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Abstract. The early Toarcian Oceanic Anoxic Event (T-OAE) was associated with major climatic changes
involving profound effects on the global carbon cycle. In this study, we present new carbon- and oxygen-
isotope, CaCOj3 and total organic carbon (TOC) records from two cores (Sogno and Gajum Cores) that
recovered pelagic successions from north-western Tethys. A palacobathymetry of about 1000 and 1500 m
water depth is tentatively reconstructed for the Gajum and Sogno sites, respectively. The investigated sections
thereby represent some of the deepest records of the T-OAE in the western Tethys. During the early Toarcian,
sedimentation in the Lombardy Basin (Southern Alps, northern Italy) was characterized by the deposition of
the Fish Level (Livello a Pesci), a dark grey to black marly claystone with low CaCO; content and relatively
high TOC content. In the two cores, the Fish Level (~5 m and ~15 m-thick at Sogno and Gajum, respectively)
is subdivided into three lithostratigraphic intervals: a lower part, with minimum CaCO; (5-10 %) and TOC
(~0.2-0.3 %) values; a central part with a progressive increase in TOC up to ~1.4 %, and an upper part
characterized by the highest TOC up to ~2.5 %. Within the Fish Level a lower grey interval and an upper black
interval are defined based on lithological features. Carbon-isotope chemostratigraphy resolves a 8'>Cea
negative excursion of ~3 %o at Sogno and ~6 %o at Gajum, and a 3'° Corg negative excursion of ~7 %o at both
locations. This global carbon cycle anomaly, named the ‘Jenkyns Event’, is here subdivided into a lower J1 and
an upper J2 segment. As highlighted by lithostratigraphic evidence, nannofossil biostratigraphy and
chemostratigraphic correlations, a hiatus elides part of the succession below the Fish Level in the Gajum
Core, although without compromising the completeness of the Fish Level itself. High-resolution 8'>C data
indicate that the base of the Fish Level is synchronous, but the top diachronous at the two coring sites. The
same synchroneity of the base and diachroneity of the top of the black shale interval is identified in the Umbria-
Marche Basin, suggesting that the duration of anoxia was not identical over very modest to relatively long
distances.
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1. Introduction

The Toarcian Oceanic Anoxic Event (T-OAE) repre-
sents an episode of globally distributed anoxia with
extensive accumulation of organic matter from coastal
to pelagic settings (Jenkyns 1985, Jenkyns 1988,
Jenkyns 2010). Release of high amounts of CO, are
interpreted as triggers of extreme palacoenvironmental
change. Possible sources of greenhouse gases are
related to the degassing of the Karoo—Ferrar large
igneous province (Percival et al. 2015, Heimdal et al.
2021) and/or dissociation of methane hydrates along
continental margins and/or terrestrial environments
(Hesselbo et al. 2000, Palfy and Smith 2000, McEla-
win et al. 2005, Svensen et al. 2007, Percival et al.
2015, Them et al. 2017, Ruebsam et al. 2019). Under
greenhouse climatic conditions, an accelerated hydro-
logical cycle, with enhanced continental weathering
favoured by the elevated concentrations in atmo-
spheric carbon dioxide, led to increased nutrient input
into the oceans (Cohen et al. 2004, Jenkyns 2010,
Percival et al. 2016, Izumi et al. 2018, Kemp et al.
2020).

The T-OAE, originally recognized due to the glob-
ally distributed record of a coeval lower Toarcian black
shale (Jenkyns 1985), is associated with a negative
carbonate and organic-carbon isotope anomaly mea-
sured both in terrestrial (lacustrine), shallow- and
deep-marine archives, including sediments from the
ancestral Pacific Ocean (Jenkyns and Clayton 1986,
Hesselbo et al. 2000, Hesselbo et al. 2007, Schouten et
al. 2000, Rohl et al. 2001, Jenkyns et al. 2001, Jenkyns
et al. 2002, McElwain et al. 2002, Kemp et al. 2005,
Emmanuel et al. 2006, van Breugel et al. 2006,
Sabatino et al. 2009, Al-Suwaidi et al. 2010, Caruthers
et al. 2011, Grocke et al. 2011, Hesselbo and Pien-
kowski 2011, Kafousia et al. 2011, Kafousia et al.
2014, Izumi et al. 2012, Trabucho-Alexandre et al.
2012, Reolid 2014, Xu et al. 2017, Them et al. 2017,
Fantasia et al. 2018, Tkeda et al. 2018, Filatova et al.
2020, Reolid et al. 2020, Ruebsam and Al-Husseini
2020, Remirez and Algeo 2020, Hougard et al. 2021).

Long time-series show that this negative isotope
excursion intersects an overarching positive excursion
extending over much of the lower Toarcian (Jenkyns
and Clayton 1997, Jenkyns 2003, Xu et al. 2018, Storm
et al. 2020). Thermogenic methane associated with
metamorphism of organic-rich sediment, dissociation
of marine or terrestrial clathrates, and volcanogenic
CO, have been variously credited with causing the
observed negative carbon-isotope anomaly; the exten-

sive broad positive carbon-isotope excursion is attrib-
uted to accelerated global marine and lacustrine carbon
burial (Jenkyns 1988, Jenkyns 2010, Fantasia et al.
2018, Xu et al. 2018).

Both strontium-isotope (*’Sr/*°Sr) and osmium-iso-
tope (*®70s/'®80s) anomalies have also been docu-
mented as evidence of accelerated continental weath-
ering in response to a global climate change (Jenkyns
2003, Jenkyns 2010, Cohen et al. 2004, Ullmann et al.
2013, Percival et al. 2016, Them et al. 2017, Jenkyns
and Macfarlane 2021) with extraordinary warmth
(Dera et al. 2011, Korte and Hesselbo 2011, Gémez
et al. 2016, Ruebsam et al. 2020) associated with a
major marine transgression (Hallam 1981, Haq et al.
1987, Hardenbol et al. 1998). Available records sug-
gest that, in addition to anoxia, these extreme condi-
tions triggered a biocalcification crisis (Erba 2004,
Mattioli et al. 2004, Tremolada et al. 2005, Casellato
and Erba 2015, Erba et al. 2019a, Reolid et al. 2020),
enhanced primary productivity (Erba 2004, Jenkyns
2010), and ocean acidification (Erba 2004, Trecalli et
al. 2012, Casellato and Erba 2015, Posenato et al. 2018,
Miiller et al. 2020, Ettinger et al. 2021).

New carbon- and oxygen-isotope data calibrated
against nannofossil biostratigraphy are presented from
two Italian pelagic sequences of latest Pliensbachian—
early Toarcian age cored in the Lombardy Basin
(Southern Alps, northern Italy) (Fig. 1). Excellent
recovery of the Sogno and Gajum Cores (Erba et al.
2019b) provided high-quality material for this study.
The estimated palacowater depth of the selected pe-
lagic sites ranges from 1000-2000 m (Gaetani and
Poliani 1978), thereby representing some of the dee-
pest records known of the T-OAE and potentially
offering new insights into the dynamics of the Tethyan
deep carbonate system under environmentally per-
turbed conditions. The primary objective of this ac-
count is to utilize the detailed characterization of the

Fig. 1. A.and B. Present-day location of the Sogno and
Gajum drilling sites. C. Present-day map of the Lombardy
area. D. Palacogeographic location of the studied successi-
ons during the Toarcian (~180 Ma) (modified after Scotese
2011). E. Early Toarcian palacogeographic map of the
western Tethys and European epicontinental sea (modified
after Fantasia et al. 2019). F. Schematic section across the
Lombardy Basin during the Jurassic (modified after Ber-
noulli et al. 1979). The palaeo-locations of the two studied
sites are indicated.
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carbon-isotope stratigraphy of the T-OAE in the Lom-
bardy Basin to investigate the causes and conse-
quences of this major environmental perturbation. In
particular, the identification of local/regional versus
global isotopic signals should allow the disentangling
of small-scale changes from global forcing functions
that influenced the ocean/atmosphere system.

2. Geological setting

The Lombardy Basin, located in northern Italy
(Fig. 1A), was part of the relatively undeformed por-
tion of the continental margin of the Adria microplate
in the western Tethys Ocean (Gaetani 2010) (Figs. 1B
and 1C). A latest Triassic—earliest Jurassic multiphase
rifting, associated with some environmental change,
disrupted a relatively continuous carbonate-platform
belt producing an articulated “horst and graben”
bathymetry in a pelagic setting (Bernoulli and Jenkyns
1974, Bernoulli and Jenkyns 2009, Winterer and
Bosellini 1981, Bosence et al. 2009, Santantonio
and Carminati 2011, Jenkyns 2020). This palacogeo-
graphic configuration is clearly documented by dif-
ferent sedimentary regimes with deeper zones char-
acterized by thick relatively complete successions,
whereas typically condensed and incomplete se-
quences accumulated on structural highs (Gaetani
1975, Gaetani 2010). During the Early Jurassic the
Lombardy Basin became a relatively deep, fully pe-
lagic area between the Lugano High to the west and the
Trento Plateau to the east, further subdivided into a
number of troughs and palaeohighs that are, from west
to east: Monte Nudo Trough, Lugano High, Generoso
Trough, Corni di Canzo High, Albenza Plateau, Monte
Cavallo High, Sebino Trough, Botticino High
(Fig. 1F). Slopes connecting structural highs to troughs
were marked by slumps, resedimented bodies, and,
locally, megabreccias (Castellarin 1972, Gaetani and
Erba 1990, Pasquini and Vercesi 2002, Gaetani 2010).

During the early Toarcian, sedimentation in the
Lombardy Basin was characterized by the deposition
of the so-called Fish Level (Livello a Pesci) (Tintori
1977, Gaetani and Poliani 1978, Erba and Casellato
2010, Erba et al. 2019a), a typically 0.5 to 5 m-thick
dark grey to black marly claystone interval, with a
thickness of up to few tens of metres in the most
expanded sections.

The Sogno Core (45°47'20.5" N, 9°28'30.0" E)
(Erba et al. 2019b) was drilled next to the outcropping
type-section of the Sogno Formation (Gaetani and

Poliani 1978), along the road SP 179 on the northern
slope of Monte Brughetto (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) (Fig. 1A). The lower
Toarcian portion of the Sogno Formation, no longer
well exposed, consists of about 24 metres of varico-
loured limestones and marlstones, with calcareous
claystones as minor lithologies overlying the grey,
more massive Domaro Limestone Formation, about a
metre of which was recovered in the bottom part of the
core (Fig. 2). The cored Fish Level (sensu Gaetani and
Poliani 1978) consists of ~5 m of dark grey to black
marly claystones. In particular, following the lithos-
tratigraphy of Erba et al. (2019b), within the Fish Level
three intervals are distinguished from bottom to top: an
interval consisting of grey to very dark grey and dark
red clayey marlstones (Unit 7); grey to very dark grey
clayey marlstones with reddish to greyish spots
(Unit 6); black shales characterized by well-developed
lamination and pyrite nodules (Unit 5).

The Gajum Core (45° 51' 3.2" N, 9° 17' 19.5" E)
(Erba et al. 2019b) was drilled close to “Fonte Gajum”
located east of Canzo (CO), in a lateral incision of the
Ravella Valley next to the trail named Via delle Alpi
(Fig. 1B). The marly limestones, marlstones and
clayey marlstones of the Sogno Formation (about
22.5 metres) are separated from the underlying Do-
maro Limestone Formation (about 4 metres) by a sharp
undulated lithological contact and overlain by about
1.5 metres of reddish nodular limestones of the Rosso
Ammonitico Lombardo Formation (Fig. 3). The Fish
Level in the Gajum Core is more expanded than in the
Sogno Core, with a thickness of about 16 metres versus
5 metres, respectively. Following the lithostratigraphy
of Erba et al. (2019b), three units are distinguished
within the Fish Level, from bottom to top: an interval
consisting of dark grey to very dark grey to black marly
claystones, with evident laminations and local faint
bioturbated patches (Unit 6); dark to very dark grey to
black clayey marlstones interrupted by four intervals
of dusky red limy cherts with a few levels character-
ized by green-coated limy-chert nodules (Unit 5); dark
to very dark grey to black marly claystones with
evident lamination and common pyrite nodules
(Unit 4).

Figure 4 illustrates the lithological variations de-
tected within the Fish Level at Sogno and Gajum
showing two distinctive parts, namely a lower grey
interval and an upper black interval. The latter is
lithologically similar at the two sites, being character-
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Fig. 2. Nannofossil biostratigraphy, lithostratigraphy, isotopic records (5'*Cearp, 8 Corg and 8"80ar), CaCO5 content, total
organic carbon (TOC), and total organic carbon on a carbonate-free basis (TOCcf) of the Sogno Core. Nannofossil
biostratigraphy from Visentin and Erba (2021); lithostratigraphy and CaCOs from Erba et al. (2019b). Samples below, within
and above the Fish Level are indicated in red, black and green, respectively. The lower part (J1) and the upper part (J2) of the
lithostratigraphic expression of the Jenkyns Event are highlighted with a dark grey and a light grey band, respectively (see text
for explanation).
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ized by laminated fissile black shales, rich in pyrite
powder and nodules, and very dark grey, homogenous
to faintly bioturbated marly claystones. The lower grey
interval, by contrast, predominantly consists of grey
and bioturbated marly claystones with different inter-
calations of reddish lithologies. Whereas in the Sogno
Core dusky red clayey marlstones characterize the
lowermost part of the Fish Level (Unit 7 in Fig. 2), in
the Gajum Core distinctive dark reddish brown limy
chert levels occur in the upper part of the grey interval
(Unit 5 in Fig. 3). Peculiar emerald-coloured mm-thick
laminae are present at 14.69 and 15.28 m within Unit 6
in the Sogno Core (Fig. 4). In the Gajum Core, mm- to
cm-sized pea-green coated nodules are documented in
the dark red limy chert layers between 23.42 and
23.81 m and between 24.36 and 24.44 m (Fig. 4).
The Sogno and Gajum sites were located in quite
different geological settings within the Lombardy
Basin, on a pelagic plateau (Albenza Plateau) and in
an inner basin along the slope of a structural high
(Corni di Canzo Mt.), respectively (Gaetani and Erba
1990, Pasquini and Vercesi 2002, Gaetani 2010)
(Fig. 1F). The Late Jurassic palacobathymetry of the
Southern Alps reconstructed by Bernoulli et al. (1979)

potentially provides some estimates of the former
water depths of the Sogno and Gajum sites (Fig. 1F).
However, these Late Jurassic depth estimates are in no
way rigorously quantitative since they rely on regional
stratigraphy, sedimentary geometry and thicknesses of
the sequences together with the assumed palaeobathy-
metric significance of characteristic pelagic facies, as
suggested by Bosellini and Winterer (1975). Gaetani
(2010) detailed the Jurassic evolution of the Southern
Alps as part of a passive continental margin adjacent to
a spreading centre. The differential subsidence driven
by the extensional regime was largely over by late
Aalenian times, subsequently becoming more evenly
distributed, as documented by the sedimentary succes-
sions in various portions of this Tethyan margin
(Winterer and Bosellini 1981, Bernoulli and Jenkyns
1974, Bernoulli and Jenkyns 2009, Gaetani 2010).
Consequently, following Jenkyns (1988), the position
of Early Jurassic sea level can be equated to the top of
the Trento Plateau that remained a shallow-water
carbonate platform during the Hettangian—earliest
Toarcian time interval, allowing an estimate of the
palacowater depths of troughs and highs within the
adjacent Lombardy Basin. In this way, the palacowater
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depths of the Sogno and Gajum sites are tentatively
reconstructed to be about 1500 and about 1000 metres,
respectively, during the Early Jurassic.

Generally, the palacobathymetry of Early Jurassic
basins in the southern part of the Tethyan area is poorly
quantified. Excluding shallow-water carbonate plat-
forms (e. g., Woodfine et al. 2008, Sabatino et al. 2009,
Ettinger et al. 2021), information on water depths for
pelagic—hemipelagic settings is scarce, although the
reconstructions of Winterer (1998) for the eastern
Lombardy Basin (Sebino Trough, Fig. 1F) suggests
comparable palacodepths to those suggested here for
the Sogno and Gajum sites. A quantitative water-depth
estimate for the Peniche section (Portugal) was given
by Bjerrum et al. (2001), who proposed a figure of
about 200 m for the shallow westerly dipping homo-
clinal ramp of the Lusitanian Basin. At the other
extreme, the occurrence of radiolarites stratigraphi-
cally associated with organic-rich T-OAE shales in the
Pindos Zone (northern Peloponnese, Greece) was used
to suggest, for the so-called Kastelli Pelites, a water
depth greater than that of typical Tethyan continental
margins (Kafousia et al. 2011). This example apart, the
investigated Sogno and Gajum sites provide some of
the deepest records of the T-OAE to complement the
information already available for shallower sites in the
Tethyan region.

