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Abstract. In this paper we document in detail the transition from the Rosso Ammonitico Lombardo to the

Radiolarites outcropping at Alpe Turati (Albavilla, Como) in the Lombardy Basin of the Southern Alps. At this loca-
tion, the Jurassic succession was deposited on a flank of the Corni di Canzo paleohigh: as found on other structural
shallow areas, the upper Pliensbachian—Toarcian—Aalenian interval is represented by pseudonodular to nodular marly
limestones of the Morbio Limestone and Rosso Ammonitico Lombardo units. In the early Bajocian deposition of
biosiliceous sediments is ubiquitously testified by the Radiolarites (Bajocian—Callovian). At Alpe Turati, the interval
immediately below the basal green member of the latter unit, consists of a 10 cm thick black shale, pointing to
oxygen-depleted bottom waters. Dysoxia persisted during the Bajocian—Callovian as evidenced by dark green stratified
cherts. Calcareous nannofossil biostratigraphy indicate an early Bajocian age for the black shale that correlates with the
core of a distinct C isotopic negative anomaly also known in various basins outside the Southern Alps.

Very dark grey to black lithologies of eatly Bajocian age have been documented in a few sections from Poland,
Corsica and Morocco. We name Gaetani Level the black shale interval in recognition of Maurizio Gaetani’s pioneering
and extensive work on Jurassic sedimentary successions of the Lombardy Basin. The association of the Gaetani black
shale with a C isotopic anomaly suggests that it could be the sedimentary record of an Oceanic Anoxic Event whose

regional to global extension must be ascertained.

INTRODUCTION

Some of the best exposures of Jurassic pe-
lagic sedimentary rocks are located in the Southern
Alps, where reference-sections have been exten-
sively investigated for stratigraphy, sedimentology,
paleontology, paleomagnetism and geochemistry
(Bernoulli & Jenkyns 2009). In fact, the Southern
Alps constitute a well-preserved and relatively unde-
formed portion of Adria interpreted as an African
“promontory” or as a microplate. They represent a
portion of the passive margin of the Tethys Ocean,
with original patterns and geometries maintained
along a 300 km-long W-E transect.
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In the latest Triassic-earliest Jurassic a rifting
phase caused the fragmentation of carbonate plat-
forms of the southern Tethyan margin into a se-
ries of “horst and graben”, limited by listric faults,
which constituted the physiographic control of fa-
cies distribution throughout the Jurassic (Bernoulli
& Jenkyns 1974; Santantonio & Carminati 2011;
Bertotti et al. 1993). In fact, facies evolution reflects
increasing water depth during syn-rift and post-rift
thermal subsidence of the passive continental mar-
gin: basinal areas formed where drowned carbonate
platform segments subsided rapidly and structur-
al highs evolved at sites of initially less subsident
blocks of drowned carbonate platform (Bernoulli
& Jenkyns 2009; Gaetani 2010). The earliest Jurassic
tectonic phase controlled a wide area on the passive
margin of the western Tethys (Bosence et al. 2009),
and in the Southern Alps determined a large-scale
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C) Location of the Alpe Tu-
rati section. D) Schematic
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subdivision into, from W to E, the Lombardy Ba-
sin, the Trento Plateau, the Belluno Basin and the
Friuli Platform. During the Jurassic, their structural
and sedimentary evolution was directly controlled
by extensional tectonics at regional scale associated
with opening of the central Atlantic and the Liguri-
an Oceans. The Early Jurassic rifting phase related
to the beginning of oceanic spreading in the At-
lantic-Tethyan domain (Winterer & Bosellini 1981;
Bertotti et al. 1993) caused the break-up of the Tri-
assic and Lower Jurassic carbonate platforms into
structural highs and troughs, bounded by syn-sedi-
mentary faults. Sedimentation was markedly differ-
ent between elevated areas and depressions: very
condensed sequences were deposited on structural
highs and their flanks, whereas basinal areas were
characterized by thick and continuous sedimentary
successions (Winterer & Bosellini 1981).

