valve potentially at different heights, thus the
values obtained could be (partially) undermined. However, the full congruity of the results gathered
with the ultrathin sections and those obtained with smear slides (Casellato and Erba, 2015; this study)
indicates that the ultrathin section measurements reflect real trends.

The volume of Schizosphaerella was also inferred from the measured width valve values

(Figure 4). The volume was calculated as (1):

4 2 \?
Volume of one valve = ((§1r(R3 - (§R) )0.7)/2 (1)

where R is half of the valve width. The valves of Schizosphaerella consist of calcite crystals with
a considerable but variable primary porosity. For our calculations, we considered 30% porosity

following Mattioli and Pittet (2002).

The volumes were used to estimate the grams of CaCOs produced by a single specimen of

Schizosphaerella (2):

CaCOs schizo = Volume Schizosphaerella * absolute abundances * density of calcite (2)

Statistical parameters like mean, median, standard deviation and 90% confidence level were
calculated using the Matlab and PAST softwares and reported in Table 1. The complete set of

measurements is available in the Supplementary files and in the research data files.

3. Results
3.1 Evolution of Schizosphaerella spp. size
In the investigated interval, the average valve size of S. punctulata is 8.49 nm, with variations
from a minimum of 3.53 um to a maximum value of 21.15 pm (Figure 5, Table 1). In the lower part

of the Sogno Core (uppermost Pliensbachian—lowermost Toarcian, from 26.83 m to 21.70 m),

11
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Schizosphaerella average sizes fluctuate between 8.70 and 9.97 um with no appreciable changes
passing from the Domaro Limestone Fm. to the Sogno Fm. A sharp decrease in size down to an
average of 7.51 pum is observed across the Fish Level whose base correlates with the onset of the
Jenkyns Event (Figure 5 and Table 1). An increase in Schizosphaerella valve size occurs just above
the Fish Level starting in the lowermost part of the J2 segment of the Jenkyns Event where the average
values are ~8.31 um. A maximum average value of 9.81 um was observed just above the top of the
Jenkyns Event (at 6.76 m) followed by a Schizosphaerella size return to average values of 8.09 um
in the uppermost part of the Sogno Core.

Fig.5: about here, one and a half page
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Figure 5. Uppermost Pliensbachian to Lower Toarcian Schizosphaerella punctulata size variations from the Sogno
Core. The mean valve width variation of the overall S. punctulata population, the confidence interval (90%) and the
sd. error are given. The grey band highlights the Fish Level. Extent of the T-OAE, the lower J1 and the upper J2
segments of the Jenkyns Event are also illustrated. Lithostratigraphy, isotopic records (8'*Cearb, 8'*Corg, $'%0) and
CaCOs from Erba et al. (2019b, 2022).
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Broadly speaking, the first reduction in valve size from ~9 um (in the pre-Fish Level interval)
to ~7.5 um (in the Fish Level) parallels the decrease in CaCOj content from ~ > 72% to < 26% and,
similarly, the increase in Schizosphaerella size recorded in the J2 part of the Jenkyns Event correlates
with a progressive increase in CaCOs content (Figure 5). Figure 6 illustrates the Pearson correlation
coefficient of S. punctulata valve average width and the CaCO; %: a positive relationship is

documented by a coefficient r = 0.71.

W Average| st.dev Min. Max. |V Average| st.dev Min. Max.

]2 8.31 0.88 3.81 17.37 179.45 52.76 10.66 762.34

J1 7.69 0.59 3.53 16.29 138.48 29.27 10.94 | 589.54

post Fish Level 8.77 0.51 4.02 18.28 211.11 43.81 16.18 925.35

Fish Level

pre Fish Level 9.16 0.53 3.66 21.15 230.66 39.43 12.19 1080.48

Valve width (um)

Table 1. Average sizes of S. punctulata (all measurements) in the analyzed intervals. W average = average valve
width, in um; st.dev = standard deviation. Min. = minimum value; Max. = maximum value; V average = average
volume in pm?
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Figure 6. Scatter plot of the variations of CaCOs (%) versus the average valve width (um). N =46. The p value is
< 0.05 for the correlation.

