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Abstract

We present new chronological constraints for a reference European palaeoflora based on
integrated stratigraphic, palaeobotanical, palacomagnetic and micropalaeontological analysis
carried out on the Pliocene section of Ca' Viettone, northwestern Italy. This site is
characterized by rich fossil plant records of high taxonomic diversity, good preservation, and
varied taphonomic mode. Palaeofloral analysis shows that the Ca' Viettone assemblage
reflects a chronologically delimited and distinguishable stage of vegetation development in
northern Italy (called Ca' Viettone Florenkomplex). Palaeomagnetic analyses show a
dominant normal polarity that, however, seems to be the result of a remagnetization process
due to secondary oxidation. Layers with no evidence of oxidation have registered a reverse

polarity, which likely represents the original magnetization of the sediments. These results, in



combination with biochronological indications, suggest that deposition of the succession
preceded the Gilbert-Gauss reversal and took place during the final part of the Gilbert chron.
This confirms a late Zanclean age for the rich Ca' Viettone palaeoflora and allows us to
propose this locality both as reference for a regional Florenkomplex and as a representative

example of terrestrial vegetation in Europe during the early Pliocene warm interval.

Keywords: Palaeobotany; Magnetostratigraphy; Foraminifers; Cenozoic; Florenkomplex;

Piemonte.

1. Introduction

In recent decades, great attention has been focused on the study on the Earth's climate
evolution during the Pliocene, which is characterized by global warmth (Salzmann et al.,
2011; Fedorov et al., 2013; De Schepper et al., 2013, 2014; Dowsett et al., 2016). This warm
interval, preceding the Pleistocene glaciations, is particularly interesting because it provides
evidence for past and future climate model simulations (Salzmann et al., 2011; Haywood et
al., 2013, 2016; Prescott et al., 2014, 2018). Great attention has been paid to the relatively
short-lived mid-Pliocene Warm Period (mPWP) of the Piacenzian Stage (3.6 — 2.6 Ma; De
Schepper et al., 2013, 2014; Prescott et. al., 2014, 2018 and reference therein); however,
fewer studies have focussed on the longer-lived early Pliocene warmth of the Zanclean Stage
(5.3 to 3.6 Ma). Fedorov et al. (2013) stated that this time interval was, in some aspects, very
different from the world of today: surface temperatures in polar regions were so much higher
that continental glaciers were absent from the Northern Hemisphere, and sea level was
approximately 25 m higher. Several aspects remain incompletely understood and none of the
currently proposed mechanisms can reproduce all of the key Pliocene climate features

(Fedorov et al., 2013).



The Pliocene climate model simulations must be evaluated against available proxy
data (Haywood et al., 2013, 2016). The fossil record of terrestrial vegetation is a particularly
important proxy for assessing Pliocene climate oscillations (Salzmann et al., 2011; Dowsett et
al., 2016; Prtescott et al., 2018). For European successions, early Pliocene terrestrial
vegetation dynamics are mainly based on pollen diagrams (Zagwijn, 1992; Popescu et al.,
2006; Barron et al., 2010; Bertini, 2010; Jiménez-Moreno et al., 2010). Detailed
morphological analyses of pollen grains have contributed to define the palaeofloral spectrum
during this period (Van der Burgh and Zetter, 1998; Vieira et al., 2011). Plant macrofossil
assemblages (in particular carpofloras) can, also, significantly increase the taxonomic
resolution of the palaeofloral documentation (Bertoldi and Martinetto, 1995; Van der Burgh
and Zetter, 1998; Bertini and Martinetto, 2011).

A few plant macrofossil localities, reliably dated to the early Pliocene on the basis of
non-palaeobotanical methods, have been reported in Germany (Wetterau's localities: Mai and
Walther, 1988; Lower Rhine Basin: Van der Burgh and Zetter, 1998; Schafer et al., 2005;
Schéfer and Utescher, 2014) and in Hungary (Gerce and Pula: Erdei et al., 2007), whereas the
age of two Romanian localities is less well-assessed (Baraolt, Borsec: Mai and Walther,
1988; Ticleanu, 1995). However, most of the Pliocene macrofloras of Europe come from
sections that still lack precise dating constraints (Brunssum, The Netherlands: Reid and Reid,
1915; Zagwijn, 1990; Kroscienko, Poland: Szafer, 1954; Gerstungen, Germany: Mai and
Walther, 1988; Nochten-Ost 4803, Germany and Ruszow, Poland: Mai and Wéhnert, 2000;
Sessenheim, France: Teodoridis et al., 2009; Vildstejin, Czech Republic: Teodoridis et al.,
2017). All of these sections are short and poorly exposed.

In northwestern Italy, the Messinian and post-Messinian tectonic setting led to the
formation of a broad marine palaeogulf surrounded by the western Alps (Damarco, 2009;

Ghielmi et al., 2010), which favoured the preservation of a very rich terrestrial plant record in



thick Pliocene marine to continental successions. Well-dated layers with early Pliocene
palaeofloras occur in marine successions (Cavallo and Martinetto, 1996; Martinetto et al.,
2015). Similar palaeofloras are also found in several non-marine sections (Fig. 1) of
unresolved Pliocene to early Pleistocene age, providing the richest records as for taxonomic
diversity and abundance of diagnostic plant remains (Bertoldi and Martinetto, 1995;
Martinetto, 1995, 2015). However, such valuable information is difficult to get organized in a
precise chronological frame. Even if good results have already been obtained for the dating of
a few key-sections in the Piacenzian-Gelasian interval (Martinetto et al., 2007; Irace et al.,
2017), several other rich local floras still pertain to stratigraphic sections with very poor
dating elements (Basilici et al., 1997; Cavallo and Martinetto, 1996, 2001; Martinetto, 1995,
2001, 2015).

Many of these local floras are characterized by very similar plant taxa composition;
for this reason, in some previous studies the definition of collective units, comprising both
dated and undated floras, was considered as a reliable approach for giving an overview
(Martinetto, 1995; 1999; Martinetto et al., 2007). Such units were described with the German
plural term "Florenkomplexe”, whose singular form is "Florenkomplex". The Florenkomplex
can be considered as an ecostratigraphic unit (Retallack, 1978), which also subtends
biochronological information: “a group of local fossil floras reflecting a chronologically
delimited and distinguishable stage of vegetation development” (Mai and Walther, 1978).
Each Florenkomplex is named from a specific locality bearing a representative local
palaeoflora (e.g. Florenkomplex Wiesa, see Mai, 1995 and 2000). Here, we adopt the
Florenkomplex concept (despite the doubts casted by Kvacek (2010) on its appropriateness)
to order plant macrofossil assemblages in a time sequence based on ecostratigraphic events.
We strongly suggest to avoid the English translation “floristic complex” that may be

ambiguous as it is used in a different context for modern floras (e.g., Tzonev et al., 2011).



In the Italian Cenozoic only two Florenkomplexe, mainly differentiated by the
taxonomic frequency of so-called “subtropical elements”, have been distinguished and
determined so far: "Ca’ Viettone" and "Stura" (Martinetto, 1995, 1999). Martinetto (1995)
used the shared high percentage (25-55%) of genera of “woody subtropical taxa” to assign
the assemblages of several localities to the "Ca’ Viettone" Florenkomplex, which includes as
typical representatives: Cyclea, Ficus, Cinnamomum, Litsea, Mallotus, Meliosma
canavesana, several Rutaceae, Symplocos spp., three species of Pentaphylaceae and
Trigonobalanopsis. The reconstructed palaeovegetation of "Ca’ Viettone" Florenkomplex
was compared (Martinetto, 1995; Kovar Eder et al., 2006) on a floral basis to the cooler types
of forests in the modern “subtropical vegetation zone” of East Asia (Hou, 1983), and the
recent Asian analogue allowed to reconstruct a humid climate (alternatively classified as
warm temperate or subtropical: Peel et al., 2007 versus Baker et al., 2010) with Mean Annual
Temperature of 15-17°C and Mean Annual Precipitation above 1000 mm per year.