Within the Lombardy Basin, the latest Trias-
sic-earliest Jurassic rifting produced a number of
troughs and paleohighs that are, from W to E: M.
Nudo Trough, Lugano High, M. Generoso Trough,

Corni di Canzo High, Albenza Plateau, M. Cavallo
High, W Sebino Trough, Botticino High, E Sebi-
no Trough (Gaetani 1975, 2010) (Fig. 1D). Troughs
are some 20-30 km wide and paleohighs are a few
km in width. In the troughs, Jurassic sedimentary
sequences may reach a non-decompacted thickness
of 3000 m, as in the Generoso Trough, suggest-
ing extraordinary sedimentation rates up to 250 m/
My (Gaetani 2010). Conversely, condensation and
hiatuses characterize the sedimentation on paleo-
highs, with peculiar reddish nodular facies (Rosso
Ammonitico Lombardo). Sedimentation of paleo-
high slopes was marked by fluidal textures, slumps,
resedimented bodies, and locally megabreccias
(Gaetani & Erba 1990; Gaetani 2010). As synthe-
tized by Gaetani (2010) biogenic calcareous sedi-
ment accumulated in the Hettangian-Aalenian and
Kimmeridgian-Tithonian intervals, but during the
Bajocian-Oxfordian carbonate deposition was sub-
stituted by red claystones and cherts (Gaetani 1975;
Winterer & Bosellini 1981; Muttoni et al. 2005). Si-
liceous sedimentation dominated for about 20 My
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(Baumgartner 1987, 2013; Baumgartner et al. 1995),
possibly due to a southwards motion of Adria from
~30 to ~10° N latitude into the northern upwelling
belt promoting siliceous bio-productivity (Muttoni
et al. 2005). Carbonate sedimentation resumed in
the Kimmeridgian and progressively increased with
the deposition of the Rosso ad Aptici Fm. and then
Maiolica Limestone as a result of the calcite com-
pensation depth (CCD) deepening (Gaetani 1975;
Winterer & Bosellini 1981) or motion of Adria
- linked to the African counterclock rotation - to
higher latitudes into stable and oligotrophic waters,

favoring calcareous rather than siliceous plankton
(Muttoni et al. 2005).

Multi- and interdisciplinary studies have
demonstrated that Jurassic pelagic successions of
the Lombardy Basin represent ‘type-sections’ of the
Tethyan southern margin and preserve a long histo-
ry of oceanic sedimentation and biota evolution. In
this paper, we describe the Pliensbachian-Tithonian
section outcropping at Alpe Turati (Figs 1 and 2)
that has been previously investigated for lithostra-
tigraphy (Gaetani & Fantini Sestini 1978; Gaetani &
Erba 1990), ammonite paleontology (Venzo 1952;
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Pinna 1963, 1968; Pelosio 1968; Fantini Sestini
1977), and nannofossil biostratigraphy (Gaetani &
Erba 1990; Cobianchi 1992). Here, we focus on the
Rosso Ammonitico Lombardo-Radiolarites tran-
sition documenting detailed lithostratigraphy and
stable isotope chemostratigraphy during the early
Bajocian as dated by calcareous nannofossil biostra-
tigraphy. This lithostratigraphic interval is repre-
sented by a peculiar facies, unique in the Lombardy
Basin and more generally in the Southern Alps.
Integrated lithostratigraphy, nannofossil biostratig-
raphy and chemostratigraphy is used to detail the
chronostratigraphic age and depositional condi-
tions across the Aalenian/Bajocian boundary inter-
val at Alpe Turati. Data will be compared to coeval
sections to derive local, regional and global patterns.

MATERIAL AND METHODS

We investigated 28 samples from the Rosso Ammonito
Lombardo-Radiolarites transition and the lowermost part of the lat-
ter formation (Fig. 3). The outcrop was carefully excavated so as to
expose fresh rocks in order to log the detailed section with a cm
resolution. The same samples were used for both calcareous nanno-
fossil investigation and geochemistry. In particular, 8 samples were
recovered from the Rosso Ammonitico Lombardo Fm. with an aver-
age sampling rate of 5 cm, the topmost one lying in correspondence
of the turquoise matrly claystone layer. Three samples were collected
from a black shale and the remaining 17 samples belong to the lower
part of the Radiolarites, taken from mm to cm thick marly clayey in-
terbeds (Fig. 3). Sampling was carefully undertaken on fresh surfaces
in order to minimize potential effects of weathering, and veins.