Following Peti et al. (2021) we separated S. punctulata into three groups characterized by specific
valve sizes (S, M and L) that evidence different trends through the analyzed interval (Figure 7).

The S group shows a reduction in average size in the Fish Level (from 7.96 um before the Fish
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Level to 6.92 um in the Fish Level; supplementary Table S3) and a subsequent size increase
(average of 7.56 um) without, however, reaching the values of the pre-Fish Level interval.
Specimens of the M group don’t show any size trend with the exception of a transient increase
in the valve size above the Fish Level where the valves reach 13.97 pm at 11.38 meter (sample
S1C30 #180). The L group is extremely rare and sparse. In particular, specimens > 14 uym are
absent in a few samples within the Fish Level. The L group does not show size trends through
the analyzed interval.

We quantified the variations in relative abundance (percentage) of the three size-groups (Figure
7): in the Fish Level there is a slight increase in the percentage of specimens < 10 pm passing
from 67 to 88%. This variety is the most represented in the whole assemblage and, thus, seems

to control the trends obtained for the average valve sizes.
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Figure 7. (a) Uppermost Pliensbachian to Lower Toarcian S. punctulata size variations using the varieties of Peti et
al. (2021) of S. punctulata: S (<10 pm), M (10 — 14 pum), and L (> 14 um). The values of the L group are represented
as dots since in some samples only one specimen is bigger than 14 um and, therefore, the std. deviation and
confidence interval cannot be calculated. (b) Percentage (%) of S (<10 um), M (10-14 pm), and L (> 14 pm).
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We also subdivided our data following the categories of Casellato and Erba (2015), separating
“small S. punctulata” (valve size < 7 pum), S. punctulata (valve size > 7 um) and “encrusted S.
punctulata” (all specimens characterized by a crust surrounding the valve). For the latter, the size
refers only to the valve width independently from the crust thickness. The size variations of the three

morphogroups are represented separately in Figure 8 and Table 2.
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Figure 8. (a) Uppermost Pliensbachian to Lower Toarcian S.punctulata size variations using the groups of Casellato and
Erba (2015): “small S. punctulata” (<7 um), S. punctulata (> 7 pm), and “encrusted S. punctulata’’; (b) Percentage (%)
of “small S. punctulata” (<7 pm) versus S. punctulata ( > 7 pm) + “encrusted S. punctulata.

"small S. punctulata” | S. punctulata >7um |"encrusted S. punctulata”

W Average| st.dev |W Average| st.dev. | W Average | sd.dev
J2 5.93 0.32 9.33 0.74
J1 5.79 0.28 9.16 0.31
post Fish Level 6.04 0.21 9.73 0.55

Fish Level

pre Fish Level 6.06 0.31 9.57 0.39 10.10 0.42

Table 2. Average valve sizes of S.punctulata split by morphogroups of Casellato and Erba, (2015): “small S.
punctulata” (<7 um), S. punctulata (> 7 um), and “encrusted S. punctulata” in the analyzed interval. W average =
average valve width, in um; st.dev = standard deviation.

15



306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

Specimens of S. punctulata > 7 pm show a size trend similar — but not identical — to the one
derived for average values (Figure 5) since a reduction in size from an average of 9.57 um to an
average of 8.95 um occurs within the Fish Level (Table 2). The minimum values of S. punctulata (>
7 um) valve size were detected in the topmost part of the Fish Level (average 7.89 pum, at 11.86 m).
Specimens of “encrusted S. punctulata” occur only in the lower interval of the Sogno Core, namely
in the Domaro Limestone Fm. and the lowermost part of the Sogno Fm. below the Fish Level; this
morphogroup is extremely rare in the basal part of the black shale interval and absent from 16.29 m
upwards. The average valve size of “encrusted S. punctulata” specimens is slightly bigger (~10 um)
compared to the S. punctulata specimens > 7 um (average 9.42 um) (Figure 8a). A relative decrease
in “encrusted S. punctulata” valve size precedes the Fish Level, reaching a minimum value (9.2 um)
in the lowermost sample of the black shale interval (Figure 8a). As far as the thickness of the crust is
concerned, our data show no correlation with the dimension of the “encrusted S. punctulata” valve (r

= 0.018 see Supplementary Figure S1).