The name "Ca’ Viettone" (meaning Viettone House) originates from a hamlet close to
the village of Levone (Piemonte, northern Italy) (Fig. 1). Along a brook, named Rio di Ca’
Viettone (Fig. 2), a continental succession crops out, whose deposits were assigned to a
fluvial-alluvial palaeoenvironment (Allason et al., 1981). These sediments yielded very rich
plant macrofossil assemblages, in particular carpofloras (Martinetto and Gregor, 1989;
Bertoldi and Martinetto, 1995; Martinetto, 1995; Martinetto and Vassio, 2010), which
provide valuable palaeoenvironmental information and deserve a precise chronological
framing. The earliest attempts to date these continental deposits were based on pollen
analyses, carried out in short portions of the succession by Allason et al. (1981) and Bertoldi
and Martinetto (1995). The first study suggested an attribution to the Gelasian/Calabrian
transition, whereas the second one suggested a late Zanclean age based on the Bertoldi et al.’s

(1994) scheme. However, the reliability of this last scheme has been questioned by Bertini



(2010), who pointed out the difficulty to establish a clear pollen biozonation for the Italian
Plio-Pleistocene. Continental vertebrate/invertebrate biochronology could provide further
dating constraints (Gliozzi et al., 1997) but unfortunately no animal skeletal remains have
been found in the well exposed continental sediments of Ca’ Viettone. It was the highly
thermophilous character of the Ca’ Viettone macroflora (Martinetto, 1995) to suggested, for
the first time, that it could be connected to the early Pliocene global warmth, but the
hypothesis was not supported by firm chronological evidence so far.

An integrated approach, combining sedimentology, magnetostratigraphy and
palaeobotanical analyses, has been successfully applied in a nearby sector to date a complex
fluvial succession straddling the Pliocene-Pleistocene transition (lrace et al., 2017).
Following a similar approach, in this paper we present the results of a detailed stratigraphic,
palaeobotanical and palaeomagnetic study of the Ca' Viettone continental succession,
providing an improved chronological interpretation of the whole succession. As a further
chronological constraint, foraminiferal assemblages of marine deposits underlying the

continental strata (Martinetto et al., 1997) were also studied.

2. Geological setting

The Ca’ Viettone Site is situated in the northwestern sector of the Piemonte region
(Fig. 1A), at the western margin of the Western Po Basin (WPB), one of the major Plio-
Quaternary sedimentary basins in northwestern Italy, together with the Savigliano Basin (SB)
and Alessandria Basin (AB). The WPB, SB and AB constitute syn-orogenic basins, as they
are effective part of the Alps-Apennines orogenic system (Piana et al., 2017). The WPB is
located between the western Alps, to the North, and the Torino Hill and Monferrato relieves,

made up of uplifted Eocene-Miocene successions, to the South (Fig. 1).



The Pliocene succession of the WPB has been the subject of numerous geological
studies starting from the work of Sacco (1890), until the biomagnetostratigraphic study of
Martinetto et al. (2007). Recently, a few geological maps have been also published (Forno
and Ferrando, 2008; Balestro et al., 2009; Forno et al., 2009). Along the northwestern border
of the WPB (Fig. 1B), the Pliocene succession unconformably rests on the Alpine basement.
The Pliocene deposits are overlain by a widespread blanket of Pleistocene-Holocene
continental units that constitute the westernmost part of the Po Plain. This Quaternary cover
hides the geometrical and stratigraphic relationships of the Pliocene sediments, which are
only exposed in minor outcrops scattered at the foothills or along main river beds.

The Pliocene succession is represented by a transgressive-regressive cycle made up of
outer shelf to nearshore deposits (Aimone and Ferrero Mortara, 1983; d’Atri and Piazza,
1988; Bertoldi and Martinetto, 1995), referable to the latest Zanclean (Basilici et al., 1997)
and continental deposits, up to date generically ascribed to the “Villafranchiano” informal
unit (Martinetto et al., 2007). This term is still in use in the Piemonte region solely for
historical reasons and designates the non-marine deposits, which conformably overlie the
Pliocene marine successions. However, these continental deposits seem to have significantly
different ages in the different parts of the WPB (Piana et al., 2017); they span from Zanclean,
in the northern part, to Piacenzian towards the south (Martinetto et al., 2007), testifying to the
SE-ward basin scale regression. In this perspective, complex stratigraphic relationships and
time transgressive boundaries also exist between the continental and marine deposits. In fact,
in the drilled succession of the Intenza well (IW in Fig. 2; Martinetto et al., 1997), the local
Pliocene succession shows the interfingering of a marine interval between two non-marine

sedimentary bodies.

3. Materials and methods



In this study, integrated stratigraphic, palaeobotanical and magnetic analyses were
performed on a fluvial sedimentary succession, cropping out on the banks of the Ca’ Viettone
brook (Fig. 2). Micropalaeontological analyses were performed on cuttings obtained during
the drilling of the Intenza well drillcore (Latitude 45°19'4"N; Longitude 7°37'0"E; Marinetto

etal., 1997).

3.1 Stratigraphic analysis

The stratigraphy and facies of the Ca’ Viettone (CV) continental succession was
studied in six outcrops scattered along the about 1 km long ravine. We applied the lithofacies
classification of Miall (1996) and Vincent (2001) and we grouped the dominant lithofacies
into five sets of distinct, commonly occurring facies associations (F1-F5), described in Table
1 and illustrated in Figures 3 and 4. Detailed stratigraphic logs (Fig. 3) were measured and
facies analyses were carried out in two of the better-exposed sections along the brook: CV20
and CV21 (Martinetto, 1995). The CV21 section (Latitude 45°19'18"N; Longitude 7°37'9"E),
17 m thick, was logged on the right bank of the brook and nearly corresponds to the “section
1” of Allason et al. (1981). The CV20 section (Latitude 45°19'21"N; Longitude 7°37'8"E),
1.8 m thick, was logged ~100 m westward on the left bank of the brook. Thanks to the
presence of easily correlated layers and surfaces, the logs of the CV20 and CV21 sections
were integrated as to constitute the CV20-21 composite log (Fig. 3). Moreover, a third very
short section CV5 (Latitude 45°19'23™N; Longitude 7°36'44'E), situated about 500 m to the
west and lying a few meters stratigraphically below the base of the composite log, was also
measured (Fig. 2 and 4B). The stratigraphy of all these outcrops was finally integrated by
subsurface data, coming from the Intenza well drillcore (Martinetto et al., 1997), located
about 500 m south of the CV20-21 composite log (Fig. 2B). The Pliocene drilled succession,

as interpreted by Martinetto et al. (1997), consists from base to top of 6 m of freshwater



deposits (mainly yellowish sand, from -108 to -102 m) resting on the crystalline substratum
overlain by 14 m of marine deposits (from -102 to -88 m) and 79 m of a coarsening upward
fluvial unit (from -88 to -9 m); a 9 m thick cover of Quaternary fluvial deposits caps the

succession.

