Rivista Italiana di Paleontologia e Stratigrafia
(Research in Paleontology and Stratigraphy)
vol. 126(2): 541-560. July 2020

CHRONOLOGY OF THE MESSINIAN EVENTS IN THE NORTHERNMOST PART OF
THE MEDITERRANEAN: THE GOVONE SECTION (PIEDMONT BASIN, NW ITALY)

ROCCO GENNARI, FRANCESCA LOZAR, MARCELLO NATALICCHIO, ELENA ZANELLA,
GIORGIO CARNEVALE & FRANCESCO DELA PIERRE

Dipartimento di Scienze della Terra, Universita degli Studi di Torino, Via Valperga Caluso 35, 10125, Torino, Italy.
E-mails: rocco.gennari@unito.it; francescalozar@unito.it; marcello.natalicchio@unito.it; elena.zanella@unito.it; giorgio.carnevale@unito.it;
francesco.delapierre@unito.it

To cite this article: Gennari R., Lozar F, Natalicchio M., Zanella E., Carnevale G. & Dela Pierre F. (2020) - Chronology of the Messinian Events
in the northernmost part of the Mediterranean: the Govone section (Piedmont Basin, Nw Italy). Réin. I#. Paleontol. Strat., 126(2): 541-560.

Keywords: Messinian; biostratigraphy; magnetostratigraphy; Piedmont Basin.

Abstract. In marginal Mediterranean sub-basins the first phase of the Messinian salinity crisis (MSC) is re-
corded by primary sulfate evaporites (Primary Lower Gypsum unit); in deeper settings, the gypsum makes lateral
transition into shales and matls usually barren of calcareous fossils that can hamper the identification of the MSC
onset. The Govone section (Piedmont Basin, NW Italy) represents an opportunity to examine in detail the pre-MSC
interval and the transition to the first stage of the MSC in a relatively deep marginal basin in the northernmost sector
of the Mediterranean. We provide herein an age model for the Govone section, based on an integrated stratigraphic
study, including cycloctratigraphy, magnetostratigraphy and micropaleontology (foraminifera and calcareous nanno-
fossils) of the pre-MSC interval and the transition to the MSC. Chron C3An.1n has not been recognized in the study
succession, most likely due to early diagenetic processes. Thus, the last occurrence of Turborotalita multiloba occurring
two lithological cycles above the second influx of G. scitula, is the event that best approximate the MSC onset and is
consistently recorded across the Piedmont Basin, with higher abundance respect to coeval Mediterranean successions.
The calibration of the lithological cyclicity by means of these two bioevents allowed to recognize that, unlike other
Mediterranean sections, the disappearance of calcareous microfossils occurs before the MSC onset, probably, in re-
sponse of diagenetic processes favouring the dissolution of calcareous shells.

INTRODUCTION

In the Mediterranean region, open-sea middle
and upper Miocene successions commonly display
a precession-paced lithological ciclicity (Hilgen et
al. 2003 and references therein). Approximating the
base of the Messinian, the interval preceding the
onset of the Messinian salinity crisis (pre-MSC, 7.16
— 5.97 Ma) records the progressive isolation of the
Mediterranean Sea from the Atlantic Ocean pro-
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duced during a long trend paleoceanographic evolu-
tion towards more restricted conditions (Kouwen-
hoven et al. 2003). These conditions enhanced the
contrast of the sedimentary and biological response
to high and low precession phases. The pre-MSC
is well documented in a number of Mediterranean
onshore successions from west to east, where the
trend towards more restricted conditions is punc-
tuated by four synchronous paleoceanographic
steps (Hilgen & Krijgsman 1999; Sierro et al. 2001;
Blanc-Valleron et al. 2002; Sierro et al. 2003; Kou-
wenhoven et al. 2006). This trend culminated with
the widespread deposition of evaporites during the
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Messinian salinity crisis (MSC 5.97-5.33 Ma; Iacca-
rino et al. 1999; Manzi et al. 2013), a major geo-
logical event during which the Mediterranean was
transformed into the youngest Salt Giant in Earth
history (e.g., Hsii et al.1973; Roveri et al. 2014).

The four paleoceanographic steps punctuat-
ing the pre-MSC interval have been described as
follows:

1) Starting at 7.16 Ma, the reduction of sea
floor oxygenation (Kouwenhoven et al. 20006) is re-
corded by the disappearance of oxyphilic benthic
foraminifera and by deposition of sapropelitic lay-
ers at every insolation maxima (precession minima)
in deep-water successions (Krijgsman et al. 2004).

2) At 6.7 Ma, the deposition of sapropelitic
layers started also at shallower depth (Sierro et al.
2001), even though locally discontinuous (Pissou-
ri and Tokhni sections, Kouwenhoven et al. 2000;
Gennari et al. 2018), indicating that low oxygen sea
floor also reached intermediate depth during pre-
cession minima; during this step, the intermediate-
dwellers globorotalids became less frequent and the
Globorotalia miotumida gr. disappears from the Medi-
terranean (Sierro et al. 2001; Morigi et al. 2007); dia-
tomaceous marls formed instead during precession
maxima (Filippelli et al. 2003).

3) At 6.4 Ma benthic foraminifer species
adapted to reduced oxygen content and high nu-
trient/organic matter fluxes to the sea floor incre-
ased in abundance (Bulinzina, Bolivina and Uvigerina,
mainly; Sierro et al. 2003; Kouwenhoven et al. 2000;
Taccarino et al. 2008; Gennari et al. 2018). At the
same time, planktic foraminifera recorded relevant
paleonvironmental changes in the water column
with the appearance of the endemic Mediterranean
species Turborotalita multiloba at 6.4 Ma, and the coi-
ling change of the negloboquadrinids from sinistral
to destral at 6.34 Ma (Sierro et al. 2001).

4) At5.97 Ma, the onset of the MSC (Manzi et
al. 2013) is commonly marked by the disappearance
of >125 um foraminifera and by distinctive peaks
in abundance of calcareous nannofossil taxa (Manzi
et al. 2007; Lozar et al. 2018; Manzi et al. 2018; Lo-
zar & Negri 2019). However, while in the reference
Falconara section the disappearance of calcareous
microfossil marks the MSC onset (Hilgen & Krijg-
sman 1999; Blanc-Valleron et al. 2002; Manzi et al.
2013), in some Sicilian sections calcareous micro-
fossils can disappear from the sedimentary record
well before the onset of the MSC (Catalano et al.

2016), making questionable the use of this criterion
alone for the identification of the MSC onset.

The four paleoceanographic steps mentio-
ned above have been placed in a solid chronologi-
cal framework obtained through the integration of
biostratigraphic, cyclostratigraphic, magnetostrati-
graphic and radiometric data of the pre-MSC suc-
cessions (e.g. Hilgen & Krijgsman 1999; Krijgsman
et al. 1999; Blanc-Valleron et al. 2002; Krijgsman et
al. 2004; Kouwenhoven et al. 2006; Di Stefano et al.
2010; Gennari et al. 2013 and Gennari et al. 2018;
Manzi et al. 2018).