The valve size of “small S. punctulata” is 5.95 pm on average and shows modest fluctuations through
the investigated interval, from 16.79 to 11.86 m. The smallest values of 5.33 and 5.30 pm were
recorded within the Fish Level at 13.42 m (sample S3C5#313) and 11.86 m (sample S1C32#192),
respectively. It is worth noting that specimens of the “small S. punctulata” morphogroup display a
valve width ~2 um smaller than S. punctulata (> 7 um ) (Figure 8a). The relative abundances of the
“small S. punctulata” (<7 um ) and S. punctulata (> 7 pm) specimens vary through the studied
interval (Figure 8b). Indeed, the percentage of “small S. punctulata” (<7 um ) substantially increases
in the Fish Level, passing from ~20% to 40-60% and returning to 20-30 % in the overlying interval

(Figure 8b).

Figure 9 illustrates the average size variations obtained for the following groups: specimens <
7 um, specimens 7-10 pm, specimens 10-14 um, specimens > 14 um. Interestingly, the average values

are rather stable in individual curves, with only a negligible decrease in size across the Fish Level.
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The relative abundances of these groups (Figure 9b) evidence a major increase in percentages of the
specimens < 7 pm while the other size-groups display a decrease of variable amplitude. In fact, the
7-10 pm group passes from 49% to 40 % from the pre-Fish Level interval to the Fish Level interval.
The 10-14 pm specimens show a more pronounced decrease from 30% to 12 %, and the > 14 um
group remains very rare with percentages between 1 and 3 %. The average size of “encrusted S.
punctulata” is also reported in Figure 9a: this category pertains to specimens of average size
comprised between 9.2 and 10.8 um, and falls between the curves of the size-groups 7-10 um and

10-14 pm.

Fig.9: about here, full page width
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Figure 9. Uppermost Pliensbachian to Lower Toarcian S. punctulata size variations. (a) Valve width variations split by
varieties sensu Casellato and Erba, (2015) and Peti et al. (2021): “small S. punctulata” (< 7 pm), “encrusted S.
punctulata”, variety S p.p. (7-10 pm), M (10 - 14 pm) and L (>14 um); (b) relative abundances: percentage (%) of “small
S. punctulata” (<7 pm), variety S p.p. (7 - 10 um), M (10 - 14 um) and L (>14 pum; (c) absolute abundances of “small
S. punctulata” (<7 pum), S. punctulata (> 7 um), “encrusted S. punctulata”; (d) absolute abundance percentages (%) of
“small S. punctulata” (<7 um), S. punctulata (> 7 um) and “encrusted S. punctulata”.

3.2 Evolution of the abundances of the Schizosphaerella morphogroups

Based on the relative abundances of the size-groups determined following both Peti et al. (2020)
and Casellato and Erba (2015), it is evident that specimens < 7 pum show the greatest variations in
percentages. Consequently, we evaluated the absolute abundances (number of specimens) of “small
S. punctulata” (< 7 um) versus S. punctulata (> 7 pm) and “encrusted S. punctulata” in 1 mm? of

ultrathin sections (Figure 9¢; Supplementary Table S4). The absolute abundances (Figure 9c) of total
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Schizosphaerella (S. punctulata (> 7 pm) + “small S. punctulata” (< 7 pm) + “encrusted S.
punctulata”) is highest in the Domaro Limestone Fm. (~1000 specimens/mm?) and slightly decreases
in the lower part of the Sogno Fm. (~700 specimens/mm?). In the Fish Level the Schizosphaerella
absolute abundance drops to the lowermost value of 89 specimens/mm? (average of ~290
specimens/mm?) and returns to ~600 specimens/mm? in the overlying section.