3.2 Palaeobotanical analyses

New palaeobotanical analyses were carried out in order to compare the assemblages
of the CV20-21 section (Table 2) with the already well-known comprehensive palaeoflora of
the Ca’ Viettone site (Table 3). As previously shown (Martinetto, 1995; Bertoldi and
Martinetto, 1995; Martinetto and Vassio, 2010), fruit and seed (carpological) assemblages
provide the most complete record of the composition and diversity of the Ca’ Viettone
palaeoflora; for this reason, our analysis focused on this palaeobotanical record. Sampling for
carpological analyses was concentrated in the few productive layers. A total of five large
samples were collected and processed, coming from the bottom and the top of the composite
CV20-CV21 section (Fig. 3). Palaeocarpological assemblages were gathered by processing
dry sediment samples with 5% hydrogen peroxide. After complete reaction, the floating
fraction was sieved (final mesh size: 0.3 mm) separately from the sunken material (final mesh
size: 1.5 mm). Finally, fruits, seeds and related organs were picked up from the residue of
both fractions. For a more detailed description of the method and for the taxonomic
identification procedures see Martinetto (2015). For each fossil assemblage we used the
standard labels of the CENOFITA database (Martinetto and Vassio, 2010; Martinetto, 2015),
compiled a floral list (Table 2) and used it to analyse the significant biochronological groups
specified by Martinetto et al. (2015). The same analysis was carried out on the

comprehensive palaeoflora of the Ca’ Viettone site (Table 3).



Although palaeoclimate quantifications are beyond the scope of this paper, we discuss
previous palaeoclimatic interpretations according to the definitions of the Képpen—Trewartha
climate classification (Baker et al., 2010; Belda et al., 2014). For the analysis of the climatic
requirements of the fossil plant taxa we did not use the traditional analysis based on the
percentage of “woody subtropical taxa” (Mai, 1995; Martinetto, 1995). The recent
availability of more precise data on climatic distribution of the East Asian flora (Martinetto et
al., 2017) showed the difficulty to characterize, from the climatic point of view, several
genera traditionally considered as “subtropical” in Europe (e.g., Alangium, Eurya, Meliosma).
In fact, some modern species of these genera also occur in cool temperate climate. Therefore,
we preferred to use three categories introduced by Martinetto et al. (2015):

(1) HUTEA (“HUmid Thermophilous extinct European taxa of East Asian affinity”):
plant taxa which have well-documented fossil records in the late Cenozoic of Europe,
which do not grow spontaneously in this continent and West Asia at present (unless as
aliens), which do not tolerate a MAT below 8 °C and a Mean Annual Precipitation
(MAP) below ca. 800-1000 mm/year, and which belong to genera or infrageneric taxa
that presently grow in East Asia.

(2) CTEA (“Cool-Tolerant extinct (=extirpated) European taxa of East Asian affinity”):
the modern representatives have the same pattern of fossil records and geographic
distribution as HUTEA, but do tolerate a MAT below 8 °C.

(3) TEWA (“Thermophilous European, West Asian and/or African elements”): the
modern representatives do not tolerate a MAT below 8 °C and grow in southern

Europe, North Africa (incl. Macaronesia) and/or West Asia.

3.3 Palaeomagnetic analyses



Samples for palaecomagnetic analysis were collected from both CV20 and CV21
sections as their composite log provides the thickest sedimentary succession (Fig. 3).
Additionally, a few samples from CV5 section were collected for a further control of the
palaeomagnetic signal recorded in layers that were laterally affected by oxidation (Fig. 4B).
In all cases, sampling was performed using non-magnetic plastic cylinders (diameter = 2.4
cm; height = 2.2 cm) that were pushed into the poorly consolidated sediment and oriented in
situ with a magnetic compass and clinometer. Direct drilling was also attempted in the CV21
section, but it was possible only in the lower part, whereas for the upper part drilling was not
feasible due to technical problems (soft material and difficult access). Sampling was
performed approximately every 10 cm and in some cases twin samples (samples
corresponding to the same stratigraphic level) were collected to allow both magnetic
mineralogy and magnetic polarity studies at the same material.

A total of 55 samples were collected; 15 from CV20 section, 34 from CV21 section
and 6 from CV5 section. All magnetic analyses were performed at the ALP Palaeomagnetic
laboratory (Peveragno, Italy). The Natural Remanent Magnetization (NRM) was measured
with a JR-6 spinner magnetometer (AGICO). The magnetic mineralogy of representative
samples was investigated through Isothermal Remanent Magnetization (IRM) curves, back
field plots and thermal demagnetization of a composite three axes IRM (Lowrie, 1990). IRM
was initially stepwise imparted along the z axes of the samples up to 1T with a ASC pulse
magnetizer. Then an IRM of 0.5 T was imparted along the y axes and finally an IRM of 0.1 T
was imparted along the x axes of the samples. Thermal demagnetization of the composite
three axes IRM was performed with a Schostendt TSD-1 furnace. After each thermal
demagnetization step, the bulk magnetic susceptibility at room temperature was measured
with a KLY-3 Kappabridge (AGICO). Such thermal experiments were performed for a few

samples after extracting the material from the plastic boxes. The polarity of the Characteristic



Remanent Magnetization (ChRM) was determined through stepwise Alternating Field (AF)
demagnetization and the results were plotted and interpreted using the Remasoft software

(Chadima and Hrouda, 2006).

3.4 Micropalaeontological analyses

Micropalaeontological analyses were carried out on 8 sediment cuttings from the -108
m to -88 m portion below ground level (Fig. 2) of the Intenza well drillcore (Marinetto et al.,
1997). The sediments were processed with the flotation method usually employed for
palaeocarpological samples (Martinetto, 2015). For each sample the floating fraction was
sieved on a >63 pum mesh, the sunken sediment was washed and sieved into grain fractions
greater than 250 pm, 125-250 um and 63-125 pm, dried and weighed. Taxonomic
determination of foraminiferal species followed Kennett and Srinivasan (1983) for planktonic
taxa, AGIP (1982) and Loeblich and Tappan (1988) for benthic species. Semiquantitative
analyses were carried out on about 300 specimens of the total >125 pum residues. Finally, the
percentages of planktonic specimens versus the total (planktonic + benthic) foraminiferal
assemblage, i.e. the P/(P+B) ratios, were estimated to give an approximate evaluation of the

palaeobathymetry (Wright, 1978).

4. Results
4.1 Stratigraphy
The strata of the Ca’ Viettone succession are sub-horizontal to gently dipping south-
eastward and are exposed for a total thickness of about 20 m along the brook bed. The
succession is systematically characterized by three different degrees of sediment oxidation: a)
light-grey, yellow to brown highly oxidised sediments, b) grey, partially oxidised sediments

and c) blue-grey non-oxidised sediments. Sand and gravel are mostly oxidized, whereas silt



and clay are locally oxidation-free, thus preserving mummified plant fossils. The oxidation
front is usually parallel to internal bedding and/or lamination surfaces, and it also follows the
erosional base of gravel and sand sedimentary bodies. However, it may also be very irregular
and oblique in respect to these primary surfaces.

The outcrop-scale facies analysis and the detailed study of logged sections reveal that
the succession is dominated by laterally and vertically stacked, lenticular bodies consisting of
cross-bedded gravelly sands of the F3 facies association (Table 1; Figs. 3 and 4), with
subordinate lenses of the F1 and F2 gravel-sand deposits. It also comprises scattered lenses of
the F4 fines. As a whole, the F1 to F4 sedimentary stack constitutes 5 to 10 m thick, large
scale lenticular bodies, interlayered with F5 fines. The last ones form laterally persistent 1 to
3 m thick bodies (Fig. 2) whose uppermost parts (10-20 cm thick) are often characterized by
palaeosols, indicated by the concentration of root-traces or haloes.