Such improvement was associated with signi-
ficant advances in the physical stratigraphic corre-
lations between onshore marginal and intermediate
to deep water basins (e.g. Roveri & Manzi 2006; Ro-
veri et al 2014). Accordingly, during the first stage
of the MSC (5.97 — 5.60 Ma), the sulfate evapori-
tes of the Primary Lower Gypsum unit were de-
posited in relatively shallow water settings, whereas
an evaporite-free succession, barren of calcareous
microfossil, accumulated in deeper settings (Man-
zi et al. 2007; Dela Pierre et al. 2011; Gennari et
al 2013, 2018; Lozar et al. 2018; Manzi et al. 2018;
Lozar & Negri 2019). The absence of gypsum and
the scarcity (Gennari et al. 2018) or absence (Ca-
talano et al. 2016) of calcareous microfossils make
the identification of the onset of the MSC in these
deep water successions problematic. Although in
deep water successions body fossils can be scarce
or even absent, molecular fossils are usually well
preserved (Sinninghe Damste et al. 1995; Kenig et
al. 1995; Manzi et al. 2007; Natalicchio et al. 2017,
2019; Sabino et al. 2020) and may provide funda-
mental information about the paleonvironmental
and paleoceanographic evolution of the Mediter-
ranean basin across the onset of the MSC. In this
light, the Govone section (Piedmont Basin, NW
Italy) was the object of a recent paleonviromental
reconstruction based on the analysis of molecular
fossils (Sabino et al. 2020) as it represents a uni-
que opportunity to examine in detail the pre-MSC
interval and the transition to the first stage of the
MSC in a relatively deep water marginal basin in the
northernmost sector of the Mediterranean. In this
papet, by presenting detailed cyclostratigraphic, ma-
gnetostratigraphic and biostratigraphic (foraminife-
ra and calcareous nannofossils) data we discuss the
age model of the Govone section as proposed in
Sabino et al. (2020).
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Fig. 1 - A) Distribution of the Messinian evaporites in the Mediterranean basin (modified from Manzi et al. 2013). PB: Piedmont Basin; B)
schematic geological map of the Piedmont Basin and location of the Govone and Pollenzo sections (modified from Bigi et al., 1990.
TH: Torino Hill; MO: Monferrato. C) Stratigraphic relationships between the Messinian deposits of the Piedmont Basin along a N-S
profile, with location of the Pollenzo and Govone sections (modified from Dela Pierre et al. 2011). PLG: Primary Lower Gypsum;
RLG: Resedimented Lower Gypsum; SKB: Sturani key-bed; CRB: carbonate rich-layers; MES: Messinian erosional surface.

GEOLOGICAL AND STRATIGRAPHICAL
SETTING

The Piedmont Basin (PB) is a wide wedge-
top basin (Figs. 1A and B) filled with Eocene - Mes-
sinian sediments deposited upon Alpine, Ligurian
and Adria units juxtaposed during the mesoalpine
collisional event (e.g. Mosca et al. 2010; Rossi et al.
2009). Messinian strata are exposed in the northern
and southern margins of the basin; in the depocen-
ter they are buried below the Pliocene and Quater-
nary sediments of the Savigliano and Alessandria
basins (Mosca et al. 2010; Rossi 2017).

The upper Miocene succession starts with
outer shelf to slope fine-grained sediments referred
to as the Sant’Agata Fossili Marls (Tortonian-lower
Messinian) that record progressively more restricted
conditions preluding the onset of the MSC (Sturani
1973; Sturani & Sampo 1973; Violanti et al. 2013).
At the basin margins (Fig. 1C), this unit is follo-
wed by primary sulfate evaporites of the Primary
Lower Gypsum unit (PLG), deposited during the
first stage of the MSC (5.97-5.60 Ma, Dela Pierre
et al. 2011). Both these units show a cyclic stacking
pattern evidenced by the alternation of shales with

bioturbated marls in the Sant’Agata Fossili Marls
and with gypsum (both bottom grown selenite and
cumulate gypsum) in the PLG unit. Carbonate la-
yers of microbial origin are intercalated with the
marls in the uppermost part of the Sant’Agata Fos-
sili Matls in the Pollenzo section (Dela Pierre et al.
2012) as well as in the shales of the PLG unit (Dela
Pierre et al. 2014). Micropaleontological (Lozar et
al. 2010, 2018; Violanti et al. 2013) and geochemical
(Natalicchio et al. 2017, 2019; Sabino et al. 2020)
studies of the pre-MSC sediments (Sant’Agata
Fossili Marls) indicates that the lithological cyclici-
ty reflects precessionally-driven climate change, as
in other Mediterranean basins (Hilgen et al. 1999;
Blanc-Valleron et al. 2002; Sierro et al. 2001, 2003;
Kouwenhoven et al. 2006; Manzi et al. 2007; Gen-
nari et al. 2018). The same forcing mechanism is
assumed to have driven the lithological cyclicity in
the PLG unit (Vai 1997; Krijgsman et al. 1999). To-
wards the basin depocenter (Pollenzo and Govone
sections, Fig. 1C) the PLG unit makes transition to
a cyclical succession of shales and matls analogous
to the pre-MSC conterparts and attributed, from a
lithostratigraphic point of view, to the Sant’Agata
Fossili Marls. In the Pollenzo section, where the up-
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per part of the Sant’Agata Fossili Matls is exposed
above a slumped interval, the onset of the MSC has
been identified three precessional cycles below the
lower gypsum bed (Dela Pierre et al. 2011; Lozar et
al. 2018).

The PLG unit and its deeper water equivalent
deposits are unconformably overlain by chaotic and
clastic gypsum facies (Valle Versa Chaotic complex;
Irace et al. 2005; Dela Pierre et al. 2007), which are
correlated to the Resedimented Lower Gypsum
unit deposited above the Messinian erosional sur-
face (MES) during the second stage of the MSC
(5.60-5.55 Ma; Roveri et al. 2014). The Messinian
succession is closed by fluvio-deltaic and lacustrine
sediments, referred to as the Cassano Spinola con-
glomerates (Ghibaudo et al. 1985; Dela Pierre et al.
2011, 2016; Fig. 1c), recording the third stage of the
MSC (5.55-5.33 Ma; Roveri et al. 2008; Roveri et al.
2014).

MATERIALS AND METHODS

The Govone section

The Govone section (44°48'08"N; 8°07'34"E)
is located along the Tanaro River on the southern
margin of the PB (Fig. 1). It represents the more
distal section exposed in the PB and comprises the
entire MSC record (Dela Pierre et al. 2011) (Fig. 2).
The section starts with the Sant’Agata Fossili Marls
that comprise 35 lithological cycles (the object of
this study), made up of brownish laminated shales
that are overlain by light grey massive marls (Figs.
3A, B and C). The shales commonly contain fish
scales and isolated bones and plant debris; the
marls are bioturbated and, especially in the lower
part of the section, contain abundant bivalves, fish
and echinoid remains. The cycles range in thickness
from less than 1 m up to 2 m, and their stacking
pattern is organized as an alternation or cluster of
thinner (0-15 m interval) and thicker (15-20 m in-
terval) cycles (Fig. 2). Evidence of sin-sedimentary
instability was recognized at 27 m from the base
of the section where a shear plane interpreted as a
slump scar is present (Fig. 3D). In addition, in the
topmost part of the unit, the presence of slumps
makes the identification of the lithological cyclcity
difficult. However, the shale/marl couplets are still
recognizable, allowing to exclude any doubling of
the succession and to identify three additional litho-

logical cycles (Gm 33, Gm34 and Gm 35) below the
lower gypsum-bearing cycles of the PLG unit.