In the uppermost Pliensbachian-lowermost Toarcian interval the numbers of “encrusted S.
punctulata” first decrease passing from the Domaro Limestone Fm. (~500 specimens/mm?) to the
Sogno Fm. (~ 300 specimens/mm?) and then progressively decline starting below the Fish Level
within which no specimens have been observed, similarly to the interval overlying the black shales.
The absolute abundance of S. punctulata specimens > 7 pm remains stable from the lowermost sample
up to the base of the Fish Level (~380 specimens/mm?) and suddenly decreases within the black shale
interval. In the lower and upper parts of the Sogno Core, the “small S. punctulata” (< 7 pm)
morphogroup displays absolute abundances of 140-150 specimens/mm? and only one sample within
the Fish Level records a low abundance value (69 specimens/mm?, sample S3C7 #320a, 15.11 m;
Figure 9c). Percentages of S. punctulata (> 7 um), “small S. punctulata” (<7 um) and “encrusted S.
punctulata” specimens were derived from their absolute abundances as illustrated in Figure 9d.
Again, within the Fish Level the “small S. punctulata” (< 7 pm) specimens become dominant (>
60%) similarly to what observed for the proportions derived from the set of measured specimens
(Figure 8b). Thus, the latter are not an artifact to be ascribed to the “close sum problem”, but, indeed,
reflect major changes in absolute abundances of “small S. punctulata” (<7 um) versus S. punctulata
specimens > 7 um. At the same time, the consistency of the relative abundances derived from the
dimensional dataset and from the absolute abundances suggests that the latter are not affected by the
cutting/orientation of the ultrathin sections.

The switch in relative and absolute abundances of the S. punctulata size-groups explains the

sharp decrease in average S. punctulata valve size across the Fish Level (Figure 5): specifically, the
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average size decrease is not the result of a general valve reduction, but rather derives from the drop

in abundance of S. punctulata specimens > 7 um.

3.3 The contribution of S. punctulata to the pelagic micrites of the Sogno Core.

Investigation of ultrathin sections allows the quantification in a unit area (1 mm? in our case)
of the absolute abundance of individual nannofossil taxa (e.g., Erba and Tremolada, 2004). As
previously documented for the Colle di Sogno section (Casellato and Erba, 2015), in the Sogno Core
large amounts of the micrite consists of schizospaherellids (Figure 3m). Based on the equation
proposed by Mattioli and Pittet (2002) (equations 1 in XXXXX) and our equation 2, we calculated
the volume and mass of S. punctulata (> 7 pm) and “small S. punctulata” (< 7 um) specimens. As
expected, the variations in S. punctulata calcite (= mass) are strictly related to the absolute
abundances and this is true for the whole S. punctulata dataset as well as for individual morphogroups
(Figure 9c,d). In fact, the “small S. punctulata” (< 7 pm) calcite remains low (between 0.02 and 0.34
107 g) whereas the amount of calcite produced by S. punctulata specimens > 7 um (with and without
fringing crust) is highest in the Domaro Limestone Fm. (7.1 1077 g), sharply decreases (4.6 107 g) in
the Sogno Fm. below the Fish Level where minimum values around 0.1 1077 gr were observed before
returning to an average of 3.6 10”7 g (Figure 10). It is also evident that the total calcite produced by
S. punctulata substantially derive from specimens > 7 um with a very minor contribution by

specimens < 7 pm (Figure 10).
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396 Figure 10. Grams of calcium carbonate produced by Schizosphaerella punctulata (all measurements), S. punctulata
397 (> 7 um)and “small S. punctulata” (<7 pm).