There has been a similar reticence in the literature to
giving estimates for the depositional palacodepths of
T-OAE successions in the shelf seas of northern
Europe, although studies of relative sea-level change
during the Toarcian are relatively plentiful (e.g.,
Hesselbo and Jenkyns 1998, Rohl and Schmid-Rohl
2005). An overall stratigraphic association with cur-
rent-bedded clastic sediments of various facies-types,
as well as the local presence of silt-grade sedimentary
structures in the black shales themselves, likely pre-
cludes deposition of the organic-rich sediments in great
water depths (e. g., Trabucho-Alexandre et al. 2012).
However, the prevailing anoxic to euxinic conditions
would have required, during certain intervals at least,
the presence of a modestly well-developed and stable
water column. Hallam (1967) opted for a relatively
shallow 15 to 30 m for the depositional depth of lower
Toarcian black shales in Yorkshire, north-east Eng-
land, whereas Frimmel et al. (2004) and Rohl et al.
(2001) suggested figures of ~50 m and 100-150 m,
respectively, for coeval facies in south-west Germany.
The greater figures seem intrinsically more reasonable
given the overall tectonic context of a shelf region
undergoing crustal extension and subsidence accom-

panied by a regional sea-level rise. In any event, the
contrast in proposed palacobathymetry when com-
pared with Tethyan pelagic facies in the Lombardy
Basin is clear.

3. Material and methods
3.1. Carbonate carbon and oxygen
isotopes

A total of 173 bulk dried and ground samples of the
Sogno Core (one sample every ~10-15cm) were
measured for carbon and oxygen stable isotopes.
Measurements were performed at the Open University
(U.K.) using a Thermo Delta-Plus Advantage mass
spectrometer attached to a Thermo GasBench.
Samples were reacted with phosphoric acid (H;POy)
at 60 °C. Data were corrected to the VPDB scale with a
linear two-point calibration using NBS-18 and NBS-
19 (n = 3 each) and an in-house Maastrichtian lime-
stone. Reproducibility of replicated standards is better
than +0.1 %o for 8">Ceup, and 880y,

A total of 342 bulk dried and ground samples of the
Gajum Core (one sample every 5—10 cm) were mea-
sured for stable carbon and oxygen isotopes at the
Department of Earth Sciences “A. Desio”, Milan Uni-
versity. Measurements were performed using an auto-
mated carbonate preparation device (GasBench II)
connected to a Delta V Advantage (Thermo Fisher
Scientific Inc.) isotopic ratio mass spectrometer
(IRMS). Weighed powders (about 200-1000 pg
each depending on sample carbonate content) were
reacted with >99 percentage phosphoric acid (H3POy)
at 70 °C. The reference materials used for carbon- and
oxygen-isotope analyses are the international stan-
dards, IAEA 603 and NBS-18. Analytical reproduci-
bility is better than + 0.1 %.. Stable-isotope ratios are
reported using the conventional & notation to indicate
per mil (%o) deviation from the VPDB standard
(Coplen 1994).

3.2. Organic-carbon isotopes

A sub-set of 77 bulk dried samples, principally cover-
ing the Fish Level interval of the Sogno Core, were
analysed for bulk organic stable carbon-isotope ratios
(813C0rg). Samples were crushed with an agate pestle
and mortar to <125 pm. Carbonate was removed by
treating ~1 g of sample with 20 ml 1 M HCI, and
heating on a hot plate for about 2 h. This phase was
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repeated until no visible reaction occurred. The acid-
treated samples were then washed with distilled de-
ionised water three times to achieve a neutral pH, oven
dried at 40 °C and re-crushed. A mass of decarbonated
powder equivalent to ~20-100 pg C was then weighed
into tin capsules for analysis. Measurements were
made at the Open University (U.K.) using a Thermo
Flash HT Elemental Analyser coupled to a MAT
253 mass spectrometer. Measured 8'°C compositions
were corrected to the VPDB scale with a three-point
linear calibration using NIST 8572 glutamic acid (§'°C
=-26.39 %o), IAEA CH-6 sucrose (8'°C =-10.45 %o)
and L-Alanine (8'3C = —23.33 %), measured in every
sample batch. Sample isotopic ratios are reported as
per mil deviation from the VPDB international stan-
dard (Coplen 1994). Reproducibility of 613C0rg, mon-
itored by standard measurements and duplicates, is
better than 0.1 %o.

For the Gajum Core, a sub-set of 158 bulk dried
samples (one sample every ~20 cm) was analysed for
53 Corg at Iso-Analytical, Crewe Cheshire (U.K.).
Weighed powdered samples were acidified with 2M
HCI (~24 hours), then washed until reaching neutrality
and oven-dried at 60 °C. Thereafter, an aliquot of the
sample was weighed into a sealed tin capsule, which
was loaded into an autosampler and analysed on a
Europa Scientific Elemental Analyser — Isotope Ratio
Mass Spectrometry (EA-IRMS). The temperature of
the furnace was held at 1000 °C and the temperature in
the region of the sample reached ~1700 °C. Calibration
to the VPDB standard via IAEA-CH-6 sucrose
(8"°C =—10.45 %o) was made daily using the in-house
IA-R001 (wheat flour, §'C = of —26.43 %), IA-R005
(beet sugar, 8'°C = —26.03 %o) and IA-R006 (cane
sugar, 8'°C =—11.64 %o) internal standards. Analytical
reproducibility is better than 0.1 %o.

3.3. Calcium carbonate content (CaCOyg)

The calcium carbonate (CaCO;) content of selected
samples from both the Sogno (N = 163 samples) and
Gajum (N = 342 samples) was measured at the
Department of Earth Sciences “A. Desio”, Milan Uni-
versity. The CaCO; content was detected using the
Dietrich-Friihling gas volumetric method by measur-
ing evolved CO; after acidification of the bulk sample
with HCI (see Erba et al. 2019b). CaCOs; results for
both the Sogno and Gajum Cores are reported in
weight percentage (%) (Figs. 2 and 3).

3.4. Total organic carbon (TOC)

A total of 79 samples of the Sogno Core, mainly from
the Fish Level, were measured for total organic-carbon
(TOC) content by Rock-Eval Pyrolysis 6 at the
Department of Earth Sciences at Oxford University
(U.K.). The TOC content of 158 samples of the Gajum
Core was analysed along with bulk organic stable
carbon isotopes at Iso-Analytical, Crewe Cheshire
(U.K.), using a Europa Scientific Elemental Analy-
ser — Isotope Ratio Mass Spectrometry (EA-IRMS).
The total ion beam data recorded the percentage carbon
of the acid-washed samples and was used to calculate
the TOC values after subtracting the weight-loss data
(total inorganic carbon = TIC) determined at the acid
washing stage: i.e., %TOC =%TC -%TIC. TOC
results for both the Sogno and Gajum Cores are
reported in weight percentage (%) (Figs. 2 and 3).

Total organic carbon on a carbonate-free basis
(TOCcr) was computed in order to compensate for
the highly variable CaCO; content and evaluate pos-
sible dilution effects on the measured total organic
matter. TOCcr was calculated using the following
formula:

100

TOCer = TOC % ———
cr (100 — CaCOy)

4. Results
4.1. Carbonate carbon and oxygen
isotopes

Carbonate carbon isotopes of the Sogno Core range
between 3.5 %o and —3.8 %o (Fig.2). In the upper
Domaro Limestone and the lower Sogno Formation,
carbon isotopes are relatively stable with average
values of 1.9 %o between 26.83 m and 17.22 m. The
carbon-isotope chemostratigraphy shows a minor but
distinctive negative anomaly previously identified at
the Pliensbachian/Toarcian boundary (Littler et al.
2010, da Rocha et al. 2016) at 24.69 m in the lower-
most part of the Sogno Formation. Although in pre-
vious studies the base of the Toarcian has been placed
at the base of the Sogno Formation (Gaetani and
Poliani 1978, Casellato and Erba 2015) we believe
that, in the Sogno Core, this stage boundary should be
placed at the 8"3Carp, minor anomaly as documented at
the Peniche GSSP (da Rocha et al. 2016) (Fig. 2). Just
below the base of the Fish Level, 8'°C., values
decrease sharply to 0.3 %o, between 17.22m and
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16.36 m, and remain on average around 0.4 %o to about
12.51 m. Notably, negative spikes ranging from —0.5 to
—3.7 %o occur between 16.13 m and 13.70 m. Starting
from the topmost part of the Fish Level, the 8"3Cart
record gradually increases towards positive values
(12.51-6.33 m) until reaching relatively stable values
of about 3 %o in the upper part of the cored interval
(6.33 m—1.56 m). The pioneering work by Jenkyns and
Clayton (1986) first documented a negative C-isotopic
interval interrupting a positive excursion in the Sogno
outcrop (equal to Monte Brughetto section of Gaetani
and Poliani 1978). Although the stratigraphic resolu-
tion of the C and O stable isotopic analyses was much
lower than in the present study, the values documented
by Jenkyns and Clayton (1986) compare well with
those derived from the Sogno Core.

In the Sogno Core, oxygen isotopes range between
—4.4 %o and —0.9 %o (Fig. 2), generally showing scat-
tered data. A relatively stable trend is observed from
the base of the cored section to the interval just below
the base of the Fish Level, documenting average values
of —1.7 %o between 26.83 m and 17.27 m. Across the
Fish Level, 8'%0,, data decrease gradually up to
12.42 m, showing average values of —3.1 %o. Starting
from the topmost part of the Fish Level, oxygen
isotopes shift towards positive values
(12.42-10.39 m), reaching relatively stable values of
about —2.4 %o in the upper part of the cored interval
between 10.39m and 1.56 m. As for the 8"°C
record, the oxygen isotope values obtained for the
Sogno Core are fully consistent with data documented
for the outcrop (Jenkyns and Clayton 1986).

Carbonate carbon isotopes of the Gajum Core range
between 3.6 %o and —12.5 %o (Fig. 3). In the Domaro
Limestone, carbon isotopes are stable around average
values of 1.9 %o between 31.17 m and 26.96 m. At the
contact between Domaro Limestone and the Fish
Level, based on high-resolution data (one sample every
0.5-1 cm) 8"3C .arp, values show a minor increase from
1.5 %o to 2.1 %o (27.04-27.00 m), followed by a sharp
decrease down to —0.6 %o at 26.44 m. Above, the
carbon-isotope trend continues to a slight decrease
across the Fish Level, with average values of about
—2 %o up to 15.47 m. Notably, in the lower part of the
Fish Level, three intervals characterized by a series of
very negative values are identified: 1) the stratigraphi-
cally lowest includes 21 negative data points down to
—12.5 %o between 25.43 m and 23.51 m; ii) the second
occurs between 21.97 m and 20.48 m, and includes 10
very negative data-points down to —12.5 %o; iii) the
uppermost interval consists of three data-points show-

ing values down to —9.0 %o between 18.88 m and
18.73 m. Starting from the upper part of the Fish
Level, the 8" Ceap curve gradually shifts towards
positive values (15.47-7.53 m) reaching relatively
stable numbers around 2.7 %o in the upper part of
the Sogno Formation and lower part of the Rosso
Ammonitico Lombardo (7.53-3.08 m).

Oxygen isotopes in the Gajum Core range between
—5.7 %0 and —0.8 %o, generally showing a large amount
of data scatter (Fig. 3). The 880, values show a
relatively stable trend from the base of the cored
interval up to the base of the Fish Level, with average
values of —1.5 %o between 31.17 mand 26.96 m. At the
boundary between the Domaro Limestone and the Fish
Level, a sharp decrease down to values of about —3 %o
is documented. Across the Fish Level, 8'%0,,,, data
show a gradual decrease up to 14.57 m, with average
values of —3.3 %o. In the upper part of the Fish Level
(14.57-10.53 m), oxygen isotopes start shifting to-
wards higher values returning to relatively stable
levels, on average —2.7 %o, between 10.53 m and
3.08 m.

4.2. Organic-carbon isotopes

Carbon isotopes on bulk organic matter in the Sogno
Core range between —33.7 %o and —24.1 %o (Fig. 2). In
the Domaro Limestone and the lower Sogno Forma-
tion, '3 Corg results are relatively stable with average
values of —25.5 %o between 25.29 m and 16.88 m. At
the base of the Fish Level, the 613Corg curve shifts
sharply to lower values of —24.4 %o to —27.7 %o be-
tween 16.79 m and 16.55 m. Across the Fish Level,
53 Corg data continue to decrease up to 12.42 m, with
average values of —30.8 %o. Jenkyns and Clayton
(1986) provided 8'"°C, data for the Fish Level crop-
ping out at Monte Brughetto that are fully consistent
with the Sogno Core record, albeit with lower resolu-
tion. Starting from the upper part of the Fish Level
(12.42 m), 8" Corg data gradually shift towards higher
values up to 10.65 m, reaching values up to —28 %o. In
the overlying organic-lean part of the Sogno Forma-
tion, only three samples were measured, which are
characterized by an average value of —26.6 %o between
6.76 m and 5.91 m.

Carbon isotopes on bulk organic matter of the
Gajum Core range between —33.3 %o and —24.3 %o
(Fig. 3). In the Domaro Limestone, 813C0rg data are
relatively stable around average values of —26.2 %o
between 31.17 m and 26.96 m. At the contact between
the Domaro Limestone and the Fish Level, high-
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resolution data show a minor, initial increase from
=25 %o to —24.4 %o (27.00-26.93 m), followed by a
sharp and more pronounced decrease down to
~29.4 %o at 26.53 m. Across the Fish Level, 8"°Cyyg
values continue to decrease up to 15.10 m, reaching
values of —33.3 %o. Starting from the upper part of
the Fish Level, 813C0rg values gradually increase
(15.11-9.48 m), returning to relatively stable levels,
on average —25.9 %o, in the upper part of the Sogno
Formation and Rosso Ammonitico Lombardo
(9.48-3.08 m).

4.3. Calcium carbonate content (CaCOyg)

In the Sogno Core, the calcium carbonate content
ranges between 5.5 % and 87.0 % (Fig. 2). In the upper
Domaro Limestone and lower part of the Sogno
Formation, the CaCOj3 content is on average 62.9 %
between 26.83 m and 16.88 m. However, a sharp
decrease, down to 11.4%, is documented between
26.00 m and 24.69 m. CaCO; values decline from
just below the base of the Fish Level, with a minimum
of about 5 % in the lower Unit 7. In the Fish Level, the
calcium carbonate content remains low, with average
values of 23.5 % comparable to those documented by
Jenkyns and Clayton (1986) for the Monte Brughetto
outcrop. CaCOs; starts to rise again above the Fish
Level, showing average values of 51.8 % in the upper
part of the Sogno Core, between 11.86 m and 1.56 m.
However, some fluctuations in the order of about
20-30 % are observed in this interval.

The calcium carbonate content of the Gajum Core
ranges between 2.4% and 92.3% (Fig.3). In the
Domaro Limestone, the CaCOj; values are on average
73 % between 31.17 m and 26.96 m. At the base of the
Fish Level, CaCOj; values sharply decrease down to
~10% in the lower part of Unit 6. In the Fish Level,
between 26.96 m and 10.60 m, the calcium carbonate
content remains low with average values of 25.9 %.
Above the Fish Level, the calcium carbonate content
rises gradually to average values 0f 46.9 % in the upper
part of the Sogno Formation and the Rosso Ammo-
nitico Lombardo, between 10.60 m and 3.08 m. How-
ever, fluctuations up to 40 % are documented in this
upper interval of the Gajum Core.

4.4. Total organic carbon (TOC)

The TOC values of the Sogno Core fall between 0 %
and 2.5% (Fig.2). In the lower part of the Sogno
Formation, below the Fish Level, TOC content is on

average 0.2% between 24.69 m and 16.88 m, and
increase to about 0.8 % just below the base of the
Fish Level at ~17.1 m. In the lowermost part of the Fish
Level (Unit 7) TOC values are very low (0.2%).
Within lithological Unit 6, TOC starts to increase at
15.6 m reaching values up to ~1.4 %, with an average
0f 0.5 %. The uppermost part of the Fish Level (Unit 5)
is characterized by the highest TOC values, on average
1.3 %, with peaks up to 2.5%. These data are fully
consistent with the TOC values obtained by Jenkyns
and Clayton (1986) for the outcropping Fish Level.
The interval immediately above the Fish Level is
characterized by low values in the lowermost part
(~0.4 %), followed by two samples with TOC content
of ~2.2%.

In the Gajum Core, the TOC values range between
0% and 2.2% (Fig.3). In the Domaro Limestone
(31.17-26.96 m), the TOC content is stable and ex-
tremely low, on average about 0.1 %. The lowermost
and central lithostratigraphical units of the Fish Level
(Units 6 and 5) are characterized by rather stable low
values of about 0.3 % and 0.4 %, respectively. Unit 4 is
characterized by a lowermost part (21.39-13.74 m)
marked by a progressive increase in TOC up to 2.2 %
(average of 1.1 %) and an upper part (13.74-10.60 m)
with a low TOC content of ~0.4 %. In the upper part of
the Gajum Core above the Fish Level and in the Rosso
Ammonitico Lombardo (10.60-3.08 m), TOC values
are very low, on average 0.1 %. Only a limited increase
is observed in the interval between 5.95 and 531 m
with an average value of ~0.3 % and a maximum of
~0.5% at 5.53 m.