The Sant’Agata Fossili Matls are followed by
the PLG unit which is composed of nine litholo-
gical cycles represented by shale/gypsum couplets.
The gypsum beds, up to 1 m thick, are thinner than
those found in the more marginal sectors of the
Piedmont Basin (i.e. Pollenzo). They consist of la-
minated gypsiferous silty mudstones with tiny ran-
domly oriented crystals of primary gypsum, floating
within an abundant clayey fraction; isolated flat co-
nical structures, composed of clusters of mm to cm-
sized selenite crystals and referred to the branching
selenite facies (Lugli et al. 2010), are also common
(Fig. 3E). Above the PLG unit, clastic gypsum facies,
composed of normally graded beds of gypsrudites
and gypsarenites are observed. They are interbedded
with slumped laminated mudstones and with chaotic
intervals. These resedimented facies are attributed to
the Valle Versa Chaotic complex (Irace et al. 2005;
Dela Pierre et al. 2007) that is considered equivalent
to the Resedimented Lower Gypsum unit (RLG) de-
posited during the second stage of the MSC (5.60-
5.55 Ma; Roveri et al. 2014). In the Govone Section
this unit is floored by a sharp surface corresponding
to the MES (Fig. 3F). The resedimented facies are
finally overlain by fluvial to deltaic terrigenous de-
posits composed of conglomeratic beds (Cassano
Spinola Conglomerates) deposited during the third
stage of the MSC (Dela Pierre et al. 2011), i.e. from
5.55 to 5.33 Ma (Roveri et al. 2014).

Magnetostratigraphy

Fourty-five oriented standard paleomagne-
tic samples were collected using an electric drill.
Specimens were thermally demagnetized by incre-
asing steps of 20-30 °C up to a maximum of 410
to 540 °C and the natural remanent magnetization
(NRM) was measured with a 2G ENTERPRISES
DC-SQUID cryogenic magnetometer at the ALP
Laboratory (Peveragno, Italy). Magnetic suscepti-
bility was monitored to check changes in magnetic
mineralogy throughout the heating process.

The NRM intensities vary from 0.003 to 0.081
mA/m with an average value of 0.02 mA/m. In the
75% of the specimens, at 380 °C, magnetization in-
tensities are still at 30% of their initial value. Heating
at 410 °C resulted in an increase in both the rema-
nent intensity and the magnetic susceptibility, sug-
gesting the occurrence of mineral alteration during



Fig. 2 - The Govone section (left)

and detail of the studied part
(right), with location of the
studied samples and of the
lithological cycles discussed
in the text. MSC: Messinian
salinity crisis; VVC: Val-
le Versa Chaotic complex;
RLG: Resedimented Lower
Gypsum unit; MES: Messi-
nian erosional surface; LO:
Last occurrence; Cn: calca-
reous nannofossils; F: fo-
raminifera. Modified from
Dela Pierre et al. 2016.
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Fig. 3 - Field images of the Govone section: A) Lithological cycles in the Sant’Agata Fossili Matls (outlined by white dotted lines), consisting
of laminated shale (sh)/matls (ma) couplets. B) The topmost part of cycle Gm25, composed of marls (ma) and the basal part of cycle
Gm26, composed of laminated shales (sh). C) Stratigraphic level corresponding to the onset of the MSC (red line) in cycle Gm30. D)
The shear plane (red line) separating cycles Gm17 and Gm18. (E) Detail of the PL.G unit showing a flattened cone of gypsum growing
within gypsiferous silty mudstones. (F). The Messinian erosional surface (MES) separating the PL.G unit (below) from the Valle Versa
Chaotic complex corresponding to the Resedimented Lower Gypsum unit (above). This latter unit is floored by a layer of gypsrudites
(see inset), where some clasts are composed of twinned selenite crystals.

heating, After correction for bedding and core sam-  component analyses of Zijderveld diagrams (Figs.
ple orientations, the mean characteristic remanent  4A and B) by using the Remasoft software (Chadima
magnetization (ChRM) was calculated by principal ~ & Hrouda 20006).
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Micropaleontology

A total of 110 samples were collected to inve-
stigate the foraminifer assemblages; for every sam-
ple about 150 g of dry sediment were treated with
hydrogen peroxide for 12 hours, boiled with water
for about one hour, gently washed, sieved into grain
fractions greater than 125 um and 63-125 um and
weighed. Quantitative analyses were carried out on
the residue greater than 125 um, which was split into
aliquots containing approximatively 300 planktic fo-
raminifer tests, which were subsequently classified
at the species level. In the same aliquots benthic
foraminifera were counted to calculate the planktic/
benthic ratio as P/(P+B)*100 (P/B ratio) and the
composition of their assemblages was qualitatively
observed. Planktic foraminifer species were ot-
ganized in groups. N. acostaensis, N. atlantica (only
present in the lower part of the section) and rare
N. humerosa were lumped into the Neogloboguadrina
gr. and were plotted as left and right coiled speci-
mens, together with the right coiled ratio, calculated
as (right specimens)/(right +left spcimens)*100.
Globigerinoides gr. include G. bulloidens, G. obliquus,
G. extremus, and minor 1. #rilobatus and G. bollii; the
Globoturborotalita gx. is tormed by G. decoraperta, G.
apertura, G. nephentes and G. woodi. The Globigerinita
gr. includes G. mvula and G. glutinata.

For calcareous nannofossils a subset of 81
samples was prepared and investigated. We used
standard techniques for smear slide preparation
in order to retain the original composition of the
sediments (Bown & Young 1988) and performed
cross-polarized light microscope observations at
1250 magnification. Qualitative observations were-
carried out on the samples to check for biostrati-
graphic markers as well as to examine the trends
associated to the lithological cyclic pattern. In Tab.
1, we report the preservation of the specimens (G
= good, no etching or overgrowth; M = moderate,
slight etching or overgrowth, P = poor, moderately
etching or overgrowth), and their relative abundan-
ce estimates (very abundant, VA = more than 5
specimens/field of view (FOV); abundant, A = 2-4
specimens/FOV; common, C = one specimens/
FOV;, few, F = one specimens/ 5 FOV; rare, R =
one specimens/ 10 FOV). We followed the taxo-
nomy as presented in Perch Nielsen (1985), Young
(1998) and Young et al. (2020). We lumped several
species in groups as follow: D. variabilis, D. surculus,
D. pansus, and D. decorus in the Discoaster variabilis gr.;

D. broweri, D. braarudi, D. asymmetricusand D. calcaris
in the D. broweri gr. Pontosphaera spp. includes P. mul-
tipora, P. discopora, P. japonica, and P. syracusana; Rhab-
dosphaera spp. includes R. procera and R. clavigera.

REsULTS

Magnetostratigraphy

The study of the Zijderveld diagrams (Figs.
4A and B) is limited to the temperature range of 20-
380 °C since the heating at 410 °C causes a sudden
rise in the magnetization intensity and the conse-
quent random directions of the magnetization vec-
tors of the values up 580 °C.

The specimens show both normal and re-
verse directions that are mostly well-defined, with
a mean angular value (MAD) lower than 15.0°. All
the specimens are affected by a normal viscous re-
manent magnetization (VRM), from 20 to 150 °C,
consistent with the present magnetic field. In addi-
tion to the VRM, in the majority of the specimens
(ca. 75%) of both polarities two remanent magne-
tization components are present, an intermediate
temperature (Int-RM, 180-260 °C) component and
a high temperature (High-RM, 290-380 °C) com-
ponent. In the remaining specimens, only one re-
manent magnetization component is present in the
180-380 °C range (intermediate to high temperatu-
re, IH-RM, Fig. 4). The Zijderveld diagrams and the
equiareal projections clearly show that each compo-
nent is well-defined by the aligned values and no-
overlapping trend is recognized (Figs. 4A and B).