398 Since schizosphaerellids are rock-forming, we evaluated their patterns of absolute abundance,
399  size and mass relative to the CaCOj3 content, considering both the total S. punctulata cluster and the
400 two morphogroups < 7 pm and > 7 um separately (Figure 11). A very high Pearson coefficient was
401  found between the calcium carbonate content and total calcite produced by the S. punctulata cluster
402  (r=0.89; Figure 10a) as well as between the calcium carbonate content and total absolute abundance
403  of all S. punctulata specimens (r = 0.88; Figure 10b). However, this is due to specimens > 7 um
404  (Figure 10c) because no correlation has been extracted for the correlation between the CaCO3 content
405  and the “small S. punctulata” (< 7 pm) absolute abundance (r = -0.52; Figure 10b) or calcite (r = -
406  0.34; Figure 10c). We further assessed the influence of the valve size on the calcium carbonate content
407  and concluded that, again, changes in the “small S. punctulata” (< 7 pm) dimensions are irrelevant
408  (r= 0.47; Figure 10d), but a positive correlation links specimens > 7 pum to the CaCO3 amount (r =

409  0.73; Figure 10d).
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Figure 11. Scatter plots of the variations of CaCOj3 (%) versus: (a) grams of calcium carbonate produced by S.
punctulata (all measurements) through three different intervals (pre-Fish Level, Fish Level, post-Fish Level), (b)
absolute abundances of S. punctulata (> 7 pm), “small S. punctulata” (< 7 pm) and “encrusted S. punctulata”; (c)
grams of calcium carbonate produced by S. punctulata (> 7 pum) and “small S. punctulata” (<7 um); (d) valve width
(um) of S. punctulata (> 7 um) and “small S. punctulata” (<7 pm). The p values are < 0.05 for all the correlations.

4. Discussion

4.1 Comparison with previous studies

The characterization of abundance and size of S. punctulata in Lower Jurassic successions from
western Tethys (Claps et al., 1995; Mattioli and Pittet, 2002; Erba 2004; Suan et al., 2008, 2010;
Mattioli et al., 2009; Reolid et al., 2014, 2021; Erba et al., 2019a; Muller et al., 2020) and the Boreal
Realm (Clémence et al., 2015; Peti and Thibault, 2017; Menini et al., 2021; Peti et al., 2021)
documented significant changes associated to the T-OAE and specifically the negative 8'3C Jenkyns
Event. There is a general consensus on the litho-biogenetic role, during the Early Jurassic, of
schizosphaerellids which in fact produced most of the pelagic carbonate with minor contributions by
other coccoliths and nannoliths (e.g. Mattioli and Pittet, 2002; Erba, 2004; Suan et al., 2008, 2010).
This pattern was interrupted during the Jenkyns Event as evidenced by a significant decline in
abundance of S. punctulata, becoming negligible as micrite-forming component. The record from the
Sogno Core (Figures 5 and 9) is fully consistent with previous datasets and indicate that locally the
Schizosphaerella crisis interval corresponds to the Fish Level as previously documented by Casellato
and Erba (2015) for the Colle di Sogno outcrop. This bio-lithostratigraphic coincidence suggests that
the abundance decline of S. punctulata is closely linked to black shale deposition. However, this is

not a general rule, since black shales are not synchronous at regional to supra-regional scale (e.g.
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Erba et al., 2022). Therefore, surface (nannofossil assemblages) and bottom (oxygen depletion) water
changes were not synchronous, even within the same depositional basin. As far as the perturbation of
the C-cycle is concerned, the high-resolution C-isotopic chemostratigraphy of the Sogno Core
unambiguously indicates that the onset of the Schizosphaerella crisis correlates with the sharp initial
decrease of the Jenkyns Event negative anomaly, while the Schizosphaerella recovery phase
commences in the lowermost part — although not at the base — of the J2 segment (Figure 9c).