5. Discussion
5.1. The Fish Level in the Sogno and Gajum
Cores

The Fish Level was originally described by Tintori
(1977) in the section cropping out south of Monte
Brughetto as a 1.75 m-thick interval consisting of
fissile, brownish to black claystones and clayey marl-
stones, with planar alignments of small pyritic crystals.
Gaetani and Poliani (1978) established the type section
of the Sogno Formation on the road north of Monte
Brughetto and described, in the middle part of litho-
zone 1, a 4.3 m-thick clayey interval containing com-
mon fish remains. According to Gaetani and Poliani
(1978), the Fish Level sensu stricto can reach a
thickness of 50 cm and is present only in the most
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expanded sequences. However, the precise position of
the Fish Level in the Colle di Sogno reference section
or in other localities was not defined and, conse-
quently, Casellato and Erba (2015) applied the name
to the entire clayey interval of Gaetani and Poliani
(1978). The same criteria were followed by Erba et al.
(2019b) for the identification of the Fish Level in the
Sogno and Gajum Cores, and used to identify the
lithostratigraphic signature of the T-OAE, as suggested
by Jenkyns (1985 1988).

The detailed sedimentological characterization of
the Fish Level recovered with the Sogno and Gajum
Cores was used to identify a lower grey interval and an
upper black interval (Figs. 2, 3, and 4). The variable
thickness of these two intervals as well as of the total
thickness of the Fish Level appears dependent on the
location within specific morphostructural features of
the Lombardy Basin. It is worthwhile noting that the
upper black interval is lithologically similar in the two
cores, whereas the lower grey interval is rather vari-
able. Most probably the Fish Level reported by Tintori
(1977) corresponds to the sole upper black interval that
should therefore be considered the Fish Level sensu
stricto.

The expanded nature of the Fish Level in the Sogno
and Gajum Cores offers the opportunity to investigate
in detail the lithostratigraphic variations associated
with the C-isotope anomaly. At both sites, the Fish
Level base and top are identified as corresponding with
the lowermost and uppermost dark grey to black shale,
respectively (Erba et al. 2019b). Nevertheless, the Fish
Level basal and top contacts are different in the two
cores. Notably, in the Sogno Core the upper boundary
corresponds to the top of the continuous black-shale
interval overlain by grey marlstones, whereas the base
is fixed at the bottom of the lowermost dark grey
marlstone overlying a reddish interval (Unit 8). As
described above (Fig. 4), the basal part of the Fish
Level (Unit 7) is developed as greyish marly clays-
tones with a few black shales, but also some reddish
levels. On the contrary, in the Gajum Core the base of
the Fish Level is well defined due to the abrupt
occurrence of black shales, whereas the top is char-
acterized by a transition from black shales to progres-
sively dark grey to grey marly claystones and marl-
stones (Figs. 2, 3, and 4). The sharp lithological nature
of the lower boundary of the Fish Level in the Gajum
Core is related to the occurrence of a hiatus that may
cover ~600 kyrs based on nannofossil biostratigraphy
(Visentin and Erba 2021). Indeed, from a lithological
point of view, the hiatus coincides with the boundary

between light grey limestones of the Domaro Lime-
stone Formation and the grey interval of the Fish Level,
thereby eliding the lowermost Toarcian part of the
Sogno Formation. Moreover, as illustrated in Figure 5,
the uppermost centimetres of the Domaro Limestone
are characterized by a pseudo-nodular facies and an
undulating surface with the overlying grey interval of
the Fish Level. However, calcareous nannofossil bio-
stratigraphy and geochemical data suggest that the
basal part of the Fish Level is most probably complete.

The hiatus detected at the base of the Fish Level is
interpreted as the result of downslope sediment (mass)
transport as documented by megabreccia bodies oc-
curring in various palaco-locations near to the Gajum
drillsite, at the foot or in lower parts of the slopes of the
Mt. Corni di Canzo palaeohigh (Gaetani and Erba
1990, Pasquini and Vercesi 2002). Sedimentary dis-
continuities of similar age and duration have been
documented for several lower Toarcian sections from
the Lusitanian Basin as well as in Western Tethyan
sections and have been ascribed to rapid regression/
transgression phases around Pliensbachian/Toarcian
boundary time, in the earliest polymorphum Zone
and immediately before the T-OAE negative CIE:
some authors have attributed such putative sea-level
oscillations to glacio-eustatic control (Pittet et al.
2014). A rapid glacio-eustatic sea-level fall preceding
the T-OAE negative CIE was also suggested, based on
the presence of deeply incised valleys in marine
sections exposed in Greenland and Morocco (Krencker
et al. 2019). However, the palacowater depth of the
Gajum site (about 1000 m) excludes a similar cause for
the hiatus dated in this core. This contention is further
reinforced by the occurrence of continuous and com-
plete sequences in several parts of the Lombardy
Basin, as at Sogno on the Albenza Plateau. Rather,
an early Toarcian tectonic phase associated with the
rifting that propagated eastwards in the Southern Alps
during the Late Triassic (Norian) to Middle Jurassic,
was responsible for gaps and massive re-sedimentation
in various parts of the Lombardy Basin (Gaetani 2010).

Despite the lithostratigraphical differences, related
to the specific palaeco-physiography of the Gajum
(Corni di Canzo High) and Sogno (Albenza Plateau)
sites, some common geochemical features are ob-
served within the Fish Level in the Sogno and Gajum
Cores. The lower part of the grey interval, with
minimum CaCO;z; values (5-10%) and TOC
(~0.2%), is characterized by bioturbated, grey to
very dark grey, and dark red marlstones in the Sogno
Core (Unit 7) and bioturbated, dark grey to very dark
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Fig. 5. A.Dusky red limy chert interval in the Gajum Core (slabbed core 22; ~32.4 m, — penetration depth, ~23.7 m —
stratigraphic depth). B. Boundary between the Domaro Limestone (on the right) and Sogno Formation (on the left) (core 25;
~36.78 m, — penetration depth, ~26.95 m — stratigraphic depth). An undulated surface marks the sharp boundary between the
pseudo-nodular limestones and the Fish Level. C. Gajum borehole well image (from ~29 to ~34.5 m — penetration depth; from
~21 to ~25.3 m — stratigraphic depth). Three intervals of dusky red limy cherts interspersed with the grey to black marly

claystones can be observed.

grey marly claystones in the Gajum Core (Unit 6). At
Sogno, the onset of the Fish Level is marked by a drop
in CaCOj associated with the “Schizosphaerella crisis”
(Erba 2004, Casellato and Erba 2015) documented at
supra-regional scale (Tremolada et al. 2005, Visentin et
al. 2021). It is characterized by the drastic reduction in
abundance of schizosphaerellids that begins just stra-
tigraphically preceding the negative CIE of the T-OAE
and represents the wide-scale temporary collapse of a
rock-forming taxon within the calcareous nannoplank-
ton (Claps et al. 1995, Erba 2004, Tremolada et al.
2005, Mattioli et al. 2008, Fraguas et al. 2012, Her-
moso et al. 2012, Erba et al. 2019a, Reolid et al. 2020,
Visentin et al. 2021). In the Lombardy Basin, the
“Schizospaherella crisis” is paralleled by a substantial
decrease in abundance of another well-calcified nan-
nofloral taxon, namely Mitrolithus jansae (Casellato
and Erba 2015, Visentin and Erba 2021). In the
negative CIE interval of the T-OAE Schizosphaerella
is also characterized by reduced sizes (Mattioli and
Pittet 2002, Mattioli et al. 2004, Mattioli et al. 2009,
Suan et al. 2008, Suan et al. 2010, Reolid et al. 2014,
Reolid et al. 2020, Clémence et al. 2015, Erba et al.
2019). These drastic reductions in calcareous nanno-
plankton calcification, also described as a ‘calcareous
nannofossil crisis’ or ‘disappearance event’ (Bucefalo
Palliani et al. 2002, Mattioli et al. 2004, Mattioli et al.
2008, Suan et al. 2008, Fraguas et al. 2012, Clémence

et al. 2015), were translated into the drop in pelagic
carbonate sedimentation as a consequence of com-
bined warming, ocean fertilization and acidification
influencing calcareous phytoplankton abundance and
species-specific biocalcification. The increase in cal-
cium carbonate above the Fish Level in both the Sogno
and Gajum Cores (Figs. 2 and 3) records the resump-
tion of Schizosphaerella production (Casellato and
Erba 2015, Erba et al. 2019a, Visentin and Erba
2021), further highlighting the rock-forming role of
this highly calcified taxon.

Jenkyns and Clayton (1986) observed a near-linear
relationship (R? = 0.94) between carbon isotopes in
organic matter and the calcium-carbonate content of
the Fish Level formerly cropping out at Monte Bru-
ghetto. They interpreted this relationship as the result
of the replacement of calcareous nannofossils by non-
carbonate-secreting phytoplankton that preferentially
fixed '“C. However, the new data from the Sogno and
Gajum Cores do not display such a linear relationship
(Fig. 6). In fact, R is equal to 0.006 and 0.002 for the
Fish Level interval at Sogno and Gajum, respectively
and a R? for the entire dataset equal to 0.26 and 0.10 at
Sogno and Gajum, respectively. Furthermore, micro-
paleontological characterization of the Fish Level in
the Colle di Sogno section (Casellato and Erba 2015),
as well as in the Sogno and Gajum Cores (Visentin and
Erba 2021), demonstrated that calcareous nannofossils
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Fig. 6. Cross-plot of CaCO5 versus 3'° Corg data for the Sogno and Gajum Cores. Samples below, within and above the Fish

Level are indicated in red, black and green, respectively.

are present throughout the Fish Level, as in the
intervals below and above. Consequently, the
T-OAE negative excursion cannot be ascribed to a
change in the nature and isotopic composition of the
planktonic components due to local upwelling condi-
tions, as hypothesized by Jenkyns and Clayton (1986).
Moreover, the negative CIE has been documented in
all complete marine and terrestrial archives, indicating
that the whole ocean-atmosphere system was affected
by a major change in the carbon pool.

The upper part of the grey interval within the Fish
Level is characterized in both cores by a progressive
increase in TOC up to ~1.4 %, with an average calcium
carbonate content of 20-28 %. In both cores, the upper
black interval displays the highest TOC content (up to
~2.5 %) associated with low CaCO; content (~27 %)
(Unit 5 and Unit 4 in the Sogno and Gajum Cores,
respectively). However, it should be noticed that in the
Gajum Core a sharp decrease in TOC down to values of
about 0.3 % was recognized in the very uppermost part
of the Fish Level.

Possible dilution effects of organic matter by cal-
cium carbonate were estimated by comparing mea-
sured TOC values with CaCO; content. In particular,
TOC on a carbonate-free basis (TOC¢f) was calculated
for both cores, in order to compensate for variable
calcium carbonate amounts. TOCcr curves do not

show substantial variations with respect to TOC pro-
files, thus indicating a negligible impact of carbonate
dilution on organic-matter content. This result is
further confirmed by the lack of a direct correlation
between TOC and CaCO3, as shown in the cross-plot in
Figure 7.

5.2. The carbon-isotope record in the
Sogno and Gajum Cores

The 8'3C record of the latest Pliensbachian—early
Toarcian time interval in both cores is characterized
by common trends that ensure high-resolution dating
and correlation between the two (Figs. 2 and 3). As
described in section 4.1, the negative excursion in the
Gajum Core is also marked by three lithostratigraphic
intervals with particularly low 813C, . values, from
about —9 %o to about —12 %o. Such punctuated very
negative values (from —1 %o to —4 %o) are also noted in
the lower and middle part of the CIE of the Sogno Core
(Fig. 2).

Although the overall trends in both carbonate and
organic-carbon isotopes are similar in the Sogno and
Gajum Cores, some differences exist in the 8"3Ceart
absolute values of the two cores. In fact, the 8" Corg
values are practically identical, with the T-OAE
chemostratigraphic anomaly represented by a negative
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Fig. 7. Cross-plot of total organic carbon (TOC) versus CaCOj data for the Sogno and Gajum Cores. Samples below, within
and above the Fish Level are indicated in red, black and green, respectively.

excursion of about 7 %o (Figs. 2 and 3). On the
contrary, 8"3Car, Tecords of the two cores exhibit
different values, with the amplitude of the T-OAE
negative excursion reaching ~3 %o (from about 3 %o to
about 0 %o) in the Sogno Core, while this decrease is
about twice as large (from about 3 %o to about —3 %o) in
the Gajum Core (Figs. 2 and 3). We speculate that these
extremely negative values are related to the reminer-
alization of organic matter and the fixation of relatively
isotopically light carbon released below the sediment-
water interface into authigenic carbonates. The pre-
ferential fixation of the released light carbon in the
carbonate phase is illustrated by the occurrence of the
very negative values exclusively in the carbonate-
carbon but not in the organic-carbon isotopic record.
Observed differences in the two 8'>C,,;, records testify
to the occurrence of variable early diagenetic patterns
that acted to a different extent in the two locations.
An extensive discussion on the role of diagenesis
was given by Jenkyns and Clayton (1986) to explain
the low 8'°C values measured from several T-OAE
organic-rich shales and intercalated manganoan car-
bonate from the Tethyan region, including the Monte
Brughetto outcrop. They described the shift to lower
values as the result of a negative local diagenetic trend
unrelated to a change in the oceanic carbon-isotope
reservoir. In particular, according to these authors, the

negative values reflect a mixture of isotopically hea-
vier primary marine carbonate and isotopically lighter
diagenetic cement precipitated in equilibrium with
CO, derived from bacterial oxidation of organic mat-
ter. The same interpretation was also given by Bellanca
et al. (1999) to explain the low 8"°Carp values in the
lower Toarcian bioturbated manganoan limestones,
grey marlstones, and thinly laminated, organic-car-
bon-rich black shales in the Belluno Basin (north-
eastern Italy) (Figs. 1E and 1F). Sabatino et al. (2011)
described very negative 8'°Cyyp values from man-
ganoan and siliceous limestone interbedded within the
T-OAE black-shale interval in the Julian Alps (Monte
Mangart section). The authors suggested that the
negative C-isotopic values coincident with high Mn
contents indicate the effects of organic matter in the
mineralization process during early diagenetic preci-
pitation of manganese carbonates; the same interpreta-
tion is adopted here. As far as the Gajum Core is
concerned, two of the three most negative 8"3Cearb
intervals correlate with reddish limy cherts within
Unit 5 (Figs. 2 and 3). Although the 8"*Cat/8'*Ocars
cross-plot (see below) is comparable with negligible
diagenetic alteration, we cannot exclude the likely role
of diagenesis due to the development of the limy cherts
whose genesis necessarily involved dissolution—pre-
cipitation phenomena.
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5.3. Oxygen-isotope variations

A cross-plot of 8"3Carp, values against the 8'80 1, data
for all the analysed samples of the two sections is given
in Figure 8. A correlation between the two isotopic
ratios is generally observed in samples affected by
diagenesis due to the presence of variable quantities of
isotopically homogeneous, isotopically negative cal-
cite cementing primary marine carbonate (e. g., Mar-
shall 1992, Blanchet et al. 2012). Our data show
absence of correlation (R? equal to 0.21 and 0.07 in
the Sogno and Gajum Cores, respectively) when con-
sidering all the analysed samples together. By grouping
data according to their position relative to the Fish
Level, no correlation between the 8'°Ceyyp and the
8"80,.1 is observed (R2 from 0 to 0.19), with the
exception of the interval above the Fish Level in the
Gajum Core (R? = 0.56). These data suggest that
diagenesis may have had little effect, with moderate
impact only in the upper interval of the Gajum Core.
Thus, the occurrence of common patterns in the
oxygen-isotope record in the two sections suggests
a relatively modest overprint of the original isotopic
signal.

Some cautious considerations in terms of relative
temperature variations can therefore be made. In both
sections, a progressive shift of 8"80.arp, from heavier to
lighter values is observed in correspondence with the
Fish Level, possibly due to a gradual change towards
warmer conditions. By considering the typical
A®0cam gradients between 0.2-0.3 %o per °C for

marine carbonates (Leng and Marshall 2004, Maslin
and Dickson 2015), the observed 8"80, s, decrease of
about 2 %o in amplitude in both the Sogno and Gajum
Cores would imply a warming of about 7-10 °C. This
magnitude of warming is in good agreement with
TEXge based sea-surface temperatures reconstructions
for the Tethyan region for the same time interval
(Ruebsam et al. 2020).

In the Sogno Core, where the lowermost part of the
Sogno Formation is preserved, the progressive shift in
8" 0car, towards lower values begins before the de-
position of the Fish Level, suggesting that the onset of
warmer conditions pre-dated the deposition of the
black-shale interval. In fact, oxygen-isotope values
start to gently decrease from about 3 metres below the
Fish Level and then are marked by a sharp shift to
lighter ratios at the onset level of the negative carbon-
isotope anomaly, about 0.5 m below the base of the
black-shale interval. Oxygen-isotope values in the
uppermost part of the succession record a progressive
shift back to higher values, probably resulting from a
gradual cooling. In the Gajum Core, the abrupt shift to
lighter 8"80. a1 values coincides with the base of the
Fish Level and is consistent with the occurrence of a
hiatus at the Domaro Limestone/Sogno Formation
boundary. The most negative values are reached in
the uppermost part of the black-shale interval (from
about 16.2 to 12.8 m) followed by a gradual increase.
We note particularly that, in both cores, the gradual
shift back to higher oxygen-isotope ratios occurs prior
to the end of the negative carbon-isotope anomaly,
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indicating that the transition towards cooler conditions
started before the return back to post-T-OAE §'°C
background values. Indeed, it should be pointed out
that local variations in salinity might have influenced
the observed 8'%0,,, record, in addition to tempera-
ture. However, such effects cannot be constrained with
available data.