The overall architecture points to a deposition in a low-gradient floodplain (F5)
crossed by multi-storey sandy-gravelly shallow braided systems, dominated by downstream
migration of gravelly sand dunes and sand waves (F3) with very occasional development of
transverse (F2) and longitudinal gravel bars (F1), filling low-sinuosity channels, and
deposition from suspension in abandoned channels (F4).

The bottom of the fluvial succession analysed in the CVV20-21 composite log can be
correlated with the uppermost part of the Pliocene succession of the Intenza well (Martinetto

etal., 1997) (Fig. 2).

4.2 Palaeoflora
The new palaeobotanical analyses, performed on selected layers of the composite
CV20-CV21 section (Table 2), confirmed that these plant assemblages match with the

comprehensive palaeoflora of the Ca’ Viettone site (Table 3). Nearly all of the species



detected in the CVV20-21 section were already identified in other sections of the Ca’ Viettone
site. The most frequent taxa are Cryptomeria rhenana, Eurya stigmosa, Magnolia allasoniae,
and Trigonobalanopsis exacantha (Martinetto and Vassio, 2010), which occur frequently in
other sections too. Therefore, we discuss here the main features of the comprehensive
palaeoflora of the Ca’ Viettone site, rather than the individual composition of the
assemblages from the CVV20-21 section.

In general, the plant macrofossil assemblages from the Ca’ Viettone site show high
taxonomic diversity (total 133 taxa) and contain a large number of fruits and seeds of woody
plants. Hydrophytes are almost absent and wetland herbs are never dominant. Such
assemblages are mostly composed by plants grown in well-drained conditions (“mesic"), so
that plant remains may have been picked up from ancient litter by ephemeral streams during
palaeofloods. All the assemblages are characterised by a considerable proportion of exotic
elements (20% to 60% of the taxa), which mostly belong to genera now living in East Asia
and/or North America. The high percentage of taxa belonging to the categories “Cool-
Tolerant extinct (= extirpated) European taxa of East Asian affinity” (“CTEA™: 15.8 %) and
“humid thermophilous plant taxa of East Asian affinity” (“HUTEA”: 17.3 %), introduced by
Martinetto et al. (2017), confirm the East Asian subtropical affinities (sensu Baker et al.,
2010) of the Ca' Viettone palaeoflora (Martinetto, 1998). About 25% of the taxa are either
classifiable as HUTEA or as “Thermophilous European, West Asian and/or African
elements” (“TEWA”: 6,8 %), thus indicating that the Ca’ Viettone mesic plant communities
had a strongly thermophilous character (Bertini and Martinetto, 2011). This feature
distinguishes the Ca' Viettone palaeofloral assemblages from those of the Piacenzian of
northern Italy (Martinetto et al., 2007), where the thermophilous elements are not so

abundant, even if the taxa originating from mesic plant communities are also recorded.



The analysis of the significant biochronological groups recognized by Martinetto et al.
(2015) (Table 3) reveals a massive occurrence of Group 1 elements (14 taxa) in the Ca'
Viettone palaeoflora. Groups 2 and 3 are also well represented (10 and 11 taxa, respectively),

whereas Groups 4 and 5 are scarce (7 taxa as a whole).

4.3 Palaeomagnetism

The NRM of the studied samples varies from 2.5x10° A/m to 2.6x10° A/m, with
lower values for the blue-grey samples (at the rage of 10° A/m) and higher values for the
grey-brown samples (at the range of 10 to 10 A/m). IRM and back field curves are similar
for all studied samples and indicate that saturation is reached at fields around 0.3-0.4 T,
suggesting the presence of a low coercivity mineral (Fig. 5). The thermal demagnetization of
a composite IRM (Lowrie, 1990) also confirms the dominance of the low coercivity
component (Fig. 6). In most of the samples, a decrease of magnetization of the soft and
medium coercivity components can be noticed at temperature around 200 °C, probably
indicating the presence of some iron sulphides; after this temperature the magnetization
slowly decreases up to 580 °C, suggesting the presence of magnetite as the main magnetic
carrier. In all cases, the high coercivity component is negligible. A significant increase of the
magnetic susceptibility was observed around 380 °C, indicating possible mineralogical
transformations induced by thermal alteration.

AF demagnetization results, interpreted through Zijderveld diagrams, intensity decay
curves and equal area plots, identify two main magnetic behaviours. The blue-grey sediments
from the lower part of the CV20 section (samples CV20-2 to CV20-5) and the upper part of
the CV21 section (samples CV21-21 and CV21-22) are weakly magnetized, show disturbed
Zijderveld diagrams and are characterized by an inverse polarity (Fig. 7A, B), even if not

always well defined. A viscous component is cancelled at 5-10 mT and then a ChRM is



generally isolated at the 10-50 mT range. Differently, in the case of grey to brown samples
(samples CV20-6 to CV20-8, CVV21-7 to CV21-20 and CV21-23 to CV21-27) a very stable
magnetization can be observed, with linear and almost single component Zijderveld diagrams
that clearly indicate a normal polarity isolated at 10-100 mT (Fig. 7 C, D). Samples CV21-1
to CVV21-6 show a chaotic magnetic behaviour, probably caused by bioturbation that was also
macroscopically identified in the field.

The very stable and intense magnetization of the samples characterized by a normal
polarity, the absence of a viscous component in most of these samples and the systematic
coincidence of the different magnetic polarity records with evident change in sediment
oxidation (inverse polarity for the blue-grey sediments and normal for the grey-brown ones)
raise doubts related to the primary origin of the normal polarity registered by the grey-brown
and evidently oxidized sediments. The mean direction of the Characteristic Remanent
Magnetization (ChRM) of the samples with normal polarity is D= 0°, and I= 59.7° (with ags=
5.2°), consistent with the expected value for a geocentric axial dipole field at the sampling
locality (D= 0°, I= 63.4°) and to the present's day field at the geographic coordinates of Ca'
Viettone (D= 1.9° I= 61.1°). This result further sustains the possibility that the part of the
succession with evidence of oxidation has been remagnetized during the Brunhes period of
normal polarity while the original magnetization of the section is maintained only in the non-
oxidized blue-grey sediments that show a reverse magnetic polarity.

In order to test this hypothesis, we studied six more samples coming from the fine-
grained strata (F4 facies association) of the neighbouring CV5 section (Fig. 2 and 4B). This
section presents the advantage that individual layers show a lateral transition between non-
oxidized blue-grey sediments and grey-brown ones with some evidence of oxidation (Fig. 8).
Thanks to the presence of a lateral oxidation front, we were able to collect and study three

samples from the blue-grey clay (CV5-1a, CV5-2a and CV5-3a) and three from the grey-



brown part (CV5-1b, CV5-2b and CV5-3b), with a and b named samples corresponding to
the same stratigraphic level (Fig. 8A). In the case that sediments still carry their original
magnetization (or if all of them have been remagnetized at the same time), we would expect
to find the same magnetic polarity registered by all the samples corresponding to the same
stratigraphic level. On the contrary, in the case that a remagnetization has occurred only at
the oxidized part, replacing the original magnetization of the sediments acquired during their
deposition, blue-grey and grey-brown samples would be expected to show different magnetic
behaviour. In fact, the AF demagnetization results confirm such different magnetic behaviour
for the blue-grey and grey-brown sediments. Samples CV5-1a, CV5-2a and CV5-3a
generally showed a weak magnetization (10° A/m), with a not well defined but however
inverse polarity (Fig. 8B). On the other hand, samples CV5-1b, CV5-2b and CV5-3b showed
a much stronger (10° A/m) and stable magnetization of clearly normal polarity (Fig. 8C).
These results indicate that the normal polarity is probably the result of a remagnetization
process under today's normal field, whereas the original magnetization of the studied

succession was acquired in the presence of an ambient field of inverse polarity.