Both the HighRM and the IH-RMcompo-
nents point to the origin of the Zijderveld diagram
and are interpreted as the Characteristic Remanent
Magnetization (ChRM); this is the component con-
sidered for the magnetic polarity ascription. The
Int-RM components are well-defined and with the
same polarity of the ChRM, except in two cases
where the intermediate and High-RM components
are reversed and normal, respectively (samples rf 06
and rf 01, Fig. 5). Overall, the two sets of directions
are quite similar, although these are clearly distingui-
shable as two separated clusters.

The mean-directions obtained by Fisher’s Sta-
tistics (1953) of each component are well-defined
with a . values lower than 13.7° (Fig. 4C). For both
the polarities, the Int- and the high-RM compo-
nents are not statistically distinguishable, because



548 Gennari R., Lozar I, Natalicchio M., Zanella E., Carnevale G. & Dela Pierre I.

Specimen: rf15
M/Mpax .
1.0 /\ o

0 100 200 300 400 500 S Down
Specimen: rf2

T (°C)
N U
i - rf29
12; /‘ 000G 5
o8| —* o d

M/Mppax
Unit='5.08E-06 E

0 100 200 300 400 500
T(°C)

06 /’ Unit= 2.10E-06 ‘
/. W[
Qg

0.4 !

0.2

0.0

[ O B A I A | =3

LI I A A A I P4

VRM (20-150 °C)

n/N = 42/43, D = 358.2°, 1 = 40.6°, o 6.0°

LN S A A A I N N -4 7 I

Specimen: rf3
M/Mmax
1.0 1e.

N

04 50,
.‘01\ .

0.2 P /

q
0.0
0 100 200 300 400 500

T(°C)
Specimen: rf36 S D&Y

M/M oy
1.0

0.8 \

0.6

m

0.4 Unit= 9.66E-06 v

E
0.2

0.0
100 200 300 400 500

v ]

S Down

i . rf37
. o
\ Unit= 3.74E-06:
0.6
Wi
\ w E L O R N B |

Normal polarity
Int-RM (200-260 °C)
n/N =8/10, D =35.2°, 1 = 62.3°, o, = 12.6°
High-RM (290-380 °C)
n/N =7/9, D =349.5° 1 =60.7°, ay = 13.7°

; L |E
. N
s .
N 270( 0 0L b A |90
.
£ 180 °
Reverse polarity
Int-RM (200-260 °C)
n/N =25/25, D =176.2°, 1 = -37.8°, o, = 8.3°
High-RM (290-380 °C)
n/N =22/25, D = 183.6°, | = -46.0°, 0, = 7.8°
s B C

Fig. 4 - In A) and B) progressive thermal demagnetization results on reverse and normal polarity specimens, respectively. Left column: nor-
malized intensity decay of the remanent magnetization. The grey boxes refer to the thermal range of each component (see below);
middle column: Zijderveld diagrams. Solid/Open dots are the declination and apparent inclination values. The colored lines are the
interpreted components: the VRM in light blue, the intermediate temperature component (Int-RM) in orange, the intermediate to high
temperature (IH-RM) in green and the high temperature (High-RM) one in red; right column: equal-area projections of the magnetiza-
tion directions. Solid/Open dot indicates positive/negative inclination. The colored area in orange, green and red refers to the above
defined components. In C) equal-areal projections of the 1) VRM, 2) Normal polarity Int-RM, IH-RM and high-RM components, 3)
Reverse polarity Int-RM, TH-RM and high-RM components. Symbols: solid/open dot = positive/negative inclination; large dot and
ellipse = mean direction and 95% confidence limit, computed with Fisher’s (1953) statistics. Colors as above.

their 95% confidence ellipses intersect. Moreover,
the intermediate-T component is here interpreted
as a secondary overprint that contributes to deflect
the paleomagnetic direction by a few degrees, ac-

quired within a short time delay after sediment de-
position in an early diagenetic phase, and possibly
attributed to the occurrence of iron sulphide phase,
as greigite (Lucifora et al. 2012).
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The Virtual Geomagnetic Pole was compu-
ted for each specimen and its latitude was plotted
as a function of the stratigraphic position (Fig, 5),
indicating two magnetopolarity zones: a normal ma-
gnetic interval in the lower part of the section from
cycle Gm3 to Gm10 and a reverse polarity inter-
val from cycle Gm11 upward. Only in four cases
ambiguous directions were detected (Fig. 5). The
meaning of such directions is unclear and further
investigations are needed and will be addressed to a
check and a better understanding of the mineralogy
of the magnetization carriers in these layers.

Calcareous nannofossils

Qualitative observations show that calcareous
nannofossils (CN) are abundant to common in the
studied material, and are moderately to well preser-
ved (Tab. 1), some barren levels occurs in cycles

Gm19 (28.15 m), Gm20 (29.40 m) and Gm26 (36.65
m; Fig. 5 and Tab. 1). In particular, preservation is
mostly good in the lower part of the section, up to
8.40 m (Gmb), then it becames moderate up to 22.5
m (Gm14); from this level, CN preservation shows
a gradual deterioration trend from good to mode-
rate, with poorly preserved assemblages observed
from cycles Gm22 up to their las occurrence in cycle
Gm27 at 38.50 m (event 19b, Fig. 6). In general,
the assemblages are dominated by small placoliths,
such as Reticulofenestra minuta, Reticulofenestra haqi, and
Umibilicosphaera jafari and fairly abundant Coccolithus
pelagicus, Calcidiscus leptoporus, Pontosphaera spp., Heli-
cosphaera carteri, and Rhabdosphaera spp. Some of the-
se taxa are alternatively dominant according to the
lithotypes. Discoaster gr. (D. variabilis and D. bromweri)
and Sphenolithus abies show higher abundances in the
laminated shales; on the other hand, small placoliths
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and C. pelagicus shows high relative abundances in
the marls. The biostratigraphic markers Reticulofene-
stra rotaria, Amanrolithus primus, and A. delicatus are
very rare but continuously present from the bottom
of the section up cycle Gm27.

Foraminifera

As a general rule, foraminifera are more di-
versified and better preserved in the lower part of
the section than in the middle/upper part. The
absence of benthic foraminifera in laminated sha-
les is regularly observed and identified by the peaks
of the P/B ratio (up to 100%) (Fig. 6). The P/B
ratio shows a cyclical pattern, generally showing lo-
wer values in the marly hemicycles, except for cycles
Gm10 to 17, where the low number of benthic fora-
minifera lead to less pronounced P/B fluctuations.
Both planktic and benthic foraminifera temporarily
disappear in several layers, mostly in laminated shale
(Gmo6, GmY, Gm21, Gm24 and Gm27), but also in
the marls (Gm14, Gm23 and Gm26); consequently,
these layers have no value in the P/B plot in Fig. 6.
Absence of foraminifera is more frequent in the in-
terval between 33 and 38 m (cycles Gm23-Gm27);
above this interval foraminifera definitively disappe-
ar (event 19a at 38 m, Fig. 6).

Planktic foraminifera. 'The main components
of the planktic foraminifer assemblages are Orbu-
lina universa, Globigerina bulloides, Neogloboguadrina g.,
Turborotalita quingueloba and Globigerinella pseudobesa.
Globoturborotalita gr., Globigerinoides gr., Turborotalia
multiloba, globorotaliids (G. miotumida gr. and G. sei-
tula), the Globigerinita gr. and Globigerinella obesa are
less abundant or discontinuously present.