The lowest 3'*O,, values measured in the upper
part of the negative 8'>C anomaly in both the Sogno
and Gajum Cores are consistent with other Tethyan
sequences observed in Spain (Tremolada et al. 2005,
Gomez et al. 2016), Portugal (Oliveira et al. 2006,
Suan et al. 2008), Greece (Kafousia et al. 2014), and
north European localities in France (Emmanuel et al.
2006) and Germany (Rohl et al. 2001).

5.4. The T-OAE in the western Tethys

Recently, Hougard et al. (2021) documented the
T-OAE anomalies in the Swabo-Franconian Basin
(SW Germany) and discussed the extension of anoxia
relative to carbon-isotope chemostratigraphy. Results
were compared to similar datasets from the Paris
Basin, the Cleveland Basin and the Swiss Jura to
assess synchroneity/diachroneity of the termination
of anoxia in different parts of the seaway connecting
the Tethys to the Boreal Oceans. Hougéard et al. (2021)
raised the critical issue of the definition of the T-OAE
that hitherto has not been systematically applied,
thereby introducing artefacts and/or misunderstand-
ings in correlations and modelling at supra-regional
scale.

Following the original definition of OAEs by
Schlanger and Jenkyns (1976), Jenkyns (1988) de-
scribed the lithological T-OAE signature based on
globally distributed apparently coeval organic-rich
black shales dated to the early Toarcian falciferum
Zone. This lithostratigraphy-based definition was ap-
plied in several subsequent papers and complemented
by a broad 8'C positive excursion interrupted by an
abrupt negative “bite” in its central portion (Jenkyns
2010). In Figure 9, the §'°C reference curve for the
latest Pliensbachian—middle Toarcian time interval
(Ruebsam and Al-Husseine 2020, modified by Hou-
gard et al. 2021), shows the prolonged positive ex-
cursion containing the negative CIE. The extremely
detailed record of the Mochras borehole (Xu et al.
2018, Storm et al. 2020) documents the T-OAE
positive excursion (from the mid-tenuicostatum
Zone to the mid-serpentinum Zone) and the negative
CIE (exaratum Subzone). Applying the GTS2020 time

scale (Gradstein et al. 2020) the broad positive carbon-
isotope excursion corresponds to a ~1.5 million-year-
long interval. The remarkable 5'°C negative CIE has
been documented at global scale in a variety of marine
and continental settings indicating a global perturba-
tion of the C cycle (see reviews by Remirez and Algeo
2020, Ruebsam and Al-Husseini 2020). Arguably,
such a negative CIE is the most consistently recogniz-
able feature that accompanies the T-OAE.

Miiller et al. (2017) proposed renaming the T-OAE
as the Jenkyns Event in which they distinguished the
negative CIE (their interval 2). Recently, Reolid et al.
(2020) 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, warming and sea-level rise.
However, a precise definition of the beginning and end
of the Jenkyns Event is not provided, hampering its
unambiguous identification and correlation on a re-
gional, supra-regional and global scale.

Here, we suggest labelling as the Jenkyns Event only
the 8'3C negative CIE of the T-OAE. As such, the
Jenkyns Event correlates with the uppermost fenui-
costatum Zone—exaratum Subzone and falls within the
NJT6 nannofossil Zone (Ferreira et al. 2019, Visentin
and Erba 2021). Inspection of medium- to high-resolu-
tion records allows a further subdivision of the Jenkyns
Event into: a) a lower part where, after a marked
decrease, the carbon-isotope curve remains at mini-
mum values, and b) an upper part that features a
gradual increase back to pre-anomaly values
(Fig. 9). It is worth pointing out that the chemostrati-
graphic expression of the lower part of the Jenkyns
Event (J1) can have very different shapes, while the
upper part (J2) is similar in the currently available
documented records. Adopting the above subdivision,
three time-lines can be used for global correlations,
namely the base of J1, the base of J2, and the top of J2.

The comparison of lithostratigraphy and chemos-
tratigraphy (both 8"°C ., and 8'°C,, data) highlights
analogies and differences in the timing and deposi-
tional style of the Fish Level in the Sogno and Gajum
Cores (Fig. 9). At both sites, the lowermost part of the
lithostratigraphically constrained T-OAE (Fish Level)
corresponds to carbonate- and TOC-poor marlstones
and marly claystones, followed in the middle and upper
parts by more organic-rich dark grey marly claystones
and black shales. The coherence in stratigraphic posi-
tion of the TOC content in the two cores seems to imply
some remineralization of organic matter (hence lower
TOC) in the early stages of the Jenkyns Event (lower
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Fig. 9. On the left, the schematic 8'°C reference curve for the latest Pliensbachian—Toarcian time interval is reported
(modified after Ruebsam and Al-Husseini (2020), with minor modifications by Hougard et al. 2021). The stratigraphic extent
of'the T-OAE is indicated with a light red rectangle, while the proposed interval of the Jenkyns Event is indicated by a yellow
band. Extent of the lower J1 and the upper J2 segments of the Jenkyns Event is also illustrated. Coloured dashed lines in the
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chemostratigraphic correlation of the Sogno and Gajum Cores is based on overlapped 8'>Ceyy, and 52 Corg isotope profiles and
TOC data. The extent of the Fish Level and its internal subdivision into a grey interval and a black interval is reported for the

two records.

half of the J1) that could have fuelled authigenic
carbonate precipitation after burial.

In both the Sogno and Gajum Cores, the base of the
Fish Level coincides with the chemostratigraphic onset
of the Jenkyns Event (Figs. 2, 3, and 9). This correla-
tion implies that the hiatus at the Domaro Limestone/
Sogno Formation boundary in the Gajum Core does
not cut out the basal part of the Fish Level. We
underscore the fact that, in the Sogno Core, decreases
in CaCOj5 and 8'0 start ~20 cm below the base level
of the signature of the Jenkyns Event, in a similar way
to records from the Sancerre section (Hermoso et al.
2013). In the Gajum Core, the coeval interval seems
either extremely condensed or absent/elided.

The timing of initial deposition of the Fish Level
relative to the CIE is synchronous at both Sogno and

Gajum sites. Conversely, the upper boundary of the
black-shale interval appears diachronous in the two
records (Fig. 9) suggesting a delayed re-establishment
of well-oxygenated conditions at Gajum. Moreover,
the top of the black-shale interval is abrupt at Sogno,
whereas a gradual change from black shales to organic-
lean pale marlstones is documented in the Gajum Core
(Figs. 2, 3 and 4). This observed disparity is interpreted
to reflect the different geological settings: on a pelagic
plateau at about 1500 m water depth (Sogno Core) and
in an inner basin along the slope of a structural high at
about 1000 m water depth (Gajum Core). Therefore,
the lithostratigraphic expression of the T-OAE, namely
the Fish Level, was of similar inception, but different
termination and duration depending on local condi-
tions even within the same basin.
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2001, Sabatino et al. 2009). The distribution of the black-shale intervals (Fish Level and Fish Level Equivalent) is also

reported.

In Figure 10 the Sogno and Gajum C-isotopic, black-
shale and TOC records are compared to analogous data
from the Umbria-Marche Basin (Valdorbia section,
Sabatino et al. 2009), Belluno Basin (Dogna section; in
Jenkyns et al. 2001, Sabatino et al. 2009) and Julian
High (Monte Mangart section in Sabatino et al. 2009,
Sabatino et al. 2011). The negative CIE at Valdorbia

and Dogna unambiguously allows the identification
and correlation of the J1 and J2 segments at supra-
regional scale. The 813C0rg record of the Monte Man-
gart section was interpreted as complete, allowing the
identification of the base and top of the negative CIE
(Sabatino et al. 2009). However, based on values and
trends, we propose a revised chemostratigraphic cor-
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relation suggesting that hiatuses have removed the
oldest and youngest parts of the record of the Jenkyns
Event (Fig. 10).

From a lithostratigraphic point of view, a Fish Level
Equivalent is recognizable in the Valdorbia and Monte
Mangart sections, whereas lithological data are not
provided for Dogna, preventing the identification of a
Fish Level Equivalent in the Belluno Basin. Chemos-
tratigraphy indicates that the Fish Level Equivalent
corresponds to the entire J1 and lower J2 in the
Umbria-Marche Basin, similarly to the Lombardy
Basin (Fig. 11). While the base of the Fish Level
Equivalent is synchronous to the base of the Fish
Level, in the Umbria-Marche Basin (Valdorbia sec-
tion) the termination of anoxia (= top of the Fish Level
Equivalent) is younger than at Sogno and older than at
Gajum (Figs. 10 and 11). Depending on the interpreta-
tion of the carbon-isotope record, at Monte Mangart
the Fish Level Equivalent might coincide with the
entire Jenkyns Event interval following the interpreta-
tion of Sabatino et al. (2009). Thus, the base of the Fish
Level Equivalent would be synchronous with the
records in the Lombardy and Umbria-Marche Basins
while the top would be delayed for at least one locality
on the Julian High (Monte Mangart). The revised
chemostratigraphy (this study), implying stratigraphic
gaps at the base and top of the Fish Level Equivalent,
hampers the assessment of synchroneity/diachroneity
of inception and/or termination of oxygen depletion in
the Julian High area.

As far as the TOC is concerned (Figs. 10 and 11), the
Valdorbia and Dogna records are similar to those of
Sogno and Gajum, with an increase from the beginning
of the negative CIE to the J1/J2 boundary interval.
However, whereas at Valdorbia the TOC values are
comparable to the Sogno and Gajum data, values are
higher at Dogna (from 0.3 to 5 %). Moreover, in the
Dogna section, the increase in TOC begins lower in the
section and terminates higher than at Sogno, Gajum
and Valdorbia.

At supra-regional scale within the western Tethys
litho-geochemical data indicate that features were very
similar in the Lombardy and Umbria-Marche Basins,
but slightly different in the Belluno Basin. The onset of
black-shale deposition (Fish Level and Fish Level
Equivalent) was coeval at inter-basinal scale since it
coincides with the beginning of the Jenkyns Event in
the Lombardy and Umbria-Marche Basins. Termina-
tion of black-shale deposition, however, was diachro-
nous at intra- and inter-basinal scale, possibly depend-
ing on specific morphostructural settings.

6. Conclusions

New carbon- and oxygen-isotope, CaCO3z and TOC
data from the Sogno and Gajum Cores provide a high-
resolution record of the T-OAE in the Lombardy Basin.
The reconstructed palaeobathymetry is about 1000 and
1500 m water depth for the Gajum and Sogno sites,
respectively. Thus, the investigated sections provide
some of the deepest records of the T-OAE in the
western Tethyan region. During the early Toarcian,
sedimentation shifted to a depositional style charac-
terized by dark grey to black marly claystones with low
CaCQOs, corresponding to the Fish Level. This interval
is lithologically variable and of significantly different
thickness in the Sogno (~5 m) and Gajum (~16 m)
Cores. Notwithstanding these differences, in both
cores the Fish Level is marked by a lower part
characterized by minimum CaCO;s; (5-10%) and
TOC (~0.2 %), a central part with a progressive shift
in TOC up to ~1.4 %, and an upper part with the highest
TOC values reaching up to ~2.5 %. Based on detailed
lithostratigraphy, the Fish Level is subdivided into a
lower grey interval and an upper black interval, the
latter being the Fish Level sensu stricto.

In the Sogno Core, the carbon-isotope chemostrati-
graphy allows the identification of the minor negative
anomaly at the Pliensbachian/Toarcian boundary fol-
lowed by a broad positive excursion. A hiatus elides
the lowermost part of the Sogno Formation below the
Fish Level in the Gajum Core, so that the Pliensba-
chian/Toarcian boundary interval is not preserved.
Across the Fish Level, the negative carbonate car-
bon-isotope anomaly shows a shift of ~3 %o in the
Sogno and ~6 %o in the Gajum Core, respectively, and
a 813Corg negative shift of ~7 %o in both successions.
We propose naming the 8'3C negative anomaly the
‘Jenkyns Event’ (further subdivided into the J1 and J2
segments) and use this diagnostic geochemical feature
to unambiguously identify the T-OAE at a global scale.
Calcareous nannofossil biostratigraphy constrains the
Jenkyns Event to the NJT 6 Zone.

In both cores, oxygen-isotope data document a
progressive shift to lighter values suggestive of warmer
conditions starting before the deposition of the Fish
Level. The lowest oxygen-isotope ratios are recorded
within the Fish Level itself, consistent with warmest
ocean temperatures during its deposition in the early
Toarcian. Data indicate a return back to higher oxygen-
isotope values before the end of the black-shale deposi-
tion, thus suggesting that a change to cooler conditions
occurred before the termination of the Jenkyns Event.
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High-resolution correlation of the new cored se-
quences from the Lombardy Basin highlights the
fact that the onset of deposition of the Fish Level
was synchronous, but its termination was diachronous
at the two sites, suggesting a delayed re-establishment
of oxygenated bottom-water conditions at Gajum.
Also, the top of the black-shale interval is abrupt at
Sogno, whereas black shales gradually change to grey
marlstones in the Gajum Core.

The records from the Lombardy Basin can be
compared to sections from the Umbria-Marche and
Belluno Basins and the Julian High with the 53 Cearb
and 613C0rg data providing the chemostratigraphic
framework (J1 and J2 segments) to assess the wider
distribution of TOC and black shales. As is the case for
other OAEs (see discussion in Tsikos et al. 2004 and
Kolonic et al. 2005 for OAE2, and Wagner et al. 2013
for OAE3), the organic-rich and/or carbonate-poor
lithologies (black shales) are diachronous relative to
carbon-isotope stratigraphy. Specifically, the onset of
the T-OAE black shale deposition in the western
Tethys was coeval in different basins and started at
the beginning of the Jenkyns Event, but the return to
more oxygenated bottom waters was diachronous at
local to inter-basinal scales.
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Supplementary data.xlsx

Sogno core data


			core name			core number			sample number (#)			strat. depth (metre)			lithostratigraphic unit (Erba et al. 2019)			δ13C carb (‰ VPDB) 			δ13C org (‰VPDB)			δ18O (‰ VPDB) 			CaCO3 (%)			TOC (%)


			Sogno - Site 1			S1 C1			1			1.56			Unit 1			2.82						-2.54			52.27


			Sogno - Site 1			S1 C1			2			1.67			Unit 1


			Sogno - Site 1			S1 C1			3			1.72			Unit 1			2.97						-2.23			55.79


			Sogno - Site 1			S1 C1			4			1.78			Unit 1


			Sogno - Site 1			S1 C2			5			1.84			Unit 1


			Sogno - Site 1			S1 C2			6			1.89			Unit 1			3.04						-2.46			55.00


			Sogno - Site 1			S1 C2			7			1.96			Unit 1


			Sogno - Site 1			S1 C2			8			2.04			Unit 1


			Sogno - Site 1			S1 C2			9			2.09			Unit 1			3.00						-2.46			53.34


			Sogno - Site 1			S1 C3			10			2.21			Unit 1


			Sogno - Site 1			S1 C3			11			2.26			Unit 1


			Sogno - Site 1			S1 C3			12			2.30			Unit 1			3.22						-2.10			57.16


			Sogno - Site 1			S1 C3			13			2.35			Unit 1


			Sogno - Site 1			S1 C3			14			2.44			Unit 1


			Sogno - Site 1			S1 C3			15			2.53			Unit 1			3.12						-2.25			56.39


			Sogno - Site 1			S1 C3			16			2.60			Unit 1


			Sogno - Site 1			S1 C4			17			2.67			Unit 1


			Sogno - Site 1			S1 C4			18			2.73			Unit 1


			Sogno - Site 1			S1 C4			19			2.78			Unit 1			3.25						-2.08


			Sogno - Site 1			S1 C4			20			2.83			Unit 1


			Sogno - Site 1			S1 C4			21			2.88			Unit 1


			Sogno - Site 1			S1 C4			22			2.94			Unit 1


			Sogno - Site 1			S1 C4			23			2.99			Unit 1			3.05						-2.36			52.23


			Sogno - Site 1			S1 C4			24			3.05			Unit 1


			Sogno - Site 1			S1 C5			25			3.14			Unit 1


			Sogno - Site 1			S1 C5			26			3.19			Unit 1


			Sogno - Site 1			S1 C5			27			3.24			Unit 1			3.03						-2.61			41.95


			Sogno - Site 1			S1 C5			28			3.32			Unit 1


			Sogno - Site 1			S1 C5			29			3.38			Unit 1


			Sogno - Site 1			S1 C5			30			3.44			Unit 1			3.25						-2.11			65.07


			Sogno - Site 1			S1 C6			31			3.67			Unit 1


			Sogno - Site 1			S1 C6			32			3.73			Unit 1			3.48						-1.97			67.46


			Sogno - Site 1			S1 C7			33			4.03			Unit 1			3.17						-2.54			52.30


			Sogno - Site 1			S1 C7			34			4.08			Unit 1


			Sogno - Site 1			S1 C7			35			4.24			Unit 1


			Sogno - Site 1			S1 C8			36			4.33			Unit 1			3.20						-2.35			58.91


			Sogno - Site 1			S1 C8			37			4.38			Unit 1


			Sogno - Site 1			S1 C8			38			4.43			Unit 1


			Sogno - Site 1			S1 C8			39			4.48			Unit 1			3.25						-2.19			56.66


			Sogno - Site 1			S1 C8			40			4.53			Unit 1


			Sogno - Site 1			S1 C8			41			4.58			Unit 1


			Sogno - Site 1			S1 C9 			42			4.64			Unit 1


			Sogno - Site 1			S1 C9 			43			4.69			Unit 1			3.32						-2.11			57.66


			Sogno - Site 1			S1 C9 			44			4.78			Unit 1


			Sogno - Site 1			S1 C9			45			4.83			Unit 2


			Sogno - Site 1			S1 C9			46			4.89			Unit 2			3.21						-2.26			64.23


			Sogno - Site 1			S1 C9			47			4.94			Unit 2


			Sogno - Site 1			S1 C9			48			5.01			Unit 2


			Sogno - Site 1			S1 C9			49			5.07			Unit 2


			Sogno - Site 1			S1 C10			50			5.13			Unit 2			2.63						-3.20			41.32


			Sogno - Site 1			S1 C10			51			5.24			Unit 2			2.87						-2.81			46.70


			Sogno - Site 1			S1 C10			52			5.29			Unit 2


			Sogno - Site 1			S1 C10			54			5.42			Unit 2


			Sogno - Site 1			S1 C11			55			5.45			Unit 2


			Sogno - Site 1			S1 C11			56			5.50			Unit 2			3.32						-2.14			63.04


			Sogno - Site 1			S1 C11			57			5.55			Unit 2


			Sogno - Site 1			S1 C11			58			5.60			Unit 2


			Sogno - Site 1			S1 C11			59			5.65			Unit 2


			Sogno - Site 1			S1 C11			60			5.70			Unit 2			3.39						-1.93			65.20


			Sogno - Site 1			S1 C11			61			5.75			Unit 2


			Sogno - Site 1			S1 C11			62			5.80			Unit 2


			Sogno - Site 1			S1 C11			63			5.87			Unit 2


			Sogno - Site 1			S1 C11			64			5.91			Unit 2			2.16			-24.6500732			-2.96			27.27