4.4 Foraminifera

Foraminifera were absent in the yellowish sand samples from the interval -108 m and
-102 m below the ground level of the Intenza well drillcore (Fig. 2). In the interval between -
102 m and -88 m Foraminifera were frequent to scarce and well preserved, plant frustules
were abundant, fragments of mollusc shells and echinoid tests were common, ostracod valves
were scarce. Planktonic Foraminifera were common only in the sample -102/98 m (P/ (P+B)
ratio about 15%), mainly represented by Globigerinoides extremus, G. obliquus and by
scarcer G. trilobus, Globigerina bulloides, Globigerinella obesa, Globoturborotalita

apertura, Gb. woody, Neogloboquadrina acostaensis and Orbulina universa. In the interval



between -98 m and -88 m the same planktonic species occurred with lower percentages
(P/(P+B) ratio less than 10%). Benthic taxa of the studied interval were low in diversity,
dominated by shallow water calcareous forms (Florilus boueanum, Elphidium spp. [E.
aculeatum, E. advenum, E. crispum, E. macellum, etc.] and by Cibicides lobatulus, followed
by Ammonia spp. [A. beccarii, A. tepida, A. parkinsoniana], Neoconorbina planorbis,
Glabratella spp., Globulina gibba, G. tuberculata, Rosalina globularis, Buccella granulata
and Reussella spinulosa). Agglutinants (Bannerella gibbosa, Bigenerina nodosaria,
Textularia spp.) were scarce, as well as miliolids (Quinqueloculina seminulum, Triloculina
trigonula). Taxa typical of shelf pelitic bottoms, such as Bolivina variabilis, Brizalina
spathulata, Bulimina lappa, B. minima, B. subulata, Cibicidoides ungerianus, Valvulineria
brayana, seldom occurred. Only in sample -102 m B. subulata, typical of shallow pelitic
bottoms, was common and specimens of Amphicoryna proxima, B. minima, Cancris
auriculus, Cassidulina carinata, Globobulimina affinis, Heterolepa bellincionii and
Orthomorphina tenuicostata, typical of outer neritic or deeper deposits, were collected.

From the biostratigraphical point of view, the occurrence of B. granulata suggests an
age referable to the MPIl4a biozone or younger (Basilici et al., 1997), whereas the absence of
cold benthic taxa such as Bulimina marginata implies an age older than 2.63 My BP (B.
marginata FCO, Patacca and Scandone, 2004). The absence of planktonic biostratigraphic
markers (i.e. Globoratalia spp.) does not allow a better resolution.

From the palaeoecological point of view, foraminiferal assemblages are dominated by
infaunal species of silty bottoms (F. boueanum) and by epiphytic forms (Elphidium spp., C.
lobatulus and N. planorbis, in abundance order) (Murray, 2006). Ammonia spp. and G. gibba,
infaunal taxa typical of sandy sediments, are common in the studied interval, whereas the
outer neritic genera (Heterolepa, Cibicidoides, Textularia, etc.) are scarce. The assemblage

thus documents a shallow depositional palaeoenvironment, on the inner shelf, at the boundary



between the inner and the outer neritic zones, with or nearby to seagrass meadows in which
Elphidium spp. and Globulina spp. were reported as frequent (Moissette et al., 2007). A
rather muddy and only slightly deeper palaeoenvironment is suggested for the layer at -102 m
by the frequency of B. subulata and by a more diversified outer neritic assemblage (A.

proxima, B. minima, C. carinata, G. affinis, H. bellincionii, etc.).

5. Discussion
5.1 Chronological constraints of the Ca' Viettone section

The foraminiferal assemblages detected in the marine deposits of the Intenza well
(Fig. 2), stratigraphically beneath the Ca' Viettone continental deposits, suggest their
assignment to the MPI4 foraminiferal biozone. The overlying continental succession bearing
the rich Ca' Viettone palaeoflora assemblage, cannot be older than the base of this biozone.
Consequently, these results can be used as an important post quem datum for the dating of the
studied continental succession.

The analysis of the significant biochronological groups singled out by Martinetto et
al. (2015) offers additional palaeoflora-based chronological constraints. Based on several
dated records contained in the CENOFITA database, the massive occurrence of Group 1
elements in the Ca' Viettone palaeoflora (Fig. 10) would constrain its age between 4.5 and 3.6
Ma. Nevertheless, due to the existence of an earliest Zanclean gap and an early Piacenzian
gap in the independently dated palaeofloral record (Fig. 10), an extension of the Group 1
elements distribution (and therefore the existence of the Ca' Viettone type of flora) from 5.3
to 3.3 Ma cannot be excluded based on our present knowledge of the global climatic trend
(De Schepper et al., 2013, 2014).

In the time span 3.3-3.0 Ma a consistent palaeofloral documentation is available,

which demonstrates the lack of the Group 1 and Group 2 elements, so typical for the



assemblages of the Ca’ Viettone type (Fig. 10). In fact, the distinct plant assemblages of this
time interval were assigned to another Florenkomplex, named “Stura” (Martinetto, 1995,
1999). The Group 3 elements, very common from 5.3 to 3.3 Ma, seem to be lacking from 3.3-
3.0 Ma but reappear in the time span 3.0-2.8 Ma. In this last time span the plant assemblages
(e.g., Marecchia and Monte Falcone: Martinetto et al., 2015) have a composition very similar
to the Ca’ Viettone type, but the Group 1 elements are missing in northern Italy, and are
scarce in central Italy.

The increasing bulk of Pliocene macrofloral data in Italy (Martinetto, 1995, 1999,
2015) could indeed provide more accurate information on the floral and vegetation features
of shorter intervals of the Pliocene climatic cycles. However, the assessment of the correct
chronological position of individual macrofloras, and their correspondence with definite
phases of the climatic cycles, still needs much more multidisciplinary and comparative work.
Palaeomagnetic data have already importantly contributed to the improvement of the
chronological framework of Plio-Pleistocene macrofloras (Boano et al., 1999; Martinetto et
al., 2007; Muttoni et al., 2007; Gundersson et al., 2013; Monesi et al., 2016; Irace et al.,
2017) and, despite several difficulties, also in this case offer further chronological constraints
for the dating of the Ca’ Viettone succession. In fact, the inverse magnetization observed in
the oxidation-free layers of the CV20-21 section (and hypothesized also as primary
magnetization for the rest of the succession), combined to the foraminifer and plant
biochronological indications (Fig. 10) suggest that the succession was deposited in the final

part of the Gilbert chron, confirming an age older than 3.59 Ma.

5.2 Detection and delimitation of the Ca' Viettone Florenkomplex
The main issues of plant macrofossil biochronology in terrestrial settings have been

effectively explained by Retallack (1978), Martinetto and Ravazzi (1997), Martinetto (1999),



Kvacek (2000) and Lucas (2013). Environmental variations have a stronger impact on plant
assemblages than evolution, especially in the late Cenozoic, so that the delimitation of
ecostratigraphic units, such as the Florenkomplexe, does not exploit evolutionary events (as
in the case of the florachrons of Lucas, 2013), but floral differences between older and
younger fossil floras, most likely controlled by climate changes. Biochronological schemes
based on Florenkomplexe have been mainly used in Europe (e.g., Mai and Walther, 1978,
1988; Mai, 1995, 2000; Martinetto, 1995, 1999; Kunzmann et al., 2016). The assignment of
several local palaeofloras to the same Florenkomplex depends on the detection of a
characteristic association of plant fossil taxa that are only found in a limited time span and in
a restricted geographic area (Kunzmann et al., 2016).