Nannofossil biostratigraphic analyses were performed on
simple smear slides prepared following the standard technique: a
small amount of rock material was powdered adding few drops of
bi-distillate water, without centrifuging, ultrasonic cleaning or settling
the sediment in order to retain the original composition. The ob-
tained suspension was mounted onto a slide, covered with a cover
slide fixed with Norland Optical Adhesive. Smear slides were inves-
tigated using a light polarizing microscope, at 1250X magnification;
at least 400 fields of view were scrutinized in each smear slide. The
biostratigraphic scheme adopted is that of Mattioli & Erba (1999).

The same samples were measured for carbonate content
and C and O stable isotopes. The CaCO, content was detected using
the Dietrich-Friihling gas volumetric method by measuring evolved
CO, after acidification of the bulk sample with HCI. For carbon and
oxygen stable isotopes powdered samples were analysed by contin-
uous-flow mass spectrometry using a GasBench II connected to a
ThermoFisher Delta V Advantage mass spectrometer. In the instru-
ment, they were reacted with purified phosphoric acid (H,PO,) at
70°C. Samples with a carbonate content lower than 1% were not
analysed because the low signals do not allow the determination of
isotope ratios with the required precision and accuracy. Reproducibil-
ity of replicated standards is usually better than 0.1%o for both §°C
and 8"O. Stable-isotope ratios are reported using the conventional
8 notation to indicate per mil (%o) deviation from the VPDB stand-
ard. Total organic-carbon (TOC in % weight) was measured on the
three samples from the Gaetani Level. Samples were reduced to a

fine powder and TOC determination was conducted according to the
Walkley-Black method (Walkley & Black 1934; Walkley 1947), con-
sisting of an oxidation with dichromate solution and sulfuric acid and
a titration with ferrous sulphate.

THE ALPE TURATI SECTION

The Alpe Turati section is placed in locality
Parravicini (Albavilla, Como), in a small valley to the
south-east of the ruins of the “Albergo La Salute”
at45°49’17” N 9°11°07” E (Fig, 1). The studied sec-
tion is located on the northern flank of an anticline
with axis oriented East-West (Pinna 1963). The pe-
lagic succession is sub-horizontal, dips very gently
south-westwards with an inclination of about 5°,
and is ~110 m thick, as estimated from the upper
part of the Domaro Limestone to the uppermost
part of the Rosso ad Aptici (Fig. 2). Lithostratig-
raphy of the Alpe Turati section (Gaetani & Erba
1990) comprises, from bottom to top:

Domaro Limestone. Light gray-hazel calcilutites
in 20 to 30 cm-thick beds, and light green marl-
stones as minor lithology. Black chert nodules are
rare in the upper part. Thickness from the begin-
ning of the measured section 3.5 m.

Coverage 2 m.

Morbio Limestone. Pinkish pseudonodular to
nodular limestones in 5 to 40 cm-thick layers, oc-
casionally amalgamated. Nodules consist of light
colored limestones surrounded by a reddish marly
matrix, rich in micas. The upper part of the Morbio
Limestone becomes more markedly nodular and
reddish. The top bed of this lithostratigraphic unit
consists of recrystallized gray-green limestone (0.55
m). Total thickness 12.5 m.

Sogno Formation. Between the Morbio Lime-
stone and the Rosso Ammonitico Lombardo, a
peculiar interval consisting of turquoise marly clay-
stones, rich in muscovite, is attributed to the Sogno
Formation (0.28 m).