			Sogno - Site 1			S1 C11			65			5.96			Unit 2


			Sogno - Site 1			S1 C11			66			6.02			Unit 2


			Sogno - Site 1			S1 C12			67			6.08			Unit 2


			Sogno - Site 1			S1 C12			68			6.14			Unit 2			3.26						-2.02			61.79


			Sogno - Site 1			S1 C13			70			6.22			Unit 2


			Sogno - Site 1			S1 C14			71			6.28			Unit 2


			Sogno - Site 1			S1 C14			72			6.33			Unit 2			3.32						-2.07			65.52


			Sogno - Site 1			S1 C15			73			6.38			Unit 2


			Sogno - Site 1			S1 C15			74			6.41			Unit 2


			Sogno - Site 1			S1 C15			75			6.50			Unit 2


			Sogno - Site 1			S1 C16			76			6.58			Unit 2			1.81			-30.9229564			-2.63			14.73


			Sogno - Site 1			S1 C16			77			6.63			Unit 2


			Sogno - Site 1			S1 C17			78			6.71			Unit 2


			Sogno - Site 1			S1 C17			79			6.76			Unit 2			3.08			-24.3539464			-2.51			45.79


			Sogno - Site 1			S1 C17			80			6.81			Unit 2


			Sogno - Site 1			S1 C17			81 			6.86			Unit 2


			Sogno - Site 1			S1 C17			82			6.91			Unit 2


			Sogno - Site 1			S1 C17			83			6.96			Unit 2			3.04						-2.27			59.61


			Sogno - Site 1			S1 C17			84			7.01			Unit 2


			Sogno - Site 1			S1 C17			85			7.07			Unit 2


			Sogno - Site 1			S1 C17			86			7.12			Unit 2


			Sogno - Site 1			S1 C17			87			7.17			Unit 2


			Sogno - Site 1			S1 C18			88			7.22			Unit 2			3.22						-2.20			60.04


			Sogno - Site 1			S1 C18			89			7.28			Unit 2


			Sogno - Site 1			S1 C18			90			7.33			Unit 2


			Sogno - Site 1			S1 C18			91			7.38			Unit 2			2.98						-2.46			62.27


			Sogno - Site 1			S1 C18			92			7.44			Unit 2


			Sogno - Site 1			S1 C18			93			7.48			Unit 2


			Sogno - Site 1			S1 C18			94			7.53			Unit 2


			Sogno - Site 1			S1 C18			95			7.58			Unit 2			2.32						-2.88			40.21


			Sogno - Site 1			S1 C18			96			7.62			Unit 2


			Sogno - Site 1			S1 C18			97			7.67			Unit 2


			Sogno - Site 1			S1 C18			98			7.72			Unit 2


			Sogno - Site 1			S1 C18			99			7.76			Unit 2			1.32						-2.60			69.16


			Sogno - Site 1			S1 C18			100			7.81			Unit 2


			Sogno - Site 1			S1 C18			101			7.86			Unit 2


			Sogno - Site 1			S1 C19			102			7.93			Unit 2


			Sogno - Site 1			S1 C19			103			7.98			Unit 2			2.70						-2.44			64.25


			Sogno - Site 1			S1 C19			104			8.03			Unit 2


			Sogno - Site 1			S1 C19			105			8.07			Unit 2


			Sogno - Site 1			S1 C19			106			8.12			Unit 2


			Sogno - Site 1			S1 C19			107			8.17			Unit 2												64.14


			Sogno - Site 1			S1 C19			108			8.22			Unit 2


			Sogno - Site 1			S1 C19			109			8.29			Unit 2


			Sogno - Site 1			S1 C19			110			8.34			Unit 2


			Sogno - Site 1			S1 C19			111			8.39			Unit 2			2.79						-2.05			77.20


			Sogno - Site 1			S1 C19			112			8.44			Unit 2


			Sogno - Site 1			S1 C20			113			8.49			Unit 2


			Sogno - Site 1			S1 C20			114			8.54			Unit 2			2.46						-2.31			67.88


			Sogno - Site 1			S1 C20			115			8.58			Unit 2


			Sogno - Site 1			S1 C20			116			8.62			Unit 2


			Sogno - Site 1			S1 C20			117			8.66			Unit 2


			Sogno - Site 1			S1 C20			118			8.71			Unit 2


			Sogno - Site 1			S1 C20			119			8.78			Unit 2			2.24						-2.56			54.11


			Sogno - Site 1			S1 C20			120			8.82			Unit 2


			Sogno - Site 1			S1 C20			121			8.86			Unit 2


			Sogno - Site 1			S1 C20			122			8.90			Unit 2			2.42						-2.38			59.27


			Sogno - Site 1			S1 C20			123			8.94			Unit 2


			Sogno - Site 1			S1 C20			124			8.98			Unit 2


			Sogno - Site 1			S1 C21			125			9.02			Unit 2


			Sogno - Site 1			S1 C21			126			9.06			Unit 2			1.86						-2.93			49.64


			Sogno - Site 1			S1 C21			127			9.10			Unit 2


			Sogno - Site 1			S1 C21			128			9.13			Unit 2


			Sogno - Site 1			S1 C21			129			9.17			Unit 2


			Sogno - Site 1			S1 C21			130			9.21			Unit 2			2.34						-2.07			71.38


			Sogno - Site 1			S1 C21			131			9.25			Unit 2


			Sogno - Site 1			S1 C21			132			9.28			Unit 2


			Sogno - Site 1			S1 C21			133			9.34			Unit 2


			Sogno - Site 1			S1 C21			134			9.38			Unit 2			2.18						-2.27			62.57


			Sogno - Site 1			S1 C21			135			9.42			Unit 2


			Sogno - Site 1			S1 C21			136			9.45			Unit 2


			Sogno - Site 1			S1 C21			137			9.49			Unit 2


			Sogno - Site 1			S1 C21			138			9.53			Unit 2			1.82						-2.51			58.86


			Sogno - Site 1			S1 C21			139			9.58			Unit 3


			Sogno - Site 1			S1 C22			140			9.65			Unit 3


			Sogno - Site 1			S1 C22			141			9.69			Unit 3			2.05						-2.24			70.77


			Sogno - Site 1			S1 C22			142			9.73			Unit 3


			Sogno - Site 1			S1 C22			143			9.76			Unit 3


			Sogno - Site 1			S1 C22			144			9.80			Unit 3


			Sogno - Site 1			S1 C22			145			9.84			Unit 3			2.08						-2.18			45.39


			Sogno - Site 1			S1 C23			146			9.85			Unit 3


			Sogno - Site 1			S1 C23			147			9.88			Unit 3


			Sogno - Site 1			S1 C23			148			9.92			Unit 3


			Sogno - Site 1			S1 C23			149			9.95			Unit 3


			Sogno - Site 1			S1 C23			150			9.99			Unit 3			1.84						-2.16			68.23


			Sogno - Site 1			S1 C23			151			10.02			Unit 3												69.07


			Sogno - Site 1			S1 C23			152			10.07			Unit 3


			Sogno - Site 1			S1 C23			153			10.11			Unit 3


			Sogno - Site 1			S1 C23			154			10.14			Unit 3			1.70						-2.39


			Sogno - Site 1			S1 C23			155			10.20			Unit 3


			Sogno - Site 1			S1 C24			156			10.22			Unit 3


			Sogno - Site 1			S1 C24			157			10.28			Unit 3			1.10						-2.81			48.79


			Sogno - Site 1			S1 C24			158			10.31			Unit 3


			Sogno - Site 1			S1 C24			159			10.33			Unit 3


			Sogno - Site 1			S1 C24			160			10.36			Unit 3


			Sogno - Site 1			S1 C24			161			10.39			Unit 3			1.57						-2.16


			Sogno - Site 1			S1 C24			162			10.42			Unit 3


			Sogno - Site 1			S1 C24			163			10.44			Unit 3


			Sogno - Site 1			S1 C24			164			10.47			Unit 3												71.39


			Sogno - Site 1			S1 C25			165			10.55			Unit 4			1.38						-2.55


			Sogno - Site 1			S1 C25			166			10.59			Unit 4


			Sogno - Site 1			S1 C25			167			10.65			Unit 4			1.47			-27.5477365			-2.83			27.98


			Sogno - Site 1			S1 C25			168			10.71			Unit 4


			Sogno - Site 1			S1 C25			169			10.76			Unit 4


			Sogno - Site 1			S1 C25			170			10.83			Unit 4			1.24						-2.69			41.02


			Sogno - Site 1			S1 C25			171			10.87			Unit 4


			Sogno - Site 1			S1 C25			173			10.95			Unit 4			1.16						-3.51			59.29


			Sogno - Site 1			S1 C25			174			10.99			Unit 4


			Sogno - Site 1			S1 C25			172			10.99			Unit 4


			Sogno - Site 1			S1 C25			175			11.03			Unit 4


			Sogno - Site 1			S1 C26			176			11.08			Unit 4			1.18			-28.2494736			-2.96			53.59


			Sogno - Site 1			S1 C26			177			11.12			Unit 4


			Sogno - Site 1			S1 C26			178			11.16			Unit 4


			Sogno - Site 1			S1 C26			179			11.20			Unit 4			1.26						-2.79			47.38


			Sogno - Site 1			S1 C29			179 a			11.25			Unit 4			1.06						-3.41			49.84			2.21


			Sogno - Site 1			S1 C29			179 b 			11.31			Unit 4			1.16						-2.95			32.93			2.24


			Sogno - Site 1			S1 C30			180			11.38			Unit 4			1.00						-3.05			47.30


			Sogno - Site 1			S1 C30			181			11.41			Unit 4


			Sogno - Site 1			S1 C30			182			11.44			Unit 4


			Sogno - Site 1			S1 C30			183			11.46			Unit 4			1.08						-2.90			35.32


			Sogno - Site 1			S1 C30			183 a 			11.51			Unit 4			0.77						-3.05			17.27			0.58


			Sogno - Site 1			S1 C31			184			11.57			Unit 4			1.02						-3.20			38.79


			Sogno - Site 1			S1 C31			185			11.59			Unit 4


			Sogno - Site 1			S1 C31			186			11.62			Unit 4


			Sogno - Site 1			S1 C31			187			11.64			Unit 4			0.88			-30.4818943			-2.98			33.29


			Sogno - Site 1			S1 C32			188			11.73			Unit 4			0.90			-30.6622814			-2.86			35.71


			Sogno - Site 1			S1 C32			189			11.75			Unit 4


			Sogno - Site 3			S3 C1			300			11.77			Unit 4			1.00			-29.7394919			-3.16			26.46			0.25


			Sogno - Site 1			S1 C32			190			11.77			Unit 4												35.75


			Sogno - Site 1			S1 C32			191			11.80			Unit 4			0.88						-2.92			55.52


			Sogno - Site 3			S3 C1			301			11.85			Unit 4			0.73			-29.7655594			-3.48			18.88			0.50


			Sogno - Site 1			S1 C32			192			11.86			Unit 4			0.87			-28.4778249			-2.92			35.77


			Sogno - Site 1			S1 C32			193			11.90			Unit 5												33.70


			Sogno - Site 3			S3 C1			302			11.90			Unit 5			0.76			-31.2180405			-3.25			26.46			1.13


			Sogno - Site 1			S1 C32			194			11.94			Unit 5						-32.2263314						34.34


			Sogno - Site 3			S3 C1			303			11.97			Unit 5			0.94			-31.9239484			-4.00			21.00			1.45


			Sogno - Site 3			S3 C1			303 a 			12.08			Unit 5			0.55			-31.7602445			-3.03			38.80			1.52


			Sogno - Site 3			S3 C2			304			12.11			Unit 5			0.76			-32.1231041			-3.22			38.89			1.51


			Sogno - Site 3			S3 C2			304 a			12.15			Unit 5			0.73			-32.6632227			-3.23			20.52			1.65


			Sogno - Site 3			S3 C2			304 b 			12.33			Unit 5			0.70			-32.5850202			-3.37			18.25			1.28


			Sogno - Site 3			S3 C3			305			12.42			Unit 5			0.52			-33.7424172			-4.44			17.34			1.56


			Sogno - Site 3			S3 C3			306			12.51			Unit 5			-0.16			-31.5485764			-4.12			22.59			0.73


			Sogno - Site 3			S3 C3			307			12.58			Unit 5			0.22			-33.5943538			-3.46			18.04			1.74


			Sogno - Site 3			S3 C3			308			12.64			Unit 5			0.16			-32.5860629			-3.40			23.43			2.45


			Sogno - Site 3			S3 C4			308 a 			12.72			Unit 5			0.50			-32.9583068			-3.19			25.36			1.92


			Sogno - Site 3			S3 C4			309			12.77			Unit 5			0.40			-32.7581084			-3.25			25.02			1.71


			Sogno - Site 3			S3 C4			309 a			12.87			Unit 5			0.43			-32.3358149			-2.88			30.93			1.46


			Sogno - Site 3			S3 C4			310			12.91			Unit 5			0.67			-31.9448024			-3.08			39.43			1.33


			Sogno - Site 3			S3 C4			310 a			12.95			Unit 5			0.49			-32.172111			-3.04			31.36			1.59


			Sogno - Site 3			S3 C4			311			13.03			Unit 5			0.58			-32.683034			-3.27			21.88			1.96


			Sogno - Site 3			S3 C4			311 a			13.14			Unit 5			0.42			-32.6580092			-3.50			21.70			1.83


			Sogno - Site 3			S3 C5			311 b 			13.19			Unit 5			0.09			-31.8436605			-3.60			23.25			0.99


			Sogno - Site 3			S3 C5			312			13.25			Unit 5			0.32			-31.2785171			-2.96			31.54			0.44


			Sogno - Site 3			S3 C5			312 a			13.32			Unit 5			0.23			-32.4515546			-2.95			34.38			1.28


			Sogno - Site 3			S3 C5			313			13.42			Unit 5			0.59			-32.6819913			-2.91			22.57			1.37


			Sogno - Site 3			S3 C5			314			13.50			Unit 5			0.20			-31.8811977			-3.85			27.63			1.30


			Sogno - Site 3			S3 C5			315			13.61			Unit 5			0.51			-31.7337524			-3.37			32.36			0.59


			Sogno - Site 3			S3 C5			315 a 			13.70			Unit 5			-0.48			-32.2784812			-2.54			36.86			1.19


			Sogno - Site 3			S3 C6			316			13.80			Unit 5			0.34			-32.4267568			-3.38			31.00			1.40


			Sogno - Site 3			S3 C6			316 a 			13.87			Unit 5			0.56			-32.9252152			-3.38			23.79			1.33


			Sogno - Site 3			S3 C6			317			13.95			Unit 5			0.36			-30.5159996			-2.90			25.60			0.42


			Sogno - Site 3			S3 C6			317 a 			14.03			Unit 5			0.73			-30.620108			-3.08			20.11			0.32


			Sogno - Site 3			S3 C6			317 b 			14.04			Unit 5			-0.06			-31.1080504			-3.02			17.57			0.41


			Sogno - Site 3			S3 C6			317 c 			14.19			Unit 5			-1.54						-2.54			32.57			0.66


			Sogno - Site 3			S3 C6			318			14.23			Unit 5			0.53						-3.27			9.09			0.38


			Sogno - Site 3			S3 C6			318a			14.32			Unit 5


			Sogno - Site 3			S3 C7			318 b 			14.42			Unit 5			-3.48			-31.939866			-2.04			24.86			1.09


			Sogno - Site 3			S3 C7			318 c 			14.53			Unit 5			0.45						-3.24			20.16			1.46