Morphometric investigations of Schizosphaerella valves in Lower Jurassic successions
(Mattioli and Pittet, 2002; Suan et al., 2008, 2010; Reolid et al., 2014; Erba et al., 2019a) revealed
fluctuations in size with potential causal relationships with altered biocalcification during times of
perturbed oceanic chemistry. Figure 12 illustrates the fluctuations in Schizosphaerella valve size
quantified relative to high-resolution chemostratigraphy in the Paris Basin (Sancerre section, Peti and
Thibault, 2017) and Lusitanian Basin (Peniche section, Suan et al., 2010) compared to the Sogno
Core record. Schizosphaerella reduction in size results to be broadly correlatable in separate basins
pointing to a common cause, rather than local depositional oceanographic regimes, regardless of the
presence/absence of black shales and their distribution with respect to C stable isotopes. However,
while the return to larger valves appears synchronous in the early phase of the J2 segment, the
inception of reduced dimensions is diachronous: the decline in Schizosphaerella valve size started
well before the onset of the negative 8'°C shift at Sancerre, whereas it was slightly older than, and
synchronous with the beginning of the Jenkyns Event at Peniche and Sogno, respectively.

Peti and Thibault (2017) linked Schizosphaerella sizes to paleotemperatures, namely large
valves produced under colder conditions and smaller valves prevailing under warm conditions. This
is reasonable for the general pattern observed also at Sogno, since the smallest average sizes correlates
with the Jenkyns Event hyperthermal as documented by 8'®0 changes (Erba et al., 2022; Figure 5).

The comparison of morphometric data collected for schizosphaerellids at Sancerre (Peti and
Thibault. 2017), Peniche (Suan et al., 2010) and Sogno (this study) shows that in the Lombardy Basin

the valve sizes are ~2 um smaller before, during and after the Jenkyns Event (Figure 12) than at the
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other locations. Following Peti and Thibault (2017), such a shift might be related to the lower
paleolatitudes and presumably warmer temperatures in the Lombardy Basin during the Toarcian.

Mattioli and Pittet (2002) documented fluctuations of Schizosphaerella valve sizes across the
Upper Pliensbachian-Lower Toarcian Somma section in the Umbria-Marche Basin (Central Italy), at
a paleolatitude comparable (slightly lower) to the Sogno section. The average dimensions (between
the minimum and maximum diameter) is 1-1.5 pum larger at Somma relative to Sogno, suggesting
that paleotemperature was not the sole or dominant environmental factor affecting schizosphaerellid
valve sizes.

Numerous studies correlated the variations in size of several Mesozoic coccolith/nannolith
species with temperature (e.g. Bornemann and Mutterlose, 2006; Fraguas and Young, 2011; Ferreira
et al., 2017; Mattioli et al., 2004; Wulff et al., 2020; more references in Faucher et al., 2020). A size
difference comparable to the one identified in this study for Schizosphaerella, was documented for
Biscutum constans across OAE 2 (latest Cenomanian in age), with largest coccoliths observed at
higher latitudes (Faucher et al., 2017). However, the same pattern was not obtained for the early
Aptian OAE 1la, because B. constans showed similar coccolith sizes in the Tethys Ocean, at low
latitudes in the Pacific Ocean and in the Boreal Realm (Liibke et al., 2015; Faucher et al., 2017). A
causal link between size and temperature was disputed by Bottini and Faucher (2020) based on a ~28
million years long record of variations in B. constans coccolith size through the mid-Cretaceous.
Available paleotemperature proxies indicate that the smallest sizes correlate with cold temperatures,
but in general there isn’t a relationship between coccolith dimensions and paleotemperatures (Bottini
and Faucher, 2020). Of course, S. punctulata does not belong to coccolithophores as does B. constans,
therefore the behavior of these two taxa may have been controlled by different ecological factors. The
comparison of our data with those from the Somma section (Mattioli and Pittet, 2002), indeed,
suggests that other factors (co)influenced the S. punctulata calcification.