Rosso Ammonitico Lombardo. Nodular marly
limestone with abundant clay matrix, dark brick red
in color (0.75 m). After a 2 m thick covered inter-
val, the Rosso Ammonitico Lombardo crops out
continuously and undisturbed for a total thickness
of 15 m. It consists of red, intensively bioturbated,
nodular limestone in 3 to 15 cm thick layers (max
10 cm thick). Nodules are well developed and the
marly matrix is subordinated. The upper part of
this formation is characterized by a slump and brec-
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Fig. 3 - Lithostratigraphy, nannofossil biostratigraphy, isotopic composition (8"°C_, and 8"*O_,) calcium carbonate content and TOC of the

Alpe Turati section. The positions of peaks in the 8"°C_ for the lower Bajocian CIE are reported (see text for explanation). The grey

band marks the position of the Gaetani Level.

cia (5 m). After a ~2 m thick covered interval, the
topmost part of the Rosso Ammonitico Lombar-
do is undisturbed and consists of brick red marly
claystone (0.10 m), brick red nodular matrlstones
(0.15 m), pinkish limestone corresponding to the
“Lumachella a Posidonia alpina” (0.16 m), dark red
pseudonodular marlstones (0.55 m).

Between the Rosso Ammonitico Lombardo
sensu stricto and the Radiolarites a peculiar interval
comprises: 7.5 cm of light-green to turquoise marly
claystones followed by 10 cm of black shales.

Radiolarites. Dark green, regularly bedded
cherts separated by mm thick joints of dark green
marly claystones (7 m), followed by progressively
thicker layers of brown to red stratified chert. An
increase in carbonate content is detected in the
upper part of the Radiolarites where interbeds be-
come red in color and marly. The transition to the
overlying Rosso ad Aptici is gradual and consists of
marly limestone and siliceous marlstones of pink
color with abundant nodules of red chert. The total
thickness of the Radiolarites is ~40 m.

Rosso ad Aptici. Rhythmic alternations of
marly limestone and marlstones with frequent chert
nodules. The dominant color is red, with abundant
diffuse light green mottles. Chert nodules are dark
red-brown in color (30 m). This unit is character-
ized by locally abundant Aptichus on bedding sur-
faces. The transition to the Maiolica Limestones is
covered.

Maiolica. 'The lower part of this formation
crops out close to the former “La Salute” hotel. It
consists of whitish calcilutites with frequent stylo-
lites, organized in decimetric layers, with rare nod-
ules of light grey chert.

Calcareous nannofossils of the Alpe Turati
section were investigated by Gaetani & Erba (1990)
and Cobianchi (1992). Here previous data are in-
tegrated and the nannofossil zones of the Teth-
yan zonation (Mattioli & Erba 1999) are reported
in Figure 2. The nannofossil zones NJT4 to NJT9
were identified in the interval spanning the top of
the Domaro Limestone (Pliensbachian) to the low-
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. . Mean value Mean value |, Tab. 1 - Rf':sul'ts of geo'chemical inve-
Samples Formation Depth (cm)| % CaCO; 53¢ (per mil) | 50 (per mil) % TOC stigations c-arrle-d out on the
— Alpe Turati section.
AT243 Radiolarites 243 0.38 / /
AT217 Radiolarites 218 8.46 2.51 -4.09
AT205 Radiolarites 205 3.24 2.46 -4.19
AT195,5 Radiolarites 195.5 3.70 2.32 -4.25
AT186 Radiolarites 186 3.36 2.21 -4.28
AT166,5 Radiolarites 166,5 1.64 1.46 - 6.80
AT145,5 Radiolarites 145.5 1.24 1.90 -6.21
AT131 Radiolarites 131 0.39 / /
AT125 Radiolarites 125 3.39 2.23 - 4.66
AT118 Radiolarites 118 0.12 / /
AT93 Radiolarites 93 3.51 3.40 - 3.66
AT81 Radiolarites 81 0.52 / /
AT71 Radiolarites 71 2.40 2.41 -5.24
AT68 Radiolarites 68 7.68 2.68 -4.13
AT66 Radiolarites 66 5.56 2.68 -4.13
AT59 Radiolarites 59 18.74 3.65 -1.96
AT54 Radiolarites 54 14.01 2.34 - 3.96
AT45 Gaetani Level 45 33.00 2.12 -4.49 1.7
AT40 Gaetani Level 40 14.87 2.51 -3.30 1.8
AT38 Gaetani Level 38 14.53 2.29 -3.44 0.4
AT35 R.A.L. (turquoise calc. mdst.) 35 2.04 1.84 -2.84
AT30 Rosso Ammonitico Lombardo 30 2.13 1.93 -2.21
AT25 Rosso Ammonitico Lombardo 25 2.69 1.63 -2.53
AT20 Rosso Ammonitico Lombardo 20 2.41 1.90 - 3.00
AT15 Rosso Ammonitico Lombardo 15 6.79 2.22 -2.16
AT10 Rosso Ammonitico Lombardo 10 33.87 2.64 -1.13
AT5 Rosso Ammonitico Lombardo 5 37.42 2.66 -1.10
AT1 Rosso Ammonitico Lombardo 1 18.09 217 -1.17