			Sogno - Site 3			S3 C7			319			14.58			Unit 6			0.08			-30.094308			-3.27			23.27			0.29


			Sogno - Site 3			S3 C7			320			14.63			Unit 6			0.14			-30.2604608			-3.43			20.80			0.32


			Sogno - Site 3			S3 C7			320 a 			14.68			Unit 6			-2.33			-30.6558624			-1.86			21.16			0.48


			Sogno - Site 3			S3 C7			320 b 			14.80			Unit 6			-3.75			-30.3393308			-2.46			16.05			0.79


			Sogno - Site 3			S3 C7			320 c 			14.88			Unit 6			0.47			-32.2195916			-3.07			14.86			1.38


			Sogno - Site 3			S3 C8			320 d 			14.91			Unit 6			-0.17			-32.7453916			-3.52			17.89			0.94


			Sogno - Site 3			S3 C8			321			14.94			Unit 6			0.34			-27.8544			-3.33			29.30			0.40


			Sogno - Site 3			S3 C8			322			15.00			Unit 6			0.37			-28.2235116			-3.40			29.55			0.05


			Sogno - Site 3			S3 C8			322 a 			15.11			Unit 6			0.58			-28.2287696			-3.51			29.16			0.06


			Sogno - Site 3			S3 C8			322 b 			15.26			Unit 6			0.62						-2.63			18.73			0.20


			Sogno - Site 3			S3 C8			322 c 			15.35			Unit 6			0.45			-29.6968032			-2.96			19.38			0.26


			Sogno - Site 3			S3 C8			322 d			15.41			Unit 6			0.28			-28.7040928			-3.16			15.54			0.10


			Sogno - Site 3			S 3 C9			322 e 			15.50			Unit 6			0.20			-29.910278			-3.58			17.05			0.18


			Sogno - Site 3			S 3 C9			322 f 			15.62			Unit 6			-2.12			-28.0405332			-2.06			21.91			0.66


			Sogno - Site 3			S 3 C9			322 g			15.68			Unit 6			-0.67			-32.7201532			-3.86			8.88			1.08


			Sogno - Site 3			S3C10			322 h 			15.86			Unit 6			0.42			-28.8397492			-3.25			11.41			0.28


			Sogno - Site 3			S3C10			322 i			15.95			Unit 7			0.84			-27.307568			-3.19			20.34			0.11


			Sogno - Site 3			S3C10			322 j			16.03			Unit 7			0.44						-2.86			9.36			0.10


			Sogno - Site 3			S3C10			322 k			16.13			Unit 7			-0.83			-29.2088608			-3.95			8.16			0.30


			Sogno - Site 3			S3C10			322 l			16.21			Unit 7			0.43			-30.0143864			-2.95			7.43			0.34


			Sogno - Site 3			S3C10			322 m			16.29			Unit 7			1.05			-27.0005008			-2.99			30.52			0.12


			Sogno - Site 3			S3C10			322 n 			16.36			Unit 7			0.34						-3.11			8.57			0.12


			Sogno - Site 3			S3 C11			322 o			16.45			Unit 7			0.61			-27.8091812			-3.14			5.54			0.15


			Sogno - Site 3			S3 C11			322 p			16.55			Unit 7			1.32			-27.665112			-3.28			45.05			0.15


			Sogno - Site 3			S3 C11			322 q			16.70			Unit 7						-28.069978						5.94			0.14


			Sogno - Site 3			S3 C11			323			16.78			Unit 7			1.77			-24.5281892			-2.76			36.95			0.09


			Sogno - Site 3			S3 C11			324			16.79			Unit 7			2.07			-24.4114616			-2.51			42.95			0.11


			Sogno - Site 3			S3 C11			325			16.88			Unit 8			1.91			-25.0870418			-2.67			44.07			0.11


			Sogno - Site 3			S3 C11			326			16.95			Unit 8			1.81						-3.05			39.75			0.22


			Sogno - Site 3			S3 C12			327			17.01			Unit 8			1.87						-3.22			29.48			0.09


			Sogno - Site 3			S3 C12			328			17.06			Unit 8			1.54						-3.45			32.71			0.18


			Sogno - Site 3			S3 C12			329			17.11			Unit 8			1.53						-3.36			35.80			0.78


			Sogno - Site 3			S3 C12			330			17.16			Unit 8			2.20						-2.59			50.73			0.58


			Sogno - Site 3			S3 C12			331			17.22			Unit 8			2.71			-25.215626			-1.96			65.29			0.30


			Sogno - Site 3			S3 C12			332			17.27			Unit 8			2.36						-1.74			68.40			0.44


			Sogno - Site 3			S3 C13			333			17.32			Unit 8			2.30						-2.31			64.59			0.26


			Sogno - Site 3			S3 C13			334			17.39			Unit 8												48.80			0.24


			Sogno - Site 3			S3 C13			335			17.45			Unit 8			2.54						-1.66			50.59			0.13


			Sogno - Site 3			S3 C13			336			17.50			Unit 8


			Sogno - Site 3			S3 C13			337			17.58			Unit 8			1.48						-2.21


			Sogno - Site 3			S3 C13			338			17.64			Unit 8


			Sogno - Site 3			S3 C14			339			17.71			Unit 8


			Sogno - Site 3			S3 C14			340			17.76			Unit 8


			Sogno - Site 3			S3 C14			341			17.80			Unit 8


			Sogno - Site 3			S3 C14			342			17.85			Unit 8


			Sogno - Site 3			S3 C14			343			17.90			Unit 8			1.61			-25.022227			-2.33


			Sogno - Site 3			S3 C14			344			17.95			Unit 8


			Sogno - Site 3			S3 C14			345			18.00			Unit 8


			Sogno - Site 3			S3 C14			346			18.06			Unit 8			2.26						-2.01			49.80


			Sogno - Site 3			S3 C14			347			18.10			Unit 8


			Sogno - Site 3			S3 C14			348			18.15			Unit 8


			Sogno - Site 3			S3 C14			349			18.20			Unit 8


			Sogno - Site 3			S3 C14			350			18.25			Unit 8			2.74						-1.82			61.48


			Sogno - Site 3			S3 C14			351			18.30			Unit 8


			Sogno - Site 3			S3 C15			352			18.43			Unit 8


			Sogno - Site 3			S3 C15			353			18.48			Unit 8			2.49						-1.77			71.11


			Sogno - Site 3			S3 C15			354			18.55			Unit 8


			Sogno - Site 3			S3 C15			355			18.60			Unit 8


			Sogno - Site 3			S3 C15			356			18.65			Unit 8			2.54						-1.57			70.77


			Sogno - Site 3			S3 C15			357			18.71			Unit 8


			Sogno - Site 3			S3 C15			358			18.76			Unit 8


			Sogno - Site 3			S3 C15			359			18.82			Unit 8


			Sogno - Site 3			S3 C15			360			18.87			Unit 8


			Sogno - Site 3			S3 C15			361			18.92			Unit 8			2.68						-1.65			67.13


			Sogno - Site 3			S3 C15			362			18.99			Unit 8


			Sogno - Site 3			S3 C15			363			19.04			Unit 8


			Sogno - Site 3			S3 C16			364			19.12			Unit 9


			Sogno - Site 3			S3 C16			365			19.19			Unit 9			2.07						-2.27			46.80


			Sogno - Site 3			S3 C16			366			19.25			Unit 9


			Sogno - Site 3			S3 C16			367			19.31			Unit 9			2.59						-1.39			69.89


			Sogno - Site 3			S3 C16			368			19.37			Unit 9


			Sogno - Site 3			S3 C16			369			19.43			Unit 9


			Sogno - Site 3			S3 C16			369 a			19.51			Unit 10			1.93			-24.7671494			-1.66			65.43			0.15


			Sogno - Site 3			S3 C16			370			19.70			Unit 10


			Sogno - Site 3			S3 C16			371			19.76			Unit 10


			Sogno - Site 3			S3 C16			372			19.82			Unit 10


			Sogno - Site 3			S3 C17			373			19.91			Unit 10


			Sogno - Site 3			S3 C17			374			20.08			Unit 10


			Sogno - Site 3			S3 C17			375			20.15			Unit 10


			Sogno - Site 3			S3 C17			376			20.21			Unit 10			1.63						-1.19			81.55


			Sogno - Site 3			S3 C17			377			20.28			Unit 10


			Sogno - Site 3			S3 C17			378			20.39			Unit 10


			Sogno - Site 3			S3 C17			379			20.45			Unit 10			1.80						-1.44			84.55


			Sogno - Site 3			S3 C17			380			20.52			Unit 10


			Sogno - Site 3			S3 C17			381			20.58			Unit 10


			Sogno - Site 3			S3 C18			382			20.65			Unit 10


			Sogno - Site 3			S3 C18			383			20.72			Unit 10			1.85						-2.06			58.27


			Sogno - Site 3			S3 C18			384			20.78			Unit 10


			Sogno - Site 3			S3 C18			384 a			20.88			Unit 10			1.50			-26.2474358			-1.27			82.63			0.00


			Sogno - Site 3			S3 C18			385			20.98			Unit 10			1.71						-1.97			84.36


			Sogno - Site 3			S3 C18			386			21.05			Unit 10


			Sogno - Site 3			S3 C18			387			21.11			Unit 10


			Sogno - Site 3			S3 C19			388			21.17			Unit 10


			Sogno - Site 3			S3 C19			389			21.23			Unit 10			1.62						-1.15			84.04


			Sogno - Site 3			S3 C19			390			21.28			Unit 10


			Sogno - Site 3			S3 C19			391			21.34			Unit 10


			Sogno - Site 3			S3 C19			392			21.40			Unit 11


			Sogno - Site 3			S3 C19			393			21.46			Unit 11			2.00						-1.07			85.05


			Sogno - Site 3			S3 C19			394			21.52			Unit 11


			Sogno - Site 3			S3 C19			395			21.58			Unit 11


			Sogno - Site 3			S3 C19			396			21.64			Unit 11


			Sogno - Site 3			S3 C19			397			21.70			Unit 11			1.99						-1.27			86.96


			Sogno - Site 3			S3 C19			398			21.78			Unit 11


			Sogno - Site 3			S3 C19			399			21.84			Unit 11


			Sogno - Site 3			S3 C20			400			21.90			Unit 11


			Sogno - Site 3			S3 C20			401			21.98			Unit 11			1.76						-1.32			85.07


			Sogno - Site 3			S3 C20			402			22.04			Unit 11


			Sogno - Site 3			S3 C20			403			22.11			Unit 11


			Sogno - Site 3			S3 C20			404			22.18			Unit 11


			Sogno - Site 3			S3 C20			405			22.24			Unit 11			1.99						-0.92			80.16


			Sogno - Site 3			S3 C20			406			22.31			Unit 11


			Sogno - Site 3			S3 C20			407			22.37			Unit 11


			Sogno - Site 3			S3 C20			408			22.43			Unit 11


			Sogno - Site 3			S3 C20			409			22.50			Unit 11			1.72			-26.8140426			-1.20			84.50


			Sogno - Site 3			S3 C20			410			22.56			Unit 11


			Sogno - Site 3			S3 C21			411			22.65			Unit 11


			Sogno - Site 3			S3 C21			412			22.71			Unit 11			1.77						-1.14			81.46


			Sogno - Site 3			S3 C21			413			22.77			Unit 11


			Sogno - Site 3			S3 C21			414			22.83			Unit 11


			Sogno - Site 3			S3 C21			415			22.89			Unit 11


			Sogno - Site 3			S3 C21			416			22.95			Unit 12			2.13						-1.87			48.39


			Sogno - Site 3			S3 C21			417			23.01			Unit 12


			Sogno - Site 3			S3 C21			418			23.06			Unit 12


			Sogno - Site 3			S3 C22			419			23.16			Unit 12			2.03			-25.6003332			-1.77			64.79


			Sogno - Site 3			S3 C22			420			23.22			Unit 12


			Sogno - Site 3			S3 C22			421			23.27			Unit 12


			Sogno - Site 3			S3 C22			422			23.33			Unit 12


			Sogno - Site 3			S3 C22			423			23.42			Unit 12


			Sogno - Site 3			S3 C22			424			23.47			Unit 12


			Sogno - Site 3			S3 C22			425			23.55			Unit 12


			Sogno - Site 3			S3 C23			426			23.60			Unit 12


			Sogno - Site 3			S3 C23			427			23.65			Unit 12			2.24						-1.74			72.29


			Sogno - Site 3			S3 C23			428			23.70			Unit 12


			Sogno - Site 3			S3 C23			429			23.74			Unit 12


			Sogno - Site 3			S3 C23			430			23.79			Unit 12


			Sogno - Site 3			S3 C23			431			23.84			Unit 12			2.02						-1.82			65.88


			Sogno - Site 3			S3 C23			432			23.89			Unit 12


			Sogno - Site 3			S3 C23			433			23.93			Unit 12


			Sogno - Site 3			S3 C23			434			23.98			Unit 12			2.19						-1.44			65.18


			Sogno - Site 3			S3 C23			436			24.07			Unit 12


			Sogno - Site 3			S3 C23			437			24.12			Unit 12


			Sogno - Site 3			S3 C24			438			24.17			Unit 12


			Sogno - Site 3			S3 C24			439			24.22			Unit 12			1.75			-25.3452556			-1.52			57.36


			Sogno - Site 3			S3 C24			440			24.26			Unit 12


			Sogno - Site 3			S3 C24			441			24.38			Unit 13			1.60			-25.3170298			-1.57


			Sogno - Site 3			S3 C24			442			24.45			Unit 13


			Sogno - Site 3			S3 C24			443			24.50			Unit 13												36.23


			Sogno - Site 3			S3 C24			444			24.54			Unit 13


			Sogno - Site 3			S3 C24			445			24.58			Unit 13			1.74			-26.240118			-1.26			49.04


			Sogno - Site 3			S3 C24			446			24.63			Unit 13


			Sogno - Site 3			S3 C25			446 a 			24.69			Unit 13			0.67						-2.36			11.38			0.08


			Sogno - Site 3			S3 C28			447			25.09			Unit 14			1.15			-24.0771854			-2.12			24.84


			Sogno - Site 3			S3 C28			448			25.12			Unit 14


			Sogno - Site 3			S3 C28			449			25.15			Unit 14


			Sogno - Site 3			S3 C28			450			25.17			Unit 14			1.69						-1.42			68.30


			Sogno - Site 3			S3 C28			451			25.20			Unit 14


			Sogno - Site 3			S3 C28			452			25.23			Unit 14


			Sogno - Site 3			S3 C28			453			25.26			Unit 14


			Sogno - Site 3			S3 C28			454			25.29			Unit 14			1.46			-26.109443			-1.96			61.05


			Sogno - Site 3			S3 C28			455			25.32			Unit 14


			Sogno - Site 3			S3 C29			456			25.50			Unit 15			1.38						-2.01			65.34


			Sogno - Site 3			S3 C29			457			25.56			Unit 15


			Sogno - Site 3			S3 C29			458			25.62			Unit 15


			Sogno - Site 3			S3 C29			459			25.69			Unit 15			1.67						-1.74			71.91


			Sogno - Site 3			S3 C29			460			25.75			Unit 15


			Sogno - Site 3			S3 C29			461			25.81			Unit 15


			Sogno - Site 3			S3 C29			462			25.88			Unit 15


			Sogno - Site 3			S3 C29			463			26.00			Unit 15			1.80						-1.76			82.18


			Sogno - Site 3			S3 C29			464			26.06			Unit 15


			Sogno - Site 3			S3 C29			465			26.13			Unit 15


			Sogno - Site 3			S3 C30			466			26.20			Unit 15


			Sogno - Site 3			S3 C30			467			26.27			Unit 15			1.94						-1.40			82.07


			Sogno - Site 3			S3 C30			468			26.33			Unit 15


			Sogno - Site 3			S3 C30			469			26.39			Unit 15


			Sogno - Site 3			S3 C30			470			26.51			Unit 15			1.78						-1.78			83.63


			Sogno - Site 3			S3 C30			471			26.56			Unit 15


			Sogno - Site 3			S3 C30			472			26.62			Unit 15


			Sogno - Site 3			S3 C30			473			26.69			Unit 15			1.94						-1.45


			Sogno - Site 3			S3 C30			474			26.75			Unit 15


			Sogno - Site 3			S3 C30			475			26.80			Unit 15


			Sogno - Site 3			S3 C30			476			26.83			Unit 15			1.73						-1.35


























Gajum core data


			core name			core number			sample number (#)			strat. depth (metre)			lithostratigraphic unit (Erba et al. 2019)			δ13C carb (‰ VPDB)			δ13C org (‰ VPDB)			δ18O  (‰ VPDB)			CaCO3 (%)			TOC (%)