Although Mai and Walther (1988) and Mai (1995) proposed to correlate each
Florenkomplex over a broad area in Europe, this procedure seems to be highly risky and most
probably not completely correct (see also Kvacek, 2010), due to the several environmental
factors controlling the geographic distribution of terrestrial plant taxa and vegetation types.
Restricting the recognition of a Florenkomplex to a regional scale is definitely more
appropriate, since it may delimit an area in which the floristic composition of the zonal
vegetation was relatively homogeneous during the reference time period.

Based on the outstanding diversity plus richness of the comprehensive plant fossil
record (Table 3) and the accessibility plus long-lasting exposure of several outcrops, Ca’
Viettone may be confirmed as a suitable reference locality for a Florekomplex. The various
outcrops of the Ca' Viettone succession (Martinetto, 1995; Bertoldi and Martinetto, 1995;
Martinetto and Vassio, 2010), scattered along a W-E transect of 1.5 km, provide an
uncommon documentation of an ancient palaeoflora. Allason et al. (1981) estimated that the
whole succession was not thicker than 30 m, and the small differences detected among the

plant assemblages of different deposits (Martinetto, 1995; Vassio and Martinetto, 2010) can



be easily explained by local ecological conditions or taphonomical processes, and not by
floristic change through time. The taxonomic composition of the flora was first investigated
by Martinetto and Gregor (1989), Martinetto (1995) and Bertoldi and Martinetto (1995), and
later slowly proceeded in the frame of a general long term project on the taxonomy of the
Italian Pliocene and Pleistocene floras (Martinetto, 2015). Nevertheless, several taxa are still
imprecisely identified and would need further detailed studies.

By analyzing the plant assemblages from the Pliocene localities near to Ca' Viettone
(Figs 1 and 9), it is apparent that the Sento | and Sento Il palaeofloras, pertaining to the partly
dated Val Chiusella succession (Basilici et al., 1997: foraminiferal biozone MPI4a, c. 3.9-3.6
Ma), have a taxonomic composition very similar to the Ca’ Viettone's one. The facies
associations of Ca’ Viettone and the transgressive-regressive trend of the succession, detected
in the Intenza well (Fig. 2), were also found in the Val Chiusella outcrops (Basilici et al.,
1997). There, the marine deposits at the bottom were dated to the uppermost Zanclean on the
basis of the concomitant occurrence of the benthic foraminifer Buccella granulata and of the
gastropod Bufonaria marginata, which disappeared in correspondence with the Last
Appearence Datum of Globorotalia puncticulata, marking the upper boundary of the MPl4a
Zone. On the contrary, the plant assemblages of three nearby localities, Front, La Cassa and
Stura (Martinetto et al., 2007; Vassio et al., 2008), show clear differences (lack of Group 1
and Group 3 elements) and cannot be ascribed to the same type of palaeoflora detected at Ca’
Viettone. These successions have been dated by means of magnetobiochronological analyses
at ca. 3.3-3.1 Ma (Martinetto et al., 2007).

A few assemblages similar to that of Ca’ Viettone were found in marine sediments
dated to the early Pliocene (5.3 to 3.6 Ma ago) based on biostratigraphic analysis of marine
biota (Martinetto, 1999; Kovar-Eder et al., 2006; Martinetto et al., 2015). These are found in

the following localities (Fig. 1A): Breolungi (foraminiferal biozone MPI2), Crava di Morozzo



(MPI2), Pocapaglia (MPI3) and Sento I (MPI4a). Also, the continental sediments which
yielded the palaeofloras Fossano I, Fossano Il and Fossano Il were correlated to the
foraminiferal biozones MPI3-MPl4a on the basis of sequence stratigraphy (Macaluso et al.,
2018). Floras very similar to the one detected at Ca’ Viettone have also been found in
successions constrained within the Zanclean - earliest Piacenzian interval (5.3 to 3.3 Ma ago):
Baldichieri-Fornace, Candelo, Castellengo, Cortiglione d’Asti, Cossato (Martinetto, 2015).
Finally, rich assemblages of the Ca’ Viettone type were also found in several other sites that,
however, lack reliable and independent dating constraints (e.g. Benasso, Boca, Ronco
Biellese).

Since the fossil floras detected at Ca' Viettone seem to reflect “a chronologically
delimited and distinguishable stage of vegetational development” (Mai and Walther, 1978),
we propose to conserve the concept of a Ca’ Viettone Florenkomplex. However, its lower and
upper boundaries are still poorly defined:
- The lower boundary is indefinite due to a chronological gap in macrofloral documentation
from the Breolungi assemblage (MPI2 zone: Martinetto et al., 2015) down to the latest
Messinian Corneliano and Scipione Ponte assemblages (Kovar-Eder et al., 2006);
- The upper boundary is marked by a floral change at the transition to the younger Stura
Florenkomplex, which cannot be precisely dated at the current state of the art; it might be
related to the "Brunssumian-Reuverian floral transition”, detected in several mid-Ilatitude
regions at c. 3.3 Ma ago (Suc, 1984; Popescu et al., 2006, 2010) and corresponding to a
cooling event detected in the marine stable isotope record (De Schepper et al., 2013, 2014),
which had a strong impact also on marine molluscs with tropical affinities (Monegatti and
Raffi, 2007).

Since the detection of the Ca’ Viettone Florenkomplex is based on the floral

composition, which varies depending on ecological and climatic factors (e.g., Retallack,



1978), we recommend to limit its application to northern Italy, because there are clues for
consistent differences in both climate and vegetation of the adjoining regions during Pliocene
(Popescu et al., 2006, 2010; Barron et al., 2010; Jiménez-Moreno et al., 2010; Salzmann,
2011; Teodoridis et al., 2009, 2017; Velitzelos et al., 2014). From the point of view of ancient
vegetation, Martinetto and Vassio (2010) and Bertini and Martinetto (2008, 2011)
reconstructed a "subtropical humid forest” type with many evergreen trees for the
assemblages of the Ca’ Viettone Florenkomplex, whereas in other European regions
evergreen trees were less abundant (Kovar-Eder et al., 2008). The characterisation of the
"subtropical humid forest™ vegetation type in terms of quantitative climatic parameters was
already discussed by Bertini and Martinetto (2008), and can be emended here according to
the Koppen-Trewartha classification for the Cfa climate (Baker et al., 2010; Belda et al.,
2014): temperature of warmest month greater than or equal to 10 °C; temperature of coldest
month between -3 °C and 18 °C; significant precipitation in all seasons; warmest month

average temperature above 22 °C.

5.3 The importance of the Ca’ Viettone site and its Florenkomplex in the European
panorama.

In Europe, early Pliocene macrofloral assemblages which are both taxonomically
diverse and reasonably well dated, occur mostly in the classic succession of the Lower Rhine
Basin (Reid and Reid, 1915; Zagwijn, 1960, 1992; Van der Burgh and Zetter, 1998; Schafer
et al., 2005; Kuhlmann et al., 2006; Westerhoff et al., 2008; Schéfer and Utescher, 2014). A
few other central European sedimentary successions that provide a rich record of plant
macrofossil taxa are still poorly chronologically constrained (Kroscienko: Szafer, 1954;
Gerstungen: Mai and Walther, 1988; Fortuna-Garsdorf: Van der Burgh and Zetter, 1998;

Nochten-Ost 4803 and Ruszéw: Mai and Wahnert, 2000; Sessenheim: Teodoridis et al.,



2009). The better dated palaeofloras of the German Wetterau's localities (Mai and Walther,
1988) and Hungary (Gerce and Pula: Erdei et al., 2007) do not contain more than 20 taxa
each, a small number when compared to the 133 taxa of the Ca' Viettone palaeoflora. The
remaining European records concern localities that are both poorly dated and with a low
diversity palaeoflora (e.g., Vildstejin: Teodoridis et al., 2017).