ermost part of the Radiolarites (Bajocian). Biogen-
ic stratified cherts of the Radiolarites and siliceous
limestones with abundant chert nodules and layers
of the lower part of the Rosso ad Aptici are barren
or extremely impoverished of calcareous nannofos-
sils. Only the upper part of the latter formation was
attributed to the nannofossil NJT'15 Zone of Titho-
nian age (Casellato 2010).

REesuLTS

CaCO, content and TOC

The CaCO, content (Tab. 1) of the Alpe Tura-
ti section is presented in Figure 3. Samples show a
calcium carbonate content from about 0.1% up to
about 37.4%. The lowermost part (0 to 10 cm) of
the analysed Rosso Ammonitico Lombardo inter-
val shows a relatively high CaCO, content, with an
average value of about 30%. A sharp decrease in
CaCO, content is then observed in the uppermost
part of the formation and in the turquoise matly
claystones, with values of about 2.5%. In the black
shale level right above, CaCO, content spans from
14% to about 33%. The samples from the bottom
71 cm of the Radiolarites have a CaCO, content
progressively decreasing to the average value of
about 7%. From sample AT 81 upwards the studied

succession is characterized by a CaCO, content of
about 2.5% on average.

The TOC values (Tab. 1) measured in the
Gaetani Level are between 0.4 and 1.8%: they in-
crease passing from very dark grey (bottom sample
AT38) to black (middle sample AT40 and top sam-
ple 45) marly claystones (Fig. 3).

6"C and 6”0 data

A cross-plot of 8"C_, = data against the
3""O_  (Tab. 1) values for all the analysed samples
is reported in Fig. 4. In the presence of variable
quantities of isotopically homogeneous cements a
correlation between the two isotopic ratios is gen-
erally observed (e.g. Marshall 1992; Blanchet et al.
2012). While no significant correlation (R*=0.08)
can be inferred when considering all the Alpe Turati
samples together, a good correlation can be instead
observed grouping the data according to formation.
In fact, samples from the Rosso Ammonitico Lom-
bardo Fm. and the Radiolarites Fm. show a R* value
of 0.70 and 0.79, respectively. These generally good
correlations suggest that a moderate diagenesis af-
fected the studied samples, acting probably differ-
ently on the two formations.

The chemostratigraphy of the Alpe Tura-
ti section is synthesized in Figure 3. The 8"C_
values fall in the range of ~1.5%0 to ~3.7%o0. The
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Fig. 4 - Cross-plot of carbonate carbon- and oxygen-isotope ratios
for samples analysed from the Alpe Turati section.

lowermost part of the section, from 0 to 10 cm,
shows average 8°C_  values of 2.5%o. From 10 cm
to 25 cm, carbon isotopes display a decreasing trend
reaching a minimum value of 1.5%o. After this rel-
ative decrease, an overall rise in 8°C_ is present
up to 59 cm. Two prominent peaks mark the high-
est values in carbon isotopes with values of about
3.5%o, in the interval that goes from 59 cm up to 93
cm. Above this portion, a general reduction is ob-
served up to 166.5 cm, with a 813Cwb value of about
1.5%o. Finally, the carbon isotope-ratio rises back to
a background value of 2.5%o in the uppermost part
of the record.