			Gajum 			GC 1			3			3.08			Unit 1			2.92			-27.51			-2.82			50.31			0.11


			Gajum 			GC 1			8			3.13			Unit 1			3.22						-2.27			72.89


			Gajum 			GC 1			13			3.18			Unit 1			2.65			-26.67			-3.72			41.96			0.06


			Gajum 			GC 1			18			3.29			Unit 1			3.01						-2.31			23.44


			Gajum 			GC 1			22			3.37			Unit 1			3.08						-1.95			41.58


			Gajum 			GC 1			26			3.45			Unit 1			3.33			-26.63			-1.88			56.68			0.06


			Gajum 			GC 1			30			3.53			Unit 1			2.88						-1.93			32.42


			Gajum 			GC 1			32			3.58			Unit 1			2.94						-2.35			19.02


			Gajum 			GC 1			36			3.65			Unit 1			3.11			-26.73			-2.10			48.10			0.06


			Gajum 			GC 1			40			3.73			Unit 1			2.97						-2.27			60.71


			Gajum 			GC 1			43			3.80			Unit 1			2.90						-2.74			40.60


			Gajum 			GC 1			44			3.82			Unit 1			3.01			-26.74			-2.19			41.49			0.07


			Gajum 			GC 1			46			3.87			Unit 1			1.54						-3.13			12.04


			Gajum 			GC 2			50			4.00			Unit 1			3.22						-1.71			38.44


			Gajum 			GC 2			56			4.09			Unit 1			3.36			-26.71			-2.09			56.92			0.04


			Gajum 			GC 2			60			4.16			Unit 1			3.55						-2.42			69.55


			Gajum 			GC 2			63			4.22			Unit 1			3.58						-1.58			69.74


			Gajum 			GC 2			67			4.30			Unit 1			2.20			-26.30			-3.67			16.93			0.08


			Gajum 			GC 2			71			4.40			Unit 2			3.58						-1.62			12.77


			Gajum 			GC 2			76			4.49			Unit 2			2.42						-3.50			28.47


			Gajum 			GC 2			81			4.61			Unit 2			3.17			-25.81			-1.50			66.45			0.06


			Gajum 			GC 2			85			4.69			Unit 2			2.66						-2.81			37.96


			Gajum 			GC 2			87			4.73			Unit 2			3.22						-2.16			58.15


			Gajum 			GC 2			91			4.81			Unit 2			3.34			-26.51			-2.46			80.56			0.05


			Gajum 			GC 3			97			4.92			Unit 2			2.82						-2.24			51.66


			Gajum 			GC 3			100			4.98			Unit 2			2.84						-2.16			56.71


			Gajum 			GC 3			104			5.09			Unit 2			3.03			-26.49			-2.63			79.14			0.05


			Gajum 			GC 3			107			5.15			Unit 2			2.60						-3.11			29.46


			Gajum 			GC 3			112			5.25			Unit 2			2.65						-3.75			37.41


			Gajum 			GC 3			115			5.31			Unit 2			2.45			-24.62			-3.24			21.85			0.26


			Gajum 			GC 3			118			5.40			Unit 2			2.26						-3.48			20.12


			Gajum 			GC 3			120			5.47			Unit 2			2.23						-3.35			15.02


			Gajum 			GC 3			123			5.53			Unit 2			2.31			-24.86			-3.57			17.34			0.54


			Gajum 			GC 3			127			5.62			Unit 2			2.67						-2.46			48.56


			Gajum 			GC 3			131			5.71			Unit 2			2.54						-3.02			35.63


			Gajum 			GC 3			134			5.80			Unit 2			2.08			-24.64			-3.27			10.49			0.32


			Gajum 			GC 3			136			5.85			Unit 2			2.07						-4.64			17.28


			Gajum 			GC 4			137			5.87			Unit 2			2.44						-4.11			14.37


			Gajum 			GC 4			139			5.95			Unit 2			1.57			-24.78			-3.18			23.72			0.31


			Gajum 			GC 4			141			6.00			Unit 2			2.41						-3.49			17.21


			Gajum 			GC 4			143			6.09			Unit 2			2.56						-2.16			77.82


			Gajum 			GC 4			144			6.12			Unit 2			2.74			-26.49			-1.43			73.86			0.05


			Gajum 			GC 4			145			6.46			Unit 2			2.48						-2.82			30.47


			Gajum 			GC 4			148			6.58			Unit 2			2.62						-1.93			61.40


			Gajum 			GC 4			151			6.65			Unit 2			2.58			-24.99			-2.11			51.07			0.22


			Gajum 			GC 5			153			6.70			Unit 2			1.86						-3.66			14.74


			Gajum 			GC 5			158			6.80			Unit 2			2.03						-3.66			14.43


			Gajum 			GC 5			160			6.84			Unit 2			2.54			-24.94			-2.35			38.86			0.12


			Gajum 			GC 5			164			6.92			Unit 2			2.62						-1.68			71.82


			Gajum 			GC 5			169			7.06			Unit 2			2.42						-1.74			81.76


			Gajum 			GC 5			172			7.13			Unit 2			2.26			-24.84			-3.23			23.73			0.25


			Gajum 			GC 5			176			7.21			Unit 2			2.10						-3.71			23.68


			Gajum 			GC 5			179			7.29			Unit 2			2.00						-3.75			11.64


			Gajum 			GC 5			182			7.34			Unit 2			2.00			-24.64			-3.55			14.33			0.21


			Gajum 			GC 5			188			7.47			Unit 2			2.51						-2.64			32.26


			Gajum 			GC 5			191			7.53			Unit 2			2.63						-2.40			76.99


			Gajum 			GC 6			196			7.65			Unit 3			2.33			-24.34			-2.92			29.39			0.17


			Gajum 			GC 6			203			7.78			Unit 3			2.64						-2.29			85.79


			Gajum 			GC 6			205			7.82			Unit 3			2.46						-2.11			71.53


			Gajum 			GC 6			209			7.90			Unit 3			2.35			-24.99			-3.05			34.07			0.20


			Gajum 			GC 6			213			7.99			Unit 3			2.18						-3.22			30.52


			Gajum 			GC 6			216			8.03			Unit 3			2.19						-3.49			27.56


			Gajum 			GC 6			221			8.14			Unit 3			2.39			-25.15			-3.00			25.56			0.10


			Gajum 			GC 6			225			8.23			Unit 3			2.45						-2.21			64.94


			Gajum 			GC 6			228			8.29			Unit 3			2.31						-1.97			72.88


			Gajum 			GC 6			231			8.36			Unit 3			2.35			-26.77			-2.06			77.60			0.05


			Gajum 			GC 6			236			8.45			Unit 3			2.11						-2.38			58.75


			Gajum 			GC 6			240			8.52			Unit 3			1.92						-2.57			56.50


			Gajum 			GC 7			244			8.59			Unit 3			1.85			-27.24			-2.01			75.63			0.05


			Gajum 			GC 7			247			8.64			Unit 3			2.08						-2.07			83.88


			Gajum 			GC 7			251			8.70			Unit 3			2.01						-1.72			59.56


			Gajum 			GC 7			254			8.76			Unit 3			1.72			-26.22			-2.68			38.29			0.21


			Gajum 			GC 7			257			8.83			Unit 3			1.91						-2.71			66.00


			Gajum 			GC 7			262			8.91			Unit 3			1.97						-3.02			52.94


			Gajum 			GC 7			266			9.01			Unit 3			1.87			-26.29			-1.93			70.44			0.08


			Gajum 			GC 7			269			9.07			Unit 3			1.75						-2.45			70.77


			Gajum 			GC 7			271			9.11			Unit 3			1.52						-3.07			45.48


			Gajum 			GC 7			275			9.15			Unit 3			1.51			-26.41			-2.82			34.12			0.24


			Gajum 			GC 7			280			9.28			Unit 3			1.40						-3.60			35.54


			Gajum 			GC 7			284			9.38			Unit 3			1.62						-1.98			75.92


			Gajum 			GC 8			288			9.48			Unit 3			1.33			-26.18			-3.04			35.21			0.20


			Gajum 			GC 8			292			9.56			Unit 3			1.31						-2.81			50.46


			Gajum 			GC 8			296			9.64			Unit 3			1.36						-2.45			78.88


			Gajum 			GC 8			300			9.71			Unit 3			1.32			-27.32			-2.61			72.89			0.06


			Gajum 			GC 8			303			9.77			Unit 3			1.12						-3.30			41.58


			Gajum 			GC 8			308			9.87			Unit 3			1.06						-2.88			54.80


			Gajum 			GC 8			312			9.95			Unit 3			1.22			-27.07			-2.53			74.43			0.08


			Gajum 			GC 8			315			10.00			Unit 3			1.13						-2.65			64.45


			Gajum 			GC 8			320			10.08			Unit 3			1.12						-3.02			64.52


			Gajum 			GC 8			325			10.19			Unit 3			0.71			-27.33			-3.83			44.16			0.20


			Gajum 			GC 8			329			10.27			Unit 3			0.79						-2.51			72.16


			Gajum 			GC 8			332			10.33			Unit 3			0.75						-2.76			47.60


			Gajum 			GC 9			334			10.38			Unit 3			0.80			-27.57			-2.57			72.29			0.06


			Gajum 			GC 9			338			10.46			Unit 3			0.72						-1.86			58.20


			Gajum 			GC 9			341			10.53			Unit 3			0.66						-2.64			40.31


			Gajum 			GC 9			344			10.60			Unit 4			0.39			-27.48			-3.92			16.08			0.20


			Gajum 			GC 9			346			10.69			Unit 4			0.49						-3.51			30.16


			Gajum 			GC 9			351			10.78			Unit 4			0.55						-3.61			15.75


			Gajum 			GC 9			352			10.80			Unit 4			0.55			-27.82			-3.74			25.79			0.33


			Gajum 			GC 9			355			10.87			Unit 4			0.52						-3.09			22.98


			Gajum 			GC 9			358			10.94			Unit 4			0.49						-3.33			20.61


			Gajum 			GC 9			362			11.01			Unit 4			0.46			-28.38			-1.99			12.06			0.52


			Gajum 			GC 9			367			11.10			Unit 4			0.45						-3.56			17.98


			Gajum 			GC 9			370			11.13			Unit 4			0.46						-3.61			16.10


			Gajum 			GC 9			375			11.28			Unit 4			0.29			-28.76			-3.22			42.57			0.50


			Gajum 			GC 10			377			11.32			Unit 4			0.23						-2.97			50.81


			Gajum 			GC 10			380			11.38			Unit 4			-0.01						-3.53			35.24


			Gajum 			GC 10			384			11.46			Unit 4			0.16			-28.70			-2.82			39.46			0.27


			Gajum 			GC 10			387			11.53			Unit 4			0.15						-3.53			44.82


			Gajum 			GC 10			392			11.62			Unit 4			0.02						-3.72			38.81


			Gajum 			GC 10			395			11.71			Unit 4			-0.00			-29.82			-3.32			59.12			0.29


			Gajum 			GC 10			398			11.78			Unit 4			0.06						-3.86			45.05


			Gajum 			GC 10			400			11.82			Unit 4			-0.04						-3.76			36.15


			Gajum 			GC 10			404			11.89			Unit 4			0.05			-28.59			-2.98			33.49			0.17


			Gajum 			GC 10			408			11.97			Unit 4			0.03						-3.69			51.92


			Gajum 			GC 10			412			12.05			Unit 4			-0.03						-3.49			37.91


			Gajum 			GC 10			417			12.15			Unit 4			0.04			-28.81			-3.24			45.53			0.21


			Gajum 			GC 10			420			12.21			Unit 4			0.13						-3.22			49.43


			Gajum 			GC 11			424			12.33			Unit 4			-0.13						-3.71			28.32


			Gajum 			GC 11			428			12.42			Unit 4			-0.13			-29.97			-3.70			27.92			0.60


			Gajum 			GC 11			433			12.53			Unit 4			-0.38						-3.78			24.39


			Gajum 			GC 11			435			12.58			Unit 4			-0.35						-3.80			29.71


			Gajum 			GC 11			439			12.66			Unit 4			-0.45			-30.25			-4.07			36.75			0.37


			Gajum 			GC 11			443			12.76			Unit 4			-0.53						-3.98			26.07


			Gajum 			GC 11			446			12.82			Unit 4			-0.41						-3.62			35.22


			Gajum 			GC 11			450			12.89			Unit 4			-0.37			-29.74			-4.08			27.98			0.40


			Gajum 			GC 11			453			12.95			Unit 4			-0.35						-3.51			36.19


			Gajum 			GC 12			456			13.19			Unit 4			-0.90						-4.11			18.35


			Gajum 			GC 12			459			13.24			Unit 4			-0.83			-30.90			-4.04			29.94			0.64


			Gajum 			GC 12			464			13.35			Unit 4			-0.74						-4.10			31.59


			Gajum 			GC 12			468			13.43			Unit 4			-1.10						-4.43			32.30


			Gajum 			GC 12			473			13.52			Unit 4			-1.08			-30.75			-3.78			34.12			0.49


			Gajum 			GC 12			477			13.60			Unit 4			-1.59						-3.37			44.41


			Gajum 			GC 12			482			13.69			Unit 4			-0.88						-3.94			36.66


			Gajum 			GC 12			485			13.74			Unit 4			-1.03			-31.73			-3.56			36.15			1.53


			Gajum 			GC 12			488			13.82			Unit 4			-1.21						-4.05			34.79


			Gajum 			GC 12			492			13.89			Unit 4			-1.26						-4.02			46.58


			Gajum 			GC 13			494			14.00			Unit 4			-1.23			-31.93			-3.60			22.46			1.88


			Gajum 			GC 13			497			14.08			Unit 4			-1.15						-4.15			15.94


			Gajum 			GC 13			501			14.17			Unit 4			-0.97						-4.09			14.94


			Gajum 			GC 13			506			14.28			Unit 4			-0.63			-32.07			-3.51			13.63			1.20


			Gajum 			GC 13			510			14.38			Unit 4			-1.34						-4.10			14.64


			Gajum 			GC 13			514			14.47			Unit 4			-1.43						-5.66			7.79


			Gajum 			GC 13			518			14.57			Unit 4			-1.28			-32.21			-3.74			12.93			1.51


			Gajum 			GC 13			522			14.67			Unit 4			-0.26						-3.38			13.77


			Gajum 			GC 13			526			14.76			Unit 4			-0.56						-4.25			10.81


			Gajum 			GC 13			530			14.86			Unit 4			-1.46			-33.15			-5.53			22.50			2.17


			Gajum 			GC 13			533			14.92			Unit 4			-1.78						-3.89			19.48


			Gajum 			GC 14			537			15.02			Unit 4			-2.01						-3.98			21.39


			Gajum 			GC 14			540			15.10			Unit 4			-1.69			-33.30			-4.19			14.21			2.13


			Gajum 			GC 14			544			15.21			Unit 4			-2.47						-3.81			20.69


			Gajum 			GC 14			548			15.31			Unit 4			-2.65						-4.15			38.00


			Gajum 			GC 14			551			15.38			Unit 4			-2.73			-31.97			-3.78			28.92			1.98


			Gajum 			GC 14			555			15.47			Unit 4			-2.69						-4.12			24.40


			Gajum 			GC 14			560			15.59			Unit 4			-2.22						-4.29			24.74


			Gajum 			GC 14			564			15.67			Unit 4			-2.00			-31.86			-4.74			20.48			2.14


			Gajum 			GC 14			568			15.79			Unit 4			-2.45						-4.00			27.24


			Gajum 			GC 14			572			15.88			Unit 4			-2.74						-3.57			34.00


			Gajum 			GC 14			576			15.97			Unit 4			-1.98			-32.22			-3.82			16.92			2.17


			Gajum 			GC 14			580			16.06			Unit 4			-3.38						-3.96			27.18


			Gajum 			GC 15			584			16.17			Unit 4			-1.74						-3.37			18.01


			Gajum 			GC 15			587			16.24			Unit 4			-1.83			-32.07			-3.40			20.82			1.95


			Gajum 			GC 15			592			16.36			Unit 4			-1.72						-3.07			15.18


			Gajum 			GC 15			595			16.45			Unit 4			-3.08						-2.55			50.43


			Gajum 			GC 15			599			16.55			Unit 4			-2.29			-31.25			-3.04			37.83			1.07


			Gajum 			GC 15			602			16.63			Unit 4			-1.67						-2.86			37.18


			Gajum 			GC 15			605			16.72			Unit 4			-1.89						-3.44			20.01


			Gajum 			GC 15			608			16.80			Unit 4			-1.72			-31.94			-3.58			15.28			1.80


			Gajum 			GC 15			615			16.97			Unit 4			-1.65						-3.83			10.90


			Gajum 			GC 15			619			17.05			Unit 4			-1.34						-3.78			5.48


			Gajum 			GC 16			623			17.15			Unit 4			-1.52			-32.02			-3.45			16.20			1.44


			Gajum 			GC 16			627			17.25			Unit 4			-2.04						-3.81			30.63


			Gajum 			GC 16			632			17.37			Unit 4			-1.96						-3.62			28.20


			Gajum 			GC 16			636			17.46			Unit 4			-2.18			-30.80			-2.99			35.68			0.50


			Gajum 			GC 16			640			17.55			Unit 4			-2.06						-4.45			13.60


			Gajum 			GC 16			643			17.63			Unit 4			-1.75						-3.64			17.10


			Gajum 			GC 16			646			17.73			Unit 4			-1.82			-32.76			-4.03			14.75			1.69


			Gajum 			GC 16			648			17.79			Unit 4			-2.16						-3.69			28.43