Due to the scarcity of early Pliocene macrofloral records, the more abundant pollen
data could contribute to the reconstruction of the characteristics of the terrestrial plant cover
in Europe during the early Pliocene warmth. However, by combining pollen and carpological
records (Bertoldi and Martinetto, 1995; Martinetto and Ravazzi, 1997; Van der Burgh and
Zetter, 1998; Bertini and Martinetto, 2011), it was noticed that pollen assemblages document
very well the anemophilous plants, but do not accurately represent the assemblages of
"subtropical humid forest"” type, which are rich in entomophilous plants, often recorded solely
by carpological fossils (Bertini and Martinetto, 2011; Martinetto et al., 2017). Actually, the
ancient plant species diversity is definitely underestimated in the sites without carpological
data, and a good reconstruction of the terrestrial flora during the early Pliocene warmth can
only be provided by those sites where both pollen and fruits/seeds occur (with the possible
addition of leaf and wood remains). In this respect, the taxonomic diversity of the microflora
(Bertoldi and Martinetto, 1995) and macroflora (Table 3), the variety of fossil plant
assemblages, and the good exposure and chronological framing of the Ca’ Viettone
succession, provide to this locality a relevant role at the broader European scale. Such
relevance is even enhanced by the occurrence of several similar floras in northern Italy,
forming the Ca’ Viettone Florenkomplex. This is characterized by abundant thermophilous
plant taxa that are completely lacking in the other European sites (e.g., Cyclea, Ficus,
Cinnamomum, Litsea, Ocotea, Mallotus, Meliosma canavesana, Tetrastigma, etc.). Important

floral similarities (e. g., occurrence of Symplocos spp., Toddalia, Turpinia ettingshausenii,



Trigonobalanopsis exacantha) can be pointed out only with the less diverse "Brunssumian”
macrofloras of the Lower Rhine Basin (Zagwijn, 1990; Van der Burgh and Zetter, 1998),
which seem to be chronologically equivalent to the Ca' Viettone section (Popescu et al.,
2010). The scarcity of "humid" thermophilous elements in the remaining early Pliocene floras
can be attributed to the cooler conditions at the central and eastern European areas, and to the
drier conditions at the Mediterranean area (Popescu et al., 2006, 2010; Barrén et al., 2010;
Bertini, 2010; Jiménez-Moreno et al., 2010; Salzmann, 2011; Velitzelos et al., 2014). In fact,
northern-central Italy was probably one of the few areas where the humidity-requiring and
thermophilous woody plants of the European Miocene flora (Mai, 1995, 2010) could still
prosperously grow during the early Pliocene, and even partly survive until the Gelasian

(Martinetto et al., 2017).

6. Conclusions

The micropalaeontological, —palaeobotanical and magnetostratigraphic results
presented in this study importantly contribute to better constrain the age of the Ca' Viettone
continental section, highlighting its importance in a European context. Foraminiferal analysis
on the underlying marine deposits indicate that the continental succession of Ca' Viettone
cannot be older than the base of the MPI4 foraminiferal biozone. Magnetic polarity
investigation of the 18 m thick composite section shows an original inverse magnetization
(often re-magnetized) that, in combination with the biochronological constraints provided by
foraminifers and plant macrofossils, suggest the deposition of the Ca' Viettone succession
during the late Gilbert chron (i.e. late Zanclean). The plant macrofossil assemblages yielded
by the Ca’ Viettone continental succession show high taxonomic diversity (in total 133 taxa)
and abundance of woody plants extirpated from Europe, in particular those of the

carpological Groups 1 and 3. An hypothetical assignment of the Ca' Viettone section to one



of the two inversely magnetized intervals of the Gauss epoch (Piacenzian) can be excluded
because these intervals are documented in two neighbouring successions (Stura di Lanzo and
Villafranca d'Asti) characterized by a well distinct palaeoflora (lacking Group 1 and Group 3
elements). The Ca' Viettone type of palaeoflora was also detected in all of the NW lItalian
localities assigned to the time span between the beginning of the foraminiferal biozone MPI2
and the end of the biozone MPl4a (4.5 to 3.6 Ma). The Ca' Viettone locality could be
therefore considered as reference site for a late Zanclean regional Florenkomplex, and its
palaeoflora overcomes the scarce and poorly dated macrofloral information provided by other
European areas, and allows us to better assess the characteristics of the terrestrial plant cover
during the early Pliocene warmth. The palaeofloras of the Ca' Viettone Florenkomplex
accurately represent a vegetation of "subtropical humid forest” type, showing that numerous
humidity-requiring and thermophilous woody plants, already disappeared from central and

eastern Europe, could still enjoy the early Pliocene warmth in northern Italy.
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Figure captions

Fig. 1. A, Summary geological map of the Piemonte region showing the location of the syn-
orogenic basins, characterizing the Alps/northern Apennines system (after Piana et al., 2017).
B, Simplified geological map of the western Po Plain (modified from Martinetto et al., 2007
and Piana et al., 2017). The geographic position of the localities with Pliocene carpological
assemblages (after Martinetto, 2015) are shown as follows: WPB: Western Po Basin; SB:
Savigliano Basin; AB: Alessandria Basin; THM: Torino Hill and Monferrato domains. BA:
Baldichieri-Fornace; BE: Benasso (Castellamonte); BG: Sento I, Il and Pian Torinetto; BL-
RB: Candelo-Ronco Biellese; BO: Boca; CGL: Cortiglione d’Asti; CO-TC: Cossato-
Castellengo; CV: Ca’ Viettone; FO: Fossano; FR: Front; MZ-BR: Crava di Morozzo-
Breolungi; LC: La Cassa; PO: Pocapaglia; RDB: Villafranca d’Asti-RDB Quarry; STU: Stura

di Lanzo Fossil Forest.

Fig. 2. A, Simplified geological map of the Ca’ Viettone site (after Martinetto, 1995).B,
Reconstructed cross-section of the Pliocene succession showing Intenza well (IW; Latitude
45°19'4"N; Longitude 7°37'0"E) and other sites (CV5; Latitude 45°19'23"N; Longitude
7°36'44'E; CV20-21; Latitude 45°19'18"N; Longitude 7°37'9"E) (after Martinetto et al.,

1997).

Fig. 3. Summary log correlation of the CVV20 and CV21 sections, indicating the lithofacies,
facies associations (defined in Table 1) and the degree of sediment alteration. The
stratigraphic position of the analysed samples and the correlation with the layers and/or layer

groups defined by Allason et al. (1981) are reported (All1 etc.).



Fig. 4. Outcrop photographs. A, Aspect of the outcrop of CV21 section; B, General view of
the outcrop including the CV5 section. The main lithofacies and facies associations are

classified according to Table 1.

Fig. 5. Magnetostratigraphy. A, Normalized IRM acquisition curves up to 1.2 T; B, IRM

back-field curves for samples from the composite CV20-21 section.

Fig. 6. Stepwise thermal demagnetization of three IRM components following Lowrie (1990)
for representative samples. Symbols: circle= Soft- (0.1 T); diamond= Medium- (0.3 or 0.5 T);

square= Hard- (1.2 T) coercivity component.

Fig. 7. Stepwise alternating field demagnetization results illustrated in Zijderveld diagrams
and intensity decay plots. Representative samples of (A-B) inverse and (C-D) normal

polarity. Symbols: closed circles = declination; open circles = apparent inclination.