Along the section, 8O _, shows an overall
decreasing trend. In fact, a progressive change in
the oxygen-isotope ratio from about -1.1%o at the
base of the section to a value of about -6.8%o is
observed. A possible relatively small rise in 'O _
values can be further observed in correspondence
of the interval from 59 cm to 93 cm. In the upper-
most part of the analysed section, from 166.5 cm
upwards, 3"°O_ values rise back to higher values
of about -4%o.

DiscussioN

Lower Bajocian Carbon
Excursion (LB-CIE)

In the Alpe Turati section, the lower Bajocian

Isotopic

negative carbon isotope excursion (CIE) is charac-
terized by a M-shaped pattern. In particular, two
negative peaks, here named ‘a’ (about 1.6%0) and ‘c’
(about 1.5%o), are separated by a relatively positive
excursion, named ‘b’ (about 3.5%o; Figs 3 and 5). A
similar pattern, with a generally negative excursion
of about 1.5-2.0%0 in 3"°C_  can be observed in the
carbon isotope data presented by other authors for
the same time interval, prior to the early-middle Ba-
jocian 8"°C positive excursion (Bartolini et al. 1996,
1999; Zempolich & Erba 1999; Baumgartner 2013).
In fact, a shift toward light C isotopic values in low-
ermost Bajocian terrestrial and marine successions
was discussed by Hesselbo et al (2003) pointing to a
complex perturbation of the C cycle starting with a
negative CIE followed by a positive anomaly (Hes-
selbo et al. 2003; Aguado et al. 2008, 2017; Gémez
et al. 2009; Suchéras-Marx et al. 2015). More specif-
ically, the 8"°C negative excursion close to the Aale-
nian/Bajocian boundary was recorded in sections
from the Iberian Paleomargin (O’Dogherty et al.
2006; Gomez et al. 2009), in the Umbria-Marche
Basin (Bartolini et al. 1999), in the Digne area
(Suchéras-Marx et al. 2015), Yorkshire (Hesselbo et
al. 2003), Portugal (Suchéras-Marx et al. 2015) and
the Hebrides Basin (Jenkyns et al. 2002).

In a similar way to our results from the Alpe
Turati section (Fig. 5), the record produced by Bar-
tolini et al. (1999) highlights a M-shaped negative
excursion of about 1%o in the pelagic limestones of
the Calcari a Posidonia Fm., also deposited in the
southern continental margin of the western part of
the Tethys. Even if at low-resolution, also the record
in the Scottish section of Bearreraig Burn analysed
by Jenkyns et al. (2002) shows a single negative ex-
cursion in correspondence of the lower Bajocian.
Hesselbo et al. (2003) described a major negative
carbon isotope excursion in the Aalenian/Bajocian
boundary interval analysed in fluvio-deltaic depos-
its of the Yorkshire. This record clearly displays a
two-peaks negative trend quite similar to that ob-
served in the Alpe Turati section. An analogous
trend is also documented in the pelagic successions
deposited in the Hispanic Corridor, that constitut-
ed a narrow seaway connecting the western Tethys
with the eastern Pacific (O’Dogherty et al. 20006;
Molina et al. 2018). In particular, La Losilla section
described by Molina et al. (2018) is characterized by
a 8”C_  with a clear M-shaped pattern (peaks “a”,
“b” and “c”) closely resembling the Alpe Turati re-
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Fig. 5 - Chemostratigraphic correlation of the Alpe Turati section with Terminilletto (Bartolini et al. 1999), Bearreraig (Jenkyns et al. 2002),
Yorkshire Coast (Hesselbo et al. 2003), Casa Chimeneas (O’Dogherty et al. 2006), Amellago (Bodin et al. 2017), La Losilla (Molina et
al. 2018) sections. The grey band marks the position of the lower Bajocian carbon isotope excursion (CIE). The positions of peaks in