The schizosphaerellid dimensional variations should be considered together with their

abundance to reconstruct the production of Schizosphaerella calcite and evaluate consequences for
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pelagic biogenic carbonates. Mattioli and Pittet (2002) and Suan et al. (2008; 2010) quantified the
schizospherellid contribution to carbonate deposition in the Umbria-Marche Basin and in the
Lusitanian Basin, respectively, concluding that export from shallow-water carbonate platforms was
much more relevant than calcareous nannoplankton production. Although quantitative data of
Schizosphaerella calcite were derived applying different methodologies, previous estimates concur
in concluding that schizosphaerellid calcite contribution was minor for hemipelagic and pelagic
sedimentation, generally < 10% total calcium carbonate, without a significant correlation between
schizosphaerellid CaCO3; and bulk CaCO3; when high-frequency lithological changes are concerned
(Peti and Thibault, 2017). However, a broad co-variation was derived for longer-term changes and
specifically across the Jenkyns Event (Peti and Thibault, 2017).
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Figure 12. Comparison of 8'*C, CaCOs and Schizosphaerella size variations at Sancerre borehole (Paris Basin, Clémence

et al., 2015), Peniche section (Lusitanian Basin, Suan et al., 2008, 2010) and Sogno Core (Lombardy Basin, this study).

Our findings add interesting details for assessing the role of combined Schizosphaerella size
and abundance in micrite production under a pelagic regime, with no shallow-water micrite
contributions at Sogno. As discussed above, the separation of “small S. punctulata” (< 7 pum)
abundance and size clearly indicates that there is a strong positive correlation between the absolute

abundance and size of S. punctulata specimens > 7 um and the CaCO3 (Figure 10). However, such a
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link is weakened by considering the entire Schizosphaerella cluster. Thus, we suspect that previous
conclusions are somehow influenced by potentially large amounts of small schizospaherellid
specimens, although we recognize that the hemipelagic nature of the sections examined in the Paris
and Lusitanian Basins was certainly prone to potentially receive considerable shallow-water micrite,

thus diluting the Schizosphaerella contribute to CaCOs.

4.2 Taxonomical implications

The detailed investigations conducted by Kilin (1980) and Kilin and Bernoulli (1984) on
Schizosphaerella ultrastructure and diagenesis highlighted the formation of fringing radial calcite
during burial. The overgrowth of diagenetic crusts was reconducted to the crystal habit and
mineralogy of the skeletal elements and their mutual arrangement resulting in differential resistance
to early diagenesis. Based on a thorough characterization of ultrastructure details, Kilin and Bernoulli
(1984) concluded that only S. punctulata can develop a fringing crust of variable thickness whereas
such a diagenetic feature was not observed in S. astraea specimens. Indeed, the wall ultrastructure is
geometrically different supporting a diverse behavior of the two taxa during burial. In the lower part
of the Sogno Core we found S. punctulata and “encrusted S. punctulata” specimens together in the
same samples (both smear slides and thin sections) indicating that the same diagenetic
conditions/processes operated simultaneously producing species-specific effects.

The absence of “encrusted S. punctulata” in the black shale interval of the Fish Level might be
the result of different diagenetic conditions not producing radial calcite crusts. However, “encrusted
S. punctulata” specimens were not observed in the interval overlying the Fish Level consisting of
lithologies similar to those preceding the black shale interval and presumably with a similar
diagenetic history. Therefore, we conclude that the distribution of “encrusted S. punctulata” is not
entirely controlled by diagenesis and might reflect the occurrence of different Schizosphaerella

species.
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Following Kilin and Bernoulli (1984), we conclude that possibly the Schizosphaerella
specimens without diagenetic crusts belongs to S. astraea while encrusted specimens pertain to S.
punctulata. This has important implications for taxonomy and, specifically for the separation of S.
punctulata from S. astraea or their grouping within one taxon. Schizosphaerella astraea was
established by Moshkovitz (1979) based on the ultrastructure pattern consisting of elongated
crystallites radiating from a central knob and forming a star-like pattern and resulting in triangular
pores. In S. punctulata, instead, single elements are arranged in a regular rectangular pattern and pores
are rectangular in shape. Investigation of Lower Jurassic nannofossil assemblages using light and
scanning electron microscopy have proved that only exceptionally well-preserved samples allow the
identification of the original Schizosphaerella ultrastructure. Our record suggests that diagenesis
might be diagnostic to distinguish the two Schizosphaerella species and suggests that S. punctulata

was overwhelmed by S. astraea during the Jenkyns Event and the immediately following interval.