The dominant species exhibit wide relative
abundance fluctuations, generally following the li-
thological cyclicity, with values ranging from 0 to
30-60% (Fig. 6). Warm-oligotrophic taxa (O. univer-
sa, Globigerinoides gr. and Globoturborotalita gr.; Sierro
et al. 2003) have been plotted in the same graph
(Fig. 6); among these taxa, O. #niversa is the domi-
nant species and is particularly abundant in the la-
minated shale of cycles Gm6, Gm7 and Gm8 and
from cycle Gm14 up to Gm27; noteworthy this ta-
xon is absent in the marls with the exception for the
cycle Gm21. G. bulloides preferentially occurs in the
marls, but it can be consistently present (> 20%)
also in some laminated shales; its relative abundance
peaks exceed 20% from the base of the section up

to cycle Gm18, where it becomes scattered and with
relative abundance lower than 5%.

The Neogloboguadrina gr. shows higher abun-
dances in the marls with respect to the shales up
to the cycle Gm16, with the exception of a peak
in the shale of cycle Gm2 (Fig. 6); in this lower in-
terval, clusters of prominent abundance peaks (>
20%) are recorded in the cycles Gm4 to Gm6 and
Gm14 to Gm16. From cycle Gm17 up to the di-
sappearance of foraminifera in cycle Gm27, the
Neogloboguadrina gr. shows no clear preference for
any lithotype. As for the coiling direction, sinistral
specimens prevail on dextral in the lower part of
section up to cycle Gm14. From this level destral
specimens gradually start to increase in abundance,
showing high frequency fluctuations, with sinistral
forms still abundant in several levels of the cycle
Gm16, Gm17, Gm20, Gm21 and Gm26. Destral
forms show prominent abundance peaks only from
cycle Gm21 up to the complete disappearance of
foraminifera in the cycle Gm27.

T. quingueloba is almost exclusively present
in the matls showing prominent abundance peaks
(>40%) from cycle Gm18 upward (replacing G. bul-
loides within each lithological cycle; Fig, 6). G. pseu-
dobesa is quite ubiquitous, being abundant in both
marls and laminated shales, especially in the Gm7-
Gm18 interval, thereby showing a long trend simi-
lar to that characteristic of G. bulloides. Below and
above this interval both G. bulloides and G. pseudobesa
become subordinated to either the Neogloboguadrina
gt. and/or to 1. quinqueloba in the matls, while G.
psendoobesa alone alternates with O. #niversa in the la-
minated shale. Other minor taxa are those of the
Globoturborotalita gr. and Globigerinoides gr., which
are generally associated with O. wniversa peaks. The
Globigerinita gr. is ubiquitous from cycles Gm1 to
Gm27 with low abundance (<5%) and shows a pre-
ference for marly hemicycles, where two prominent
peaks occur (cycles Gm5 and Gm20). T. multiloba
always occurs associated to the more abundant T.
quingueloba; the former species shows low abundan-
ces in the lower part of its range (<6%) and three
prominent peaks in cycles Gm23, Gm25 and Gm26
(up to 40%).

Globorotaliids are rare to absent along the
section, except in two levels. The Globorotalia mio-
tumida gr. (represented by Globorotalia miotumida and
Globorotalia conomiozea) is present from the base up
to the cycle Gm8, being very rare (<1%) except in
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Fig. 6 - Plots of the P/B ratio and of the relative abundances of selected planktic foraminifer taxa. The warm and oligotrophic gr. (Sierro et al.
2003) is plotted as cumulative percentages of Orbulina universa (black), Globigerinoides and Trilobatus (dark grey) and the Globoturborotalita
gar. (light grey). In the Neoglobognadrina gr. plot, dark grey is right coiled specimens, black is left coiled specimens and the dotted line is
the ratio between right and left specimens. In the T. guingueloba/ muitiloba plot, black is T. guinqueloba and light grey is T. multiloba. In the
Globigerinella obesa/ psendobesa plot, black is G. obesa and dark grey is G. pseudobesa. Citcles represent bioevents as labelled and described
in the text: 10 is the last influx of Globorotalia miotumida gr.; 11 is the last regular occurrence of G. miotumida gr.; 12 is the first abundant
occurrence of I, multiloba; 14 is the first abundant influx of the Neogloboguadrina gr.; 15a is the paracme end of 1. multiloba; 17 is the
second influx of Globorotalia scitula; 18a is the last occurrence of T. multiloba; 19a is the last occurrence of foraminifera and 19b is the
last occurrence of calcareous nannofossil. Gsla and Gslb stand for the G. sezula minor influxes as reported in the text. In the left
column the recognized biozones (Lirer et al. 2019) are reported. In the sample column, grey bars and asterisks represent levels where
no foraminifers and no calcareous nannofossils occur, respectively.

the cycle Gm2 where it reaches 30%. Globorotalia
scitnla is continuously present but rare in the lower-
most four cycles and then it occurs with two minor
influxes in the cycles Gm12 and Gm17 (<1%) and
a major one in the cycle Gm24 (18.4%).

Benthic foraminifera. As shown by the P/B
ratio (Fig. 6), benthic foraminifera are generally

dominant in the marly hemicycles. These cyclical
increases in abundance are associated to changes
in the assemblage composition allowing the recog-
nition of three intervals from the bottom of the
section to cycle Gm27. In the first interval, from
cycles Gm1 to Gm10, the marly hemicycles (par-
ticularly in their central portion) are dominated by
Hanzawaia boueana, Melonis spp. and Cibicidoides spp.



552 Gennari R., Lozar I, Natalicchio M., Zanella E., Carnevale G. & Dela Pierre I.

over the Bulimina gr. (mostly Bulimina echinata with
rare Bulimina aculeata) and the Bolivina gr. (Bolivina
dentellata, Bolivina efrusca, Bolivina catanensis, Bolivi-
na dilatata, Bolivina spathulata). The second interval
(Gm10-Gm18) is characterized by low abundance
of benthic foraminifera so that the P/B ratio retains
values higher than 60% also in the marls. This over-
all decreasing trend of abundance is associated with
a frequency increase of the Bulimina and Bolivina grs.
at the marl/shale transition or in the shales. From
cycle Gm19 up to the complete foraminifer disap-
pearance in cycle Gm27 (third interval), the P/B
ratio shows again prominent peaks, with high fluc-
tuations from 0 to 100%; benthic abundance peaks
are here dominated by the Bulimina and Bolivina grs.
only, while H. boueana, Melonis spp. and Cibicidoides
spp. are completely absent.

DiscussioN

Cyclostratigraphy

The lithological cycles of the Govone section
are mirrored by the cyclical pattern of the relative
abundances of planktic foraminifer and, less regu-
larly, benthic foraminifer assemblages. In addition,
qualitative observations show that also calcareous
nannofossils display similar fluctuations. Calcareous
plankton taxa associated to warm and oligotrophic
conditions such as O. wniversa among planktic fo-
raminifera (Sierro et al. 2003) and §. abies and Di-
scoaster spp. (Tab. 1) among calcareous nannofossils
(Flores et al. 2005) are dominant in the laminated
shales, where benthic foraminifera are particularly
scarce or absent (Fig 0). In contrast, in the marls
planktic foraminifer assemblages representative of
colder and more eutrophic environments are asso-
ciated with a variable amount of benthic foramini-
fera, which either show a predominance of oxyphi-
lic species (up to cycle Gm19) (Kouwenhoven et al.
2006) or of taxa adapted to low oxygen levels/high
food availability (Kahio 1994). The calcareous nan-
nofossil assemblages of the marly semicouplets are
dominated by small placoliths (R. winuta, R. hagi and
U. jafari) and C. pelagicus (Tab. 1), suggesting high nu-
trient levels, temperate climate, a well-mixed water
column and a shallow nutricline (Flores et al. 2005).