the 8°C_ are reported (see text for explanation).
carb

b

cord. A similar M-shaped trend was also observed
in the 8"°C_ profile recorded in the offshore ma-
rine deposits of the Amellago section in the Central
High Atlas (Bodin et al. 2017). It must be stressed
that in some sections the carbon isotope excursion
is limited to less than 0.5%o, a value that can be af-
fected by diverse factors, such as for example the
large variation in the CaCO, abundance. However,
the identification of common carbon isotope pat-
terns in sedimentary sections coming from conti-
nental and marine shallow-water to pelagic settings,
suggests a global extent of the negative CIE in the
earliest Bajocian as previously postulated by Hessel-
bo et al. (2003). Furthermore, we point out that the
similarity of the Alpe Turati carbon isotope record
with those measured on sections from other basins
suggests that the measured 3”C_, profile in the
studied section still preserves a useful chemostrati-
graphic signal, despite the isotopic values are poten-
tially modified by diagenesis to some degree.

The correlation of the chemostratigraphic
curved across the Aalenian/Bajocian boundary and
in the early Bajocian (Fig. 5) shows a diachroneity
of the C isotopic anomaly. Since a supra-regional
CIE cannot be time-transgressive, we infer that dis-

crepancies are, at least partially, due to the stage/age
attribution based on different (micro)paleontolog-
ical groups with variable degree of resolution and
calibration to standard chronostratigraphy. Certain-
ly, the age of the 8"°C negative shift merits further
investigation.

While diagenesis did not apparently influence
the structure of the 3“C_
burial diagenetic conditions presumably affected
8180carb values that are, therefore, interpreted
cautiously. The observed 8"*O_ | negative excursion
of about 5% in amplitude implies a warming of
about 25°C (using the equation of Anderson &
Arthur (1983) and assuming a 3"°O_  =—1%o),
which seems unrealistic. However, we speculate
that the observed 8""O_ ~trend is representative
of a general warming, even though the diagenetic
imprint probably biases absolute values. An increase
in paleotemperature corresponds to the onset of the
first negative excursion (peak ‘a’) and the warming
trend associated with the earliest Bajocian CIE
persisted up to the end of the negative C isotopic
anomaly. The relatively small rise in 3"°O_ . in
correspondence of the peak ‘b’, might possibly
represent an interlude of relative cooling;

curve, contrasting
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The Gaetani Level

The interval across the Rosso Ammonitico
Lombardo/Radiolarites boundary contains com-
mon and moderately preserved calcareous nanno-
fossil assemblages including W. britannica, W. com-
munis and  Cyelogelospabera margerelii indicating the
NJT 9 Zone of Mattioli & Erba (1999). The base
of this zone is calibrated with the latest Aalenian,
but the occurrence of W. communis in the lower-
most sample above the 2 m thick covered interval
(Fig. 2) indicates an earliest Bajocian age for the
topmost part of the Rosso Ammonitico Lombardo
(Figs 2 and 3).

The occurrence of a black shale immediately
below the Radiolarites in the Alpe Turati section
is a unique finding for both the Lombardy Basin
and the Southern Alps. This dark interval sug-
gests oxygen-depletion of bottom waters, perhaps
as the result of purely local conditions. However,
in continuous Tethyan sections the basal mem-
ber of the Radiolarites is very dark green to black
in color during the early Bajocian (Baumgartmer
2013), suggesting dysoxic to anoxic conditions at
regional scale. Outside the Southern Alps, very
dark grey-black lithotypes of early Bajocian age
occur W and N of the Tethys Ocean. Black chert,
shale and quartz-bearing siltstones of Bajocian
age were documented just above pillow basalts of
ophiolite sequences in the Double Barre section of
the Balagne Nappes, San Colombano Pass, in NW
Corsica (Baumgartner 2013). Krobicki & Golonka
(2008) documented very dark grey to black sedi-
ments within the Skrzypny Shale Formation of ear-
ly Bajocian age in the Pieniny Klippen Belt in the
Carpathian (Poland). Also, Barski et al. (2012) de-
scribe the “black flysch” (Szlachtowa Formation at
Podubocze, Poland) deposited in a relatively deep
basin bordering the Czorsztyn Ridge. Lower Ba-
jocian black marly shales with spherosiderite con-
cretions are reported in the Czorsztyn succession,
in the Polish sector of the Pieniny Klippen Belt
(Carpathian) (Bak et al 2005). Lower Bajocian black
matlstones are also observed in Morocco (Bodin
et al. 2017). Although a black shale interval is not
present, trace element geochemistry suggests an-
oxic condition in the lowermost Bajocian negative
8C spike (peak “a”) at La Losilla section (S Spain),
which was situated at the eastern end of the His-
panic Corridor (Molina et al. 2018).