5. Conclusions

Absolute abundances and morphometric changes obtained for S. punctulata size-groups and
“encrusted S. punctulata” (all specimens characterized by a crust surrounding the valve) revealed
large fluctuations in the uppermost Pliensbachian—Lower Toarcian interval recovered with the Sogno
Core. Relative to the onset and end of the T-OAE interval (Jenkyns, 1985, 1988, 2010),
schizospharellids do not show changes in abundance or dimensions; both parameters record, instead,
large fluctuations associated with the negative §'3C Jenkyns Event. Specifically, the Schizosphaerella
crisis interval initiated at the onset of the Jenkyns Event and its abundance recovery started in the
earliest phase of the J2 segment. The schizosphaerellid abundance drop was essentially caused by the
failure of S. punctulata specimens > 7 um and “encrusted S. punctulata”, while “small S. punctulata™

(< 7 um ) maintained rather stable abundances through the investigated interval. The average valve

dimension displays a 2 um decreases in the Schizosphaerella crisis interval, but this size reduction
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results from an abundance drop of specimens with valves > 7 um. In fact, absolute abundances of
individual S. punctulata morphogroups unambiguously demonstrate that such a pattern is real and not
an artifact of relative abundances (closed sum problem). Thus, the average size decrease is not the
result of a general valve reduction, but rather derives from the decrease in relative abundance of
specimens > 7 pm.

As in the Sogno Core, a decrease in Schizosphaerella valve size across the Jenkyns Event was
documented for the Lusitanian and Paris basins, although the inception is diachronous while the
termination is synchronous based on high-resolution C-isotopic chemostratigraphy. It is worth
underlying that, although the reduction amplitude is analogous, there is a ~2 um difference in size
between the schizosphaerellid average size from the Lombardy Basin relative to those from the
Lusitanian and Paris basins. At Sogno the average valve size is 1-1.5 pm smaller than in the Umbria
Marche-Basin. These data suggest that paleoenvironmental parameters (possibly ocean acidification
and fertility) other than — or in addition to — temperature probably affected, or at least co-controlled,
the nannofossil size.

The combined changes in S. punctulata abundance and size result in varying schizosphaerellid
calcite concurring to the deposition of micrite. The Sogno Core setting was pelagic with no evidence
of shallow-water carbonate debris, thus the micrite production should be proportional to plankton
biocalcification. Indeed, in the Sogno Core there is a strong positive correlation between the absolute
abundance and size of S. punctulata specimens > 7 um and the CaCOs3 content, with a negligible
contribution to calcium carbonate by the “small S.punctulata” (<7 um) group. The concomitant drop
in abundance and shrinkage of valve average size across the Schizosphaerella crisis interval might be
a consequence of ocean acidification associated to excess CO> and global warming (Erba, 2004;
Tremolada et al., 2005; Mattioli et al., 2008; Casellato and Erba, 2015).

The co-occurrence in the same sample of S. punctulata specimens (> 7 um) with and without a
crust is indicative of species-specific diagenetic effects. Based on the S. punctulata ultrastructure and

associated development of diagenetic features detailed by Kilin and Bernoulli (1984), we conclude

27



578

579

580

581

582

583

584

585
586
587
588
589
590

5901

592
593
594
595
596
597
598
599
600
601
602
603
604
605
606

that specimens without diagenetic crusts belong to S. astraea while encrusted specimens are
attributable to S. punctulata. Within the “small S. punctulata” (< 7 pm) group no specimens with a
fringing crust were observed, suggesting that they all belong to S. astraea. We infer that the presence
of the diagenetic crust might be diagnostic to distinguish S. punctulata from S. astraea, the latter

becoming dominant during the Jenkyns Event and the following interval.
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