			Gajum 			GC 16			652			17.89			Unit 4			-1.95						-3.40			33.68


			Gajum 			GC 16			656			17.98			Unit 4			-2.37			-31.31			-3.51			33.84			1.09


			Gajum 			GC 16			661			18.11			Unit 4			-1.95						-3.62			30.29


			Gajum 			GC 16			663			18.16			Unit 4			-2.01						-4.16			28.94


			Gajum 			GC 17			669			18.30			Unit 4			-2.10			-31.13			-3.44			29.64			0.80


			Gajum 			GC 17			671			18.34			Unit 4			-2.07						-3.37			29.62


			Gajum 			GC 17			672			18.37			Unit 4			-2.17						-3.49			33.38


			Gajum 			GC 17			676			18.46			Unit 4			-2.39			-31.80			-3.41			33.87			1.12


			Gajum 			GC 17			679			18.53			Unit 4			-2.07						-3.07			30.83


			Gajum 			GC 17			687			18.73			Unit 4			-3.57			-31.12			-2.90			22.51			0.66


			Gajum 			GC 17			689			18.79			Unit 4			-8.97			-31.37			-2.56			56.98			0.41


			Gajum 			GC 17			693			18.88			Unit 4			-6.54			-31.40			-3.23			67.27			0.51


			Gajum 			GC 17			697			18.93			Unit 4			-2.43			-31.96			-3.05			33.82			1.26


			Gajum 			GC 17			702			19.11			Unit 4			-2.31			-32.05			-3.69			13.54			1.32


			Gajum 			GC 17			706			19.20			Unit 4			-1.90						-3.23			16.00


			Gajum 			GC 17			710			19.30			Unit 4			-1.83						-3.24			10.74


			Gajum 			GC 18			714			19.41			Unit 4			-2.34			-29.64			-3.41			21.55			0.23


			Gajum 			GC 18			717			19.50			Unit 4			-2.14						-3.13			15.63


			Gajum 			GC 18			720			19.61			Unit 4			-2.34						-3.42			18.12


			Gajum 			GC 18			724			19.71			Unit 4			-2.49			-30.99			-3.49			15.35			0.63


			Gajum 			GC 18			728			19.81			Unit 4			-2.09						-3.68			15.97


			Gajum 			GC 18			731			19.91			Unit 4			-1.97						-3.62			14.03


			Gajum 			GC 18			735			20.02			Unit 4			-2.27			-32.02			-4.00			17.81			1.62


			Gajum 			GC 18			738			20.10			Unit 4			-2.74						-3.62			17.94


			Gajum 			GC 18			741			20.17			Unit 4			-2.49						-3.58			16.79


			Gajum 			GC 18			744			20.25			Unit 4			-3.07			-30.13			-2.97			14.15			0.33


			Gajum 			GC 19			747			20.40			Unit 4			-2.69			-30.80			-3.31			14.91			0.45


			Gajum 			GC 19			750			20.48			Unit 4			-6.61			-30.74			-2.55			28.27			0.40


			Gajum 			GC 19			754			20.58			Unit 4			-5.99			-31.74			-3.52			47.16			1.10


			Gajum 			GC 19			758			20.70			Unit 4			-2.84			-30.89			-3.61			7.19			0.59


			Gajum 			GC 19			761			20.78			Unit 4			-2.33			-31.61			-3.41			12.02			1.22


			Gajum 			GC 19			765			20.87			Unit 4			-11.04			-30.87			-3.31			43.53			0.33


			Gajum 			GC 19			769			20.98			Unit 4			-5.28			-31.91			-3.05			19.05			1.17


			Gajum 			GC 19			773			21.07			Unit 4			-1.89			-32.61			-4.64			2.42			1.33


			Gajum 			GC 19			778			21.19			Unit 4			-2.56			-30.02			-3.31			14.21			0.54


			Gajum 			GC 19			782			21.30			Unit 4			-9.00			-30.60			-1.85			28.31			0.35


			Gajum 			GC 19			785			21.37			Unit 4			-12.52			-29.69			-2.10			34.69			0.21


			Gajum 			GC 20			788			21.61			Unit 5			-9.91			-29.22			-3.08			25.91			0.14


			Gajum 			GC 20			792			21.72			Unit 5			-12.34			-29.68			-2.10			28.72			0.17


			Gajum 			GC 20			795			21.80			Unit 5			-11.63			-31.11			-2.27			19.07			0.41


			Gajum 			GC 20			798			21.97			Unit 5			-12.40			-30.66			-2.21			26.00			0.47


			Gajum 			GC 20			804			22.07			Unit 5			-1.20			-28.71			-3.27			22.61			0.23


			Gajum 			GC 20			807			22.14			Unit 5			-1.80						-3.16			28.06


			Gajum 			GC 20			810			22.19			Unit 5			-1.61			-28.44			-3.30			15.79			0.18


			Gajum 			GC 20			812			22.32			Unit 5			-1.35						-4.52			30.74


			Gajum 			GC 21			816			22.51			Unit 5			-1.45						-3.28			32.94


			Gajum 			GC 21			821			22.63			Unit 5			-1.14			-29.42			-3.72			34.64			0.37


			Gajum 			GC 21			824			22.70			Unit 5			-1.27						-3.90			14.36


			Gajum 			GC 21			828			22.79			Unit 5			-1.13						-3.25			22.80


			Gajum 			GC 21			831			22.85			Unit 5			-1.16			-29.42			-2.96			20.98			0.39


			Gajum 			GC 21			834			22.92			Unit 5			-1.17						-3.33			23.75


			Gajum 			GC 22			837			23.00			Unit 5			-1.88						-3.54			36.86


			Gajum 			GC 22			841			23.09			Unit 5			-1.22			-28.65			-2.97			17.91			0.20


			Gajum 			GC 22			845			23.18			Unit 5			-1.31						-3.45			17.93


			Gajum 			GC 22			848			23.25			Unit 5			-1.31						-3.71			19.88


			Gajum 			GC 22			854			23.39			Unit 5			-1.65			-29.40			-3.66			16.69			0.33


			Gajum 			GC 22			856			23.43			Unit 5			-1.99			-29.31			-3.91			21.17			0.23


			Gajum 			GC 22			859			23.51			Unit 5			-6.30			-30.53			-4.02			33.65			0.78


			Gajum 			GC 22			864			23.64			Unit 5			-9.01			-28.07			-3.58			22.05			0.10


			Gajum 			GC 22			867			23.71			Unit 5			-11.18			-29.16			-2.67			38.99			0.09


			Gajum 			GC 22			872			23.82			Unit 5			-3.92			-30.35			-3.32			19.85			0.62


			Gajum 			GC 22			876			23.91			Unit 5			-9.22			-30.59			-2.85			41.79			0.35


			Gajum 			GC 22			878			23.96			Unit 5			-5.36			-30.39			-2.68			30.01			0.54


			Gajum 			GC 23			881			24.06			Unit 5			-5.77			-30.42			-3.01			24.05			0.58


			Gajum 			GC 23			884			24.13			Unit 5			-6.01			-30.48			-2.88			35.71			0.60


			Gajum 			GC 23			886			24.25			Unit 5			-4.04			-30.41			-2.79			15.59			0.72


			Gajum 			GC 23			889			24.32			Unit 5			-9.35			-30.77			-1.84			31.96			0.41


			Gajum 			GC 23			894			24.42			Unit 5			-10.27			-28.42			-2.18			21.37			0.12


			Gajum 			GC 23			898			24.51			Unit 5			-9.70			-29.13			-3.23			13.48			0.16


			Gajum 			GC 23			902			24.59			Unit 5			-8.18			-31.06			-3.03			52.97			0.73


			Gajum 			GC 23			905			24.67			Unit 5			-6.51			-31.50			-3.24			40.33			0.90


			Gajum 			GC 23			909			24.83			Unit 5			-5.34			-31.53			-3.44			51.73			0.68


			Gajum 			GC 23			911			24.89			Unit 5			-10.08			-30.47			-2.86			27.15			0.49


			Gajum 			GC 23			916			25.01			Unit 5			-12.47			-30.79			-2.50			20.35			0.80


			Gajum 			GC 24			918			25.15			Unit 5			-9.84			-30.85			-2.30			46.21			0.34


			Gajum 			GC 24			922			25.25			Unit 5			-7.73			-31.42			-2.29			34.39			0.55


			Gajum 			GC 24			926			25.33			Unit 5			-7.55			-31.36			-1.95			32.44			0.48


			Gajum 			GC 24			930			25.43			Unit 6			-4.60			-31.98			-2.71			22.18			0.72


			Gajum 			GC 24			934			25.53			Unit 6			-0.96			-26.76			-2.89			13.51			0.16


			Gajum 			GC 24			937			25.60			Unit 6			-0.52			-27.01			-2.57			28.53			0.20


			Gajum 			GC 24			940			25.69			Unit 6			-0.41						-2.87			31.74


			Gajum 			GC 24			943			25.76			Unit 6			-0.14						-2.67			29.72


			Gajum 			GC 24			948			25.86			Unit 6			0.19			-26.74			-2.88			22.59			0.17


			Gajum 			GC 24			953			25.97			Unit 6			0.13						-2.90			15.98


			Gajum 			GC 24			957			26.06			Unit 6			0.25						-2.72			14.88


			Gajum 			GC 24			958			26.08			Unit 6			0.20			-27.30			-3.12			12.08			0.17


			Gajum 			GC 25			962			26.18			Unit 6			0.09						-2.68			5.33


			Gajum 			GC 25			966			26.27			Unit 6			0.05						-2.81			5.01


			Gajum 			GC 25			970			26.36			Unit 6			0.24			-28.67			-3.01			5.58			0.47


			Gajum 			GC 25			974			26.44			Unit 6			-0.60						-2.68			5.09


			Gajum 			GC 25			978			26.53			Unit 6			-0.42						-3.35			9.59


			Gajum 			GC 25			982			26.62			Unit 6			-0.24			-29.38			-3.48			10.61			0.64


			Gajum 			GC 25			987			26.71			Unit 6			0.16						-3.38			4.97


			Gajum 			GC 25			990			26.79			Unit 6			0.89						-3.37			19.10


			Gajum 			GC 25			991			26.82			Unit 6			1.07			-24.49			-3.37			29.75			0.20


			Gajum 			GC 25			BS-17			26.84			Unit 6			1.14			-25.10			-3.83			22.31			0.17


			Gajum 			GC 25			BS-16			26.84			Unit 6			1.14			-25.15			-3.30			23.21			0.18


			Gajum 			GC 25			BS-15			26.85			Unit 6			1.13			-25.23			-3.41			19.19			0.21


			Gajum 			GC 25			BS-14			26.86			Unit 6			1.17			-25.35			-3.29			10.13			0.22


			Gajum 			GC 25			BS-13			26.87			Unit 6			1.14			-25.07			-3.12			12.40			0.19


			Gajum 			GC 25			BS-12			26.88			Unit 6			1.25			-25.02			-3.14			26.74			0.17


			Gajum 			GC 25			BS-11			26.88			Unit 6			1.23			-24.66			-2.90			23.01			0.21


			Gajum 			GC 25			BS-10			26.88			Unit 6			1.17			-24.93			-3.49			26.90			0.23


			Gajum 			GC 25			BS-9			26.89			Unit 6			1.29			-25.02			-3.25			24.17			0.24


			Gajum 			GC 25			BS-8			26.90			Unit 6			1.20			-25.11			-3.38			20.59			0.27


			Gajum 			GC 25			BS-7			26.91			Unit 6			1.25			-25.17			-3.42			29.61			0.23


			Gajum 			GC 25			BS-6			26.91			Unit 6			1.25			-25.19			-3.44			32.41			0.32


			Gajum 			GC 25			BS-5			26.92			Unit 6			1.45			-25.27			-3.09			39.58			0.27


			Gajum 			GC 25			BS-4			26.93			Unit 6			1.38			-25.23			-3.22			37.77			0.33


			Gajum 			GC 25			BS-3			26.93			Unit 6			0.91			-24.66			-4.49			25.08			0.33


			Gajum 			GC 25			BS-2			26.94			Unit 6			0.85			-24.27			-3.94			29.11			0.26


			Gajum 			GC 25			BS-1


Liyenne Cavalheiro: Liyenne Cavalheiro:
Black Shales samples (first BS 17 samples at the BS/Domaro limit)- sampling at extremely high-resolution (check stratigraphic depth with EE)			26.94			Unit 6			1.14			-24.61			-3.54			34.94			0.32


			Gajum 			GC 25			996aDOM			26.96			Unit 7			1.71			-24.94			-1.75			63.27			0.17


			Gajum 			GC 25			998			27.00			Unit 7			2.10			-26.37			-1.54			57.49			0.07


			Gajum 			GC 25			1000			27.04			Unit 7			1.47						-1.42			76.65


			Gajum 			GC 25			1001			27.06			Unit 7			1.59						-1.28			76.50


			Gajum 			GC 25			1006			27.15			Unit 7			1.58			-26.47			-1.31			92.29			0.08


			Gajum 			GC 26			1007			27.19			Unit 7			1.58						-1.56			89.72


			Gajum 			GC 26			1011			27.28			Unit 7			1.61						-2.71			87.23


			Gajum 			GC 26			1015			27.37			Unit 7			1.70			-26.80			-1.62			76.31			0.05


			Gajum 			GC 26			1019			27.46			Unit 7			1.74						-1.02			68.26


			Gajum 			GC 26			1022			27.53			Unit 7			1.80						-1.01			67.15


			Gajum 			GC 26			1026			27.62			Unit 7			1.81			-26.49			-1.19			82.03			0.05


			Gajum 			GC 26			1029			27.68			Unit 7			1.69						-1.98			17.82


			Gajum 			GC 26			1035			27.82			Unit 7			1.80						-1.67			84.99


			Gajum 			GC 26			1040			27.94			Unit 7			1.91			-25.49			-2.40			55.14			0.07


			Gajum 			GC 26			1043			28.01			Unit 7			1.97						-0.90			49.75


			Gajum 			GC 26			1046			28.08			Unit 7			1.94						-1.94			73.74


			Gajum 			GC 26			1051			28.19			Unit 7			1.70			-26.76			-2.32			83.23			0.05


			Gajum 			GC 27			1055			28.28			Unit 7			1.72						-1.92			82.24


			Gajum 			GC 27			1058			28.36			Unit 7			1.86						-1.74			73.17


			Gajum 			GC 27			1061			28.42			Unit 7			1.83			-25.92			-1.57			62.78			0.05


			Gajum 			GC 27			1066			28.53			Unit 7			1.84						-0.83			61.44


			Gajum 			GC 27			1069			28.60			Unit 7			1.91						-1.33			62.64


			Gajum 			GC 27			1073			28.69			Unit 7			1.87			-26.32			-1.04			73.51			0.07


			Gajum 			GC 27			1077			28.80			Unit 7			1.89						-0.98			71.80


			Gajum 			GC 27			1080			28.86			Unit 7			2.00						-1.46			73.63


			Gajum 			GC 27			1084			28.95			Unit 7			1.90			-25.88			-1.28			66.20			0.04


			Gajum 			GC 27			1088			29.02			Unit 7			1.93						-1.04			67.09


			Gajum 			GC 27			1093			29.13			Unit 7			1.94						-1.69			63.61


			Gajum 			GC 27			1097			29.21			Unit 7			1.97			-26.27			-1.64			77.42			0.06


			Gajum 			GC 28			1101			29.30			Unit 7			1.89						-1.75			82.83


			Gajum 			GC 28			1105			29.39			Unit 7			1.86						-1.03			85.94


			Gajum 			GC 28			1108			29.46			Unit 7			1.91			-26.43			-1.23			79.14			0.05


			Gajum 			GC 28			1112			29.55			Unit 7			2.05						-1.58			83.42


			Gajum 			GC 28			1116			29.64			Unit 7			1.98						-1.80			68.74


			Gajum 			GC 28			1121			29.75			Unit 7			1.98			-25.83			-1.59			54.92			0.06


			Gajum 			GC 28			1124			29.81			Unit 7			1.97						-1.81			73.49


			Gajum 			GC 28			1127			29.87			Unit 7			2.03						-1.79			79.10


			Gajum 			GC 28			1131			29.96			Unit 7			2.05			-26.24			-2.74			66.69			0.05


			Gajum 			GC 28			1138			30.11			Unit 7			1.90						-1.14			81.09


			Gajum 			GC 28			1141			30.17			Unit 7			2.09						-1.46			69.24


			Gajum 			GC 28			1144			30.24			Unit 7			2.01			-26.32			-0.97			82.96			0.04


			Gajum 			GC 29			1148			30.33			Unit 7			2.05						-1.00			68.13


			Gajum 			GC 29			1152			30.43			Unit 7			1.94						-1.51			75.93


			Gajum 			GC 29			1155			30.49			Unit 7			1.91			-25.77			-1.79			58.17			0.05


			Gajum 			GC 29			1159			30.58			Unit 7			1.94						-1.10			73.47


			Gajum 			GC 29			1162			30.66			Unit 7			1.91						-1.82			85.87


			Gajum 			GC 29			1167			30.77			Unit 7			1.92			-26.26			-1.72			77.95			0.04


			Gajum 			GC 29			1171			30.86			Unit 7			1.94						-1.70			85.69


			Gajum 			GC 29			1176			30.95			Unit 7			1.92						-1.08			82.42


			Gajum 			GC 29			1179			31.01			Unit 7			1.94			-26.45			-1.87			83.70			0.04


			Gajum 			GC 29			1184			31.12			Unit 7			2.05						-1.75			72.44


			Gajum 			GC 29			1186			31.17			Unit 7			1.89			-26.24			-1.66			87.06			0.08