The fluctuations between warmer/oligotro-
phic and colder/eutrophic calcareous plankton as-
semblages are commonly observed in the pre-MSC

successions of the Mediterranean and are conside-
red the response to climatic and oceanographic va-
riations triggered by precessional forcing (Hilgen &
Krijgsman 1999; Sierro et al. 2001; Blanc-Valleron
et al. 2002; Kouwenohevn et al. 2006; Gennari et
al. 2018; Lozar et al. 2018). During precession mi-
nima (insolation maxima), higher runoff (Simon et
al. 2017) and warmer temperatures promoted an in-
creased buoyancy of the surface waters and favored
the stratification of the water column (Natalicchio
et al. 2019). These conditions likely promoted the
proliferation of warm water taxa in the uppermost
water column and hindered the replacement of the
oxygen consumed at the seafloor by the oxydation
of the organic matter. The resulting bottom oxygen
depletion prevented the proliferation of benthic fo-
raminifera.

During precession maxima (insolation mini-
ma), the winter cooling promoted the mixing of the
water column, the consequent fertilization of the
surface layers and the oxygenation of the sea flo-
or. This new configuration favored the proliferation
of surface dwellers planktic foraminifera preferring
cold temperature and high nutrients (G. bullvides and
T. quingueloba; Sierro et al. 2003), as well as the co-
lonization of the seafloor by benthic foraminifera
adapted to high nutrients levels, such as those of
the Bolivina and Bulimina grs. (Murray 2000).

Biomagnetostratigraphic events

The Messinian age of the Govone section is
suggested by the foraminifer G. miotumida gr. and
the calcareous nannofossil _Amaunrolithus delicatus
occurrences from its base. The first common oc-
currences (FCOs) of these taxa postdate the Torto-
nian/Messinian boundary at 7.24 Ma (Hilgen et al.
1995) and 7.221 Ma (Hilgen et al. 2000), respecti-
vely. Furthermore, the following planktic foramini-
fer bioevents (Fig. 0, labelled after Sierro et al. 2001
and modified in Gennati et al. 2018) were identified:

The last influx (LI, ca. 30%, event 10) and
the last regular occurrence (LrO, event 11) of the
G. miotumida gr. are observed in cycles Gm2 and
Gmd4, respectively. The former event was observed
in the Perales section in the cycle UA7 dated at 6.55
Ma (Sierro et al. 2001). It predates the last (regular)
occurrence of the G. miotumida gr., which is more
commonly reported and dated at 6.50 Ma (see also
Hilgen & Krijgsman 1999 and Kouwenoheven et
al. 2000).
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estimates:  very abundant, GOVA-1.1 145 G [ClC P RIF|F P ClA[P[R R R| P[P
VA = more than 5 speci- GOVA-12 210 [MG[ R[ R PIR|IVAIF|R[R|P|P PIRIRIR P P PP
. GOV A1 230 | M [R[R PIRIVA[F|R|R|P|R RIR[P|R P P
mens/field of view (FOV); GOVA-1.4 280 G [A[F[P[P FIF[F[Cc[P|C FIF[P|R[P R P[P
abundant, A = 2-4 speci- GOVA12 330 | G[F|C ClFIF[R]P]F cClF[P[R P clP|R
3 _ GOV AO.1 370 M [R[R Pl PIVA[C|F|P|R|F RIR[P|R R
mens/FOV; common, C = GOVAO.2 390 | M [R[F PIVAIR|FIP|P|F RIP|P|F F P
one specimens/FOV; few, GOVA13 430 G [FIF|[P|R CIA[F PIF RIFIP|R P CIRIR
; GOVA0.3 240 G [F|F R FlclcC PlC FIR[ PR CIRIR
F = one specimens/ 5 FOV; GOVA 1.4 290 G [C|F[P[P FICIFIRIP|F RIR|P|R ALR[R
rare, R = one specimens/ 10 GOVA15 545] G [R|F| P RIFIFIR[P[C R|R R B Al C[R
GOVA 16 590 G [P|R[ P VA[R|P|P|P RIF|P|R Pl P P
FOV. GOV A2.1 660 G [ F|F R FICIFIF[RI[R RIPIP|R|A P P
GOVA22 730 G [F[R R VA[F|R[C[P PR P
GOVA23 780 G [C[A F FIA[FIF[P F FlP|P P
GOVA24 820 G [P[R VA[ F PIR|P P P
GOVA25 840 | G |[P|F|P|P VA|R|R|R|R|P PlP|P|P P P P
GOVA43 1245] M | R C CIA[P[F C P R
GOVA44 12,85] M RIR|F CIA[R R|P F Pl P F
GOVA45 1335] M | P Flc A[C|R[C F R|F P
GOVA5.1 1395] M [RIR[P[R AIR|FIR[PIRIR[A[C F P PR
GOVA52 1435] M | R| R c Clc[Rr PIFIR|[F[A PP R P
GOVAG6.4 1610] M | F| R P AlFICIR|R|R FIF[P C P
GOVA7.A 1640] M [ R| P P VA[P|R|R[P[P FIA[P P
GOVA7.2 1670] M | C PP A[FIA[R|R|F FIR[R P
GOVA7.3 17,00] M PIP|P VA|R|R| P R RI PR P P
GOVA74 1730] M P[P B VA P| R PR R P[P P R
GOVA75 1770 M | P PP VA[ Al P R| P PIFIR
GOV A 81 | 17.90] M | R R CIVA[FIR|P[R PR P
GOV AB2 [1840] M| C|P|[P[R CIVA|[R[R|P|F PIR|P R P
GOV A 83 | 1870] M [ R PP A[VA[P|R P PP
GOV A9.1 18,90] M R VAIR|R|R|P[R R
GOVA92 1925 M | P| R FIR[A[R[RI|R R PlVA[P|R P
GOVA9.3 1970] G [P| P PIA[A[R[P P A[R[P
GOVA101 | 2000] M | F RIR|A[F|P[P P PIA[R
GOV A9.1bisne| 20,15] M | F | P RIPIAIR[R[R R PIA[R P
GOVA102 | 2030] M | F PIRIRIVA|R|R|P[P[R AR P
GOV A9.2new | 2055] G | R PIP|P|VA|C|R[R R CIR P
GOVA103 | 20.75] M [R| P CIR[A[R[C|F[P[R RIFIR[P P
GOVA93new | 21,10] M | C PIRIRIVAIR[R[P[P[P CIR P
GOVA94new [2175]| M [C|P| P[P R[A[P|F|R[P[P PIA[P
GOVAO5new | 2250] M | F|{R|P|C|P|C|R|F|R[P[A PIA[R|R P P P
GOVB 0.2 24.25] G R F A[A[R R F P PR
GOVB 0.4 24.85] G RIR FIVA[ F R|F R Pl F
GOV B 1.1 2510] G | P F AlF|C PIFIRIF P P
GOVB 12 2540] G R A Alclc F R B
GOVB 1.3 2570] G R R A|VA[ F R P R P
GOVB 1.4 2590] G RIR|R AlA[F PR c P P P
GOV B 2.1 26,15 MP| R| R PIRIVAIF|F|R[P|P FIFIFIR
GOVB 22 2660] G [P|R|P|R A[A[R F P P
GOV B 2.3 27.15] G RIP|A RIF|C PlcC C P
GOV B 24 28,15
GOV B 25 29.10] G | R PlcC AlA|C RIFIF|P P
GOV B 26 29,40
GOV B 3.1 29.70] G C R CIRIA[C|P PlclcC R Pl P P
GOVB3.2 30,0] G [R|C R RIR[A[A|[P|P Flc R P
GOVB 33 3020] G [R[C R AIR[F[R clc R c
GOV B 4.1 30,65 MIG| P | P PIPIVA[FIR[P F c PP P
GOVB42 309 G P[P PIVA[CIR|R|P|R FIP|R[P P
GOVB 4.3 3160] G [P|R PIVA[C|F|R F RIPIR|P P
GOVB 4.4 31.75] G [P P PIVA[A[R FLP RIPIP|P P P
GOV B 4.1 BIS | 32,10 MIP| R| P RIRIA[F|C|F|F[R FIP[P[R P
GOVB42BIS | 3280 VP | R| P RIFIA|C|R[FIR[A PIR|R|R
GOVB4.3BIS | 33,25 MIG| P | P PIPIVA|A[F|[P|R|P PIR[P R| P P
GOV B 5.1 3360] P | R PIR|FIF|R|P|P|VA P P
GOVB5.2 3435 M| RIRIR[RI[R|C|FIC|F[P[F PIA[R|F P
GOV B 5.3 3475 M [ PR PIPIPIP|FIR R P VA R
GOVB54 3481 |MG| R| P CIR[A[A[P P PIR|[P|P P
GOV B 6.1 3510 M [R|R FIP|A[F[A[P[P[R FIR[P[R PR P P
GOVB 6.2 3550 |[MIG| P | P P AlC|F PR CIA[P[R P P
GOV B 6.3 36.15] G [P| P RIPIA[A[R P P R| P Pl P
GOVB 7.1 36,30 MP| R| R R A[R|P|P[R FIR[ P[P R
GOVB 7.2 36,65
GOVB7.3 3710 M [ P[R Pl PIVA[A[ P P R P R P P
GOVB7.4 37,70 GIM| P PIR|VA[A[P P P P P
GOV B 8.1 3800 P [R| P PIRIVA[F|R[P|P|P PlP|P P