Here, we name Gaetani Level the black shale

layer just below the Radiolarites (Figs 2 and 3) in
recognition of Maurizio Gaetani’s pioneering and
extensive work on Jurassic sedimentary successions
of the Lombardy Basin. The Gaetani Level follows
the first negative spike (peak “a”) of the early Ba-
jocian CIE (lowermost part of nannofossil NJT9
Zone). We speculate that the Gaetani Level is the
local sedimentary expression of a supraregional
to global perturbation of the C cycle associated
to profound paleoceanographic changes to dysox-
ic-anoxic bottom waters (e.g. Baumgrtner 2013)
and more humid climate (Hesselbo et al. 2003).

The occurrence of the black shale within the
C isotopic anomaly suggests that the Gaetani Level
could be the sedimentary record of an early Bajo-
cian Oceanic Anoxic Event (OAE). As for other
Jurassic and Cretaceous OAEs (Erba 2004; Jenkyns
2010), we speculate that the Gaetani Event might
be the result of major igneous-tectonic episodes,
singularly or concomitantly. In fact, previous au-
thors (Bjerrum & Dorsey 1995; Bartolini & Larson
2001; Muttoni et al. 2005) dated to the early Middle
Jurassic oceanic spreading in the Alpine Tethys and
in the Pacific, a pulse of subduction-related mag-
matism in the Pacific, and continental deformation
around the margins of Pangea. The paleoenviron-
mental perturbations documented in lowermost
Bajocian sequences might be directly or indirectly
related to tectonically-associated volcanism. Some
support come from the paper by Hesselbo et al.
(2003) presented preliminary leaf stomatal data
with some evidence of raised pCO, relative to
background values at about the level of the earliest
Bajocian C isotopic negative excursion. Moreover,
our 8"O_ results from the Alpe Turati section
suggest a warming phase coeval with the negative
CIE that might have triggered multiple processes,
including a climate change and higher fertility, ox-
ygen consumption due to enhanced primary pro-
ductivity and onset of dysoxic-anoxic bottom wa-
ters (Baumgartner 2013). TOC values in the middle
and upper part of the Gaetani Level (1.8 and 1.7%)
support relatively higher productivity and better
preservation of organic matter under increasingly
anoxic conditions.

An intriguing aspect of the Gaetani Level/
OAE interval is related to the evolution of cocco-
lithophores. Indeed, the Aalenian/Bajocian bound-
ary interval was marked by the spectacular diversifi-
cation of genus Watznaneria (Cobianchi et al. 1992;
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Mattioli & Erba 1999; Bown et al. 2004; Erba 2000;
Sucheras-Marx et al. 2012) that became dominant
for the rest of the Mesozoic. As documented in
specific works (Sucheras-Marx et al. 2012; Molina
et al. 2018) origination of new Watznaueria species
and their rapid increase in abundance cleatly pre-
date the early Bajocian perturbation and was not
interrupted or affected by global changes of the
C cycle either during the first negative CIE or the
subsequent positive anomaly. This evolutionary
pattern is very similar to origination pulses oc-
curred in the Pliensbachian/Toarcian and Barremi-
an/Aptian boundary intervals prior to the Toarcian
OAE (T-OAE) and OAE 1a, respectively (Erba
2004). Intriguingly, palacoceanographic and pale-
oclimatic changes associated to the T-OAE and
OAE 1a are, although much more pronounced, are
quite similar to those reconstructed for the Gaetani
OAE: increased fertility, higher pCO,, warming,
oceanic anoxia, reduced marine plankton calcifica-
tion (Erba 2004). A rapid nannofloral speciation
predates deposition of black shales associated to
the T-OAE, the Gaetani OAE and OAE 1a whose
perturbations did not trigger extinctions among
coccolithophores.
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