The first abundant occurrence (FAO, event 12)
of T. multiloba is recorded in cycle Gm 12 (5.12%), im-
mediately followed by a second influx in cycle Gm 13
(3.24%); the FAO was documented and dated by Sier-
ro et al. (2001) in cycle UA15 of the Perales section
at 6.415 Ma. These low occurrences are followed by a
paracme which ends in cycle Gm 18 (PE, event 15a);

from this cycle upwards other abundance peaks are re-
corded up to cycle Gm 26, where the last occurrence
(LO, event 18a) of this taxon is observed. Although the
relative abundances in the Govone section are conside-
rably lower compared with other Mediterranean sec-
tions (e.g Hilgen & Kirijgsman 1999; Sierro et al. 2001),
T mnltiloba shows a remarkably similar pattern.
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The remarkable abundance increase of de-
stral neogloboquadrinids at the top of the thick
cycle Gm14 confidently correlate the destral N.
acostaensis FAO (event 14) of the Perales section
(Sierro et al. 2001). However, above this event a
straightforward and continuous dominance of de-
stral forms is not observed in the Govone section;
several fluctuations of the coiling ratio are still pre-
sent in the Gm14-Gm?27 interval and sinistral influ-
xes, such as those observed in the Perales reference
section at 6.12 and 6.08 Ma (e.g. Sierro et al. 2001),
are not recognized.

Three influxes of G. scitula occurs along the
section (cycles Gm12, Gm17 and Gm?24). The two
lowermost influxes show abundances lower than
1% (Gsla and Gslb in Fig. 5) and are not consi-
dered for biostratigraphical correlations. The more
relevant influx of G. seitula observed in cycle Gm24
(18.4%) occurs within the acme interval of T. zulti-
loba and it is therefore correlated with the second in-
flux of G. scitula (event 17) observed in cycle UA29
in the Perales section, with an astronomical age of
6.099 Ma (Sierro et al. 2001).

The last occurrences (LOs) of foraminifera
and calcareous nannofossils are recorded at the base
and at the top of the shales of cycle Gm27 (event
19a and 19b, respectively). The tempo and mode
of these events is different than in the neigbouring
Pollenzo section, where the two groups, as well as
foraminifera with size > 63 and < 125 um disappear
at slightly different levels (in two successive preces-
sional cycles). In addition, in the Pollenzo section
calcareous nannofossils show remarkable peaks of
peculiar taxa (Sphenolithus abies, Helicosphaera carteri
and Umbilicosphaera rotula; 1.ozar et al. 2018) just pri-
or to their last occurrence that were not observed
in Govone.

Based on the bioevents listed above, three
planktic foraminifer subzones were identified ac-
cording to Lirer et al. (2019), namely the interval
Subzone MMil3c (lower part of the section, up to
cycle Gm14), the interval Subzone MMil3d, from
cycle Gm14 to cycle Gm27, and, finally, the Non
distinctive Zone above cycle Gm27, where both
foraminifera and calcareous nannofossils disappear
(Fig. 6). As for the CN, the presence of _A. delicatus,
whose first occurrence (FO) best approximate the
Tortonian/Messinian boundary (Hilgen et al. 2000),
and of Reticulofenestra rotaria, a fairly reliable biostra-
tigraphic marker in the Mediterranan region (Flores

et al. 2005), clearly indicate the Messinian age of
the Govone sediments. However, the distinction
between the MNN11b and MNN11c¢ zones, mat-
ked by the FO of Nicklithus amplificus at 6.689 Ma
(Raffi et al. 2003) was not identified because of the
absence of this taxon in the Govone section. The
absence of N. amplificus is not surprising as it is ge-
nerally rare and discountinously observed in other
Mediterranean sections (Morigi et al. 2007). As for
the magnetic intervals, the position of bioevent 12
(FAO of T. multiloba) in cycle Gm 12 indicates that
the reversal identified at 17 m from the base of the
section within cycle Gm10 can be interpreted as the
C3An.2n/C3An.1r boundary, dated at 6.436 Ma
(Sierro et al. 2001; Gradstein et al. 2012). Above this
magnetic boundary, a thick reversal interval spans
from the top of C3An.2n to the top of the sampled
section; this long reversal includes bioevents 15a, 17
and 18a that in the Perales section (Sierro et al. 2001)
occur within the normal C3An.1n chron. Thus, the
comparison between our data and the biomagne-
tic pattern of the Perales section reveals that the
C3An.1n chron was not recorded in the Govone
section. Therefore, the base of C3r chron cannot be
used to approximate the advent of the MSC, which
was identified on the basis of the biostratigraphic
and cyclostratigraphic patterns. The reason behind
the absence of the record of C3An.1n chron pro-
bably involves the magnetic carriers and the timing
of the paleomagnetic acquisition. This topic, as well
as the nature of the detected ambiguous directions,
needs further investigation that will be addressed in
a future work.

Age model and implications for the
Piedmont Basin stratigraphy

The integration of biostratigraphic, magneto-
stratigraphic and cyclostratigraphic data allows the
bed-by-bed correlation of the Govone section with
the Perales section of the Sorbas Basin (Sierro et
al. 2001) and, consequently, the tuning to the 65°N
summer insolation curve of Laskar et al. (2004)
(Fig. 7). Although the succession of bioevents in
the Govone section is consistent (homotaxic) with
that recognized in Perales, some discrepancies occur
in the cyclostratigraphic position of the considered
bioevents. In particular, considering the C3An.2n/
C3An.1r boundary as the main tie point, we obser-
ve that in Govone the LRO and LI of the G. wio-
tumida gr. occur two and three precessional cycles,
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respectively, in advance with respect to the Perales
reference section (Fig. 7). As shown by Morigi et al.
(2007), the diachroneity of these two events were
already observed in the eastern Mediterranean Pis-
souri section. Furthermore, the highly intermittent
occurrences of abundance peaks of this group and
the general low abundance at the end of its range
(Sierro et al. 2001) suggest that the identification of
the exact position of the LRO and LI may depend
on sampling resolution.

While the FAO of T. wmultiloba (cycles
Gm11/12, 6.41 Ma, event 12) is consistently recot-
ded one precessional cycle above the magnetic re-
versal C3An.2n/C3An.1r (6.436 Ma), the FAO of
destral N. acostaensis (event 14) occurs in Govone at
the top of the thick cycle Gm14, four cycles above
the magnetic reversal instead of five as in the Pera-
les section (Sierro et al. 2001). This early occurrence
is validated by two cyclostratigraphic observations:
1) the succession of thin and thick laminated shales
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in the interval comprised between cycles Gm7 and
Gml4 is consistent with the pattern of the inso-
lation curve between 6.52 and 6.4 Ma (Fig. 7). In
this interval this curve is typified by less and more
pronounced fluctuations of insolation maxima,
originated by the precession/obliquity interferen-
ce and giving rise to thinner and thicker layers of
laminates shales, respectively. 2) The thickness of
cycle Gm14, which suggests its correlation with the
eccentricity minimum centered at 6.36 Ma (cycle
UA17 in the Perales section). These observations
allow to reconsider the minor influx of G. setula in
the cycle Gm17 (indicated as event “15?2”) as equi-
valent of the first influx documented in the Perales
section (Sierro et al. 2001), three cycle above UA17
(Fig. 7). As suggested for the G. miotumida gr., the
identification of the this G. sefula peak may be bia-
sed by an insufficient sampling resolution.

The erosion associated with the slump scar
possibly explains the lower number of lithological
cycles (10 instead of 12) between the double cycle
Gm14 (i.e. the FAO of dextral N. acostaensis) and the
straightforward second influx of G. scitula (Gm24,
event 17) in the Govone section with respect to the
Perales section (UA17-UA29). This inconsistency
reflects the presence of a hiatus of two lithological
cycles in correspondence of the slump scar (Fig, 7).
The second influx of G. scitula is important to tune
the upper portion of the section above the slump
scar in the absence of clear sinistral influxes of the
Neogloboguadrina gr. 1t allows the calibration of two
additional T. multiloba bioevents (PE, event 15a and
LO, event 18a), which were also recognized in the
Perales and Tokhni sections (Gennari et al. 2018).
In Govone, the PE and the LLO of T. multiloba occur
six cycles below (Gm18) and two above (Gm20),
respectively, the second influx of G. scitula (Gm24),
exactly as in the Perales section (cycles UA29 and
UA31). The correlation of the LO of T. multiloba
is strengthened by the fact that it occurs in thick
double cycles (Gm26 and UA31) deposited during
an eccentricity minimum. Accordingly, the onset of
the MSC — corresponding to the timeline at 5.97
Ma — was indentified in the Govone section at the
base of the matls of cycle Gm30), i.e. six lithologi-
cal cycles above the second influx of G. saitula and
six lithological cycles below the first gypsum bed
of the PLG unit. Correlation with the Perales sec-
tion indicates that the marls of cycle Gm30 cot-
respond to the first gypsum bed of Perales (cycle

PLG1, Manzi et al. 2013), which appears six cycles
above the second influx of G. setula. This implies
that the disappearance of calcareous plankton and
benthic foraminifera in the Govone section predates
the MSC onset of at least three cycles compared to
other Mediterranean sections, where the advent of
the crisis is approximated by this bioevent (Gennari
et al. 2013; Manzi et al. 2013; Violanti et al. 2013;
Gennari et al. 2018 and Lozar et al. 2018). Such early
disappearance is likely the result of eatly diagenetic
processes, responsible for the dissolution of the cal-
careous tests, as already proposed by Dela Pierre et
al. (2014) to explain the absence of calcareous tests
in the lowermost gypsum-free PLLG cycles of the ge-
ographically close Pollenzo section. In the pre-MSC
deposits of the Govone section this hypothesis is
corroborated by the decrease of calcareous nan-
nofossil preservation and the increase in frequency
of levels barren in foraminifera from cycle Gm23.
However, the validation of such hypothesis requires
further work, devoted to the reconstruction of the
diagenetic evolution of the sediments, that is beyond
the scope of this paper. Here, we stress that, unlike
in Govone, in the neighbouring Pollenzo section fo-
raminifera larger than 125 pm are recorded until the
MSC onset (first PLG cycle, Fig, 7) and that small-si-
zed foraminifera and calcareous nannofossils are still
recorded above this level (Violanti et al. 2013; Lozar
et al. 2018; Lozar & Negri 2019). This suggests that
the disappearance of calcareous microfossils is not
a synchronous event within the PB and that its po-
sition may have been controlled by a change of the
preservation degree of calcareous tests.

The calibration of the LO of T. multiloba by
means of the second influx of G. sctula represents
an important improvement for the Messinian bio-
chronostratigraphic framework of the Piedmont
Basin. The LO of T. multiloba was used to build the
age model of the Pollenzo section (Lozar et al. 2018
and references therein), a key section for paleoenvi-
ronmental reconstructions in the northern Mediter-
ranean (Natalicchio et al. 2017, 2019). Outside the
Piedmont Basin, this bioevent has been only used
for the age model of the Tokhni section (Cyprus;
Gennari et al. 2018). Remarkably, in both the Tokhni
and Pollenzo sections, the LO of T. multiloba preda-
tes the onset of the MSC of about four precessional
cycles; however, the onset of the MSCis recognized
on the basis of two bioevents that still retain some
uncertainty, i.e. the disappearance of foraminifera
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(see above the diagenetic bias problem) and the “cal-
careous nannofossil bioevents” as defined in Lozar
et al. (2018) and Lozar & Negti (2019). Our data in-
dicate that the LO of T. multiloba is a further and ea-
sily recognizable biovent useful to approximate the
onset of the MSC. A further critical aspect regarding
the Govone section is the greater abundance of this
taxon (ca. 30%) with respect to the Tokhni and Pera-
les sections (<5%). However, similar contents were
observed in the Pollenzo sections (Fig. 3 in Violanti
et al. 2013), suggesting that the higher abundance of
T. multiloba at the end of its range is a characteristic
feature of the Piedmont Basin, not reflected in the
southern Mediterranean (Sierro et al. 2001; Blanc-
Valleron et al. 2002; Morigi et al. 2007).

CONCLUSIONS

The integrated study of the Govone section
has provided insights in terms of both paleoenvi-
ronmental evolution and Messinian stratigraphic
framework concerning the uppermost part of the
pre-salinity crisis phase in the Piedmont Basin. Our
dataset provide indications for lower sea surface
temperature and higher nutrient content for the
northern sector of the Mediterranean compared to
the south-western and eastern sectors. Biomagneto-
stratigraphic data indicate that chron C3An.1n is not
recorded in the section, pointing to the overprint of
a normal polarity signal with a reverse one. Our age
model also shows that calcareous microfossils disap-
peared before the onset of the MSC, most likely in
response of diagenetic processes. In the absence of
a coherent magnetostratigraphic pattern, we propo-
se that the disappearance (LO) of T. multiloba, whose
age is close to the top of chron C3An.1n, is the clo-
sest bioevent to the MSC onset.
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