Fig. 8. A, Photograph of the CV5 section where the lateral penetration of the oxidation has
permitted the collection of samples from both the blue-grey (group a samples) and grey-
brown (group b samples) sediments, corresponding to the same stratigraphic level. B, C,
Zijderveld diagrams indicating an inverse polarity for the group a samples and a normal
polarity for the group b samples. Symbols: closed circles = declination; open circles =

apparent inclination.

Fig. 9. Chronostratigraphic frame for the Ca' Viettone succession as derived by comparison
with other northern Italian sections on the basis of magnetostratigraphic and biochronological

constraints (after Martinetto et al., 2007).



Fig. 10. Scheme summarizing the biochronological distribution of selected carpological
records of plant taxa occurring at the Ca' Viettone site. The Groups 1-5 are defined in
Martinetto et al. (2015). Mes = Messinian; MP = Middle Pleistocene.

The biochronological distribution of each taxon is deduced from the whole N-Italian
CENOFITA database (Martinetto and Vassio, 2010; Martinetto, 2015; Martinetto et al.,
2015). The age range for each species is indicated by black bars, for the records originating
from reliably dated localities: Lugagnano (5.1-4.5 Ma), Pocapaglia (4.5-3.8 Ma), Breolungi
(5.1-3.8 Ma), Morozzo (5.1-3.8 Ma), Fossano I-11l (4.5-3.9 Ma); Candelo (4.5-3.6 Ma),
Sento | (3.8-3.6 Ma), Roatto (3.3-3.2 Ma), Villafranca d'Asti-RDB Quarry (3.3-3.0 Ma),
Fossil Forest of the Stura di Lanzo River (3.1-3.0 Ma), Casnigo (2.1-1.9 Ma), Santerno (1.8—
1.7 Ma), Leffe (1.7-1.5 Ma), Stirone-LAl (1.1-1.0 Ma), Enza-EZ38 (1.1-1.0 Ma), Ranica
(1.1-1.0 Ma), Oriolo (1.0-0.8 Ma), Stirone-LA3 (1.0-0.8 Ma). Hatched bars indicate records
from the following poorly dated localities (see Martinetto, 1999): Sento Il (late Zanclean,
3.8-3.6 Ma); Front (Piacenzian, 3.3-3.0 Ma); Momello-Lanzo (Piacenzian, 3.6-3.0 Ma);
Castelletto Cervo | (late Piacenzian, 2.8-2.6 Ma); Castelletto Cervo Il (Gelasian, 2.6-2.0
Ma); San Pietro di Ragogna (Gelasian, 2.6-1.8 Ma); Buronzo (Gelasian, 2.2-1.8 Ma);
Steggio (Calabrian, 1.8-0.9 Ma). The dashed lines indicate the presence of records in central
Italy, considered a refuge area in the Piacenzian-Calabrian (Martinetto, 2001; Martinetto et

al., 2016).



Table captions

Table 1. Description of each facies association. Dominant lithology, geometry and
relationship with other facies associations are indicated. The lithofacies codes follow Miall

(1996) and Vincent (2001).

Table 2. Quantitative results of the taxonomical analyses of the plant remains. Data from
sediment samples originating from the bottom of the C\VV20 section and from a layer at 13.2 m
in section CV21. A few categories of biogeographic-climatic relevance, defined by
Martinetto et al. (2017) are singled out: HUTEA, “HUmid Thermophilous extinct European
taxa of East Asian affinity”; CTEA, “Cool-Tolerant extinct European taxa of East Asian

affinity””); TEWA, “Thermophilous European, West Asian and/or African elements”.

Table 3. Comprehensive floral list of the Ca’ Viettone macrofossil plant remains. Several
sections and layers of the Ca’ Viettone site sampled so far are estimated to pertain to no more
than 20 metres of thickness of the Ca’ Viettone succession (Fig. 2) and to represent a short
geological time span. e/n: exotic/native; LEAF-TYPE CATEGORY: EC, evergreen conifer;
E, broadleaved evergreen (BLE in Kovar-Eder et al., 2008); D, broadleaved deciduous (BLD
in Kovar-Eder et al., 2008); HABITUS: t, tree; s, shrub; c, climber; h, herb. ECOLOGY: m,
mesic; hy, hygrophilous; a, aquatic; r, riparian. See Table 2 for explanation of "CTEA",

"HUTEA" and "TEWA".



Table 1

FACIES
ASSOCIATIONS

LITHOFACIES

DESCRIPTION

ENVIRONMENTAL
INTERPRETATION

F1
(longitudinal
barform)

F2

(side and
transverse
barform)

F3
(dune and
sandwave)

F4
(abandoned
channel)

Gh, Gm, Sm

Gp, Sp

Gt, St, Sp

Fsm, FI, Fm,
Sm, Sh, (Sr)

Clast to sand matrix-supported, moderately sorted to sorted, pebbly
gravels with sub-rounded to rounded poligenic clasts. Sub-horizontal
fabric (Gh) to massive (Gm). Abundant dm- to m-sized rounded mud-
clasts. Beds of massive sands are intercalated (Sm). Lenticular
bedsets, 0.1-0.5 m up to 1 m thick, several metres wide, are floored by
sharp concave-upward erosional surfaces. Interbedded within F4
association

Sand matrix-supported, moderately to well sorted angle-of-repose
planar cross-bedded sandy gravels (Gp) grading to cross-laminated
sands (Sp). Arranged in isolated lenticular bodies with erosive basal
scours, several metres wide and several decimetres deep, interbedded
within F4 association.

Sorted to well sorted, trough cross-bedded coarse-medium gravelly
sands (Gt, St) and planar-laminated sand (Sp). Mainly occuring in
some dm to2.5 m thick tabular intervals of highly amalgamated sheet-
like to lenticular bedsets, filling shallow concave-up erosional surfaces.
F3 association may cap both F4 and F5 facies associations. Basal
erosive boundary is locally marked by gravel lag.

Massive to thinly laminated clays and silts (Fsm, FI, Fm), commonly
forming scattered plane-concave lenses some tens of m wide and up
to 2 m thick, or thin tabular bedsets; interbedded with gravels and
sands of F1, 2, 3 associations . Rare lamina sets or thin beds of planar
to massive, or ripple cross-laminated sands are intercalated (Sm, Sh,
Sr). Convolute bedding to chaotic texture may be present. Clusters of
plant remains. Bioturbation: very limited to absent.

Downstream migration
of longitudinal (Gh)
gravel-sand bars,
grading to debris-flows
(Gm, Sm), deposited
within low- sinuosity
fluvial channels

Scour filling by
downstream migration
of: 1) gravel side bars

or 2) tranverse

barfroms, deposited
within low-sinuosity
fluvial channels
Channel accretion by
migration of sandy-
gravel dunes and
sandwaves during
falling flood stage

Deposition from
suspension in medium
to large-scale
abandoned channel
(Fsm, Fm, FI),
occasionally affected by
gravity flows (Sm) and
traction currents (Sh,
Sr)



F5
(flood plain)

Fsm, Fm, FI,
Sm, Sh

Poorly-bedded massive to thinly laminated silty clays, forming laterally
persistent 1-3 m thick tabular bodies, encasing the vertically stacked
F1, F2, F3, F4 associations. A characteristic structure may be
convolute bedding. Varying degree of pedogenic alteration and density
of root-traces. Bioturbation: widespread to absent.

Deposition from
suspension in a muddy
fluvial flood plain and or

ina
lacustrine/palustrine
setting, occasionally
affected by gravity
flows (Sm) and traction
currents (Sh, Sr)




Table 2

' part (ype CYV2 CV2 CV2 CV20 CV2 Ergﬁh‘;r‘c HUTEA, b%'crﬂ'r 5
Taxon Author Familly of remain) 0 0 0 -2 1 cv CTEA n.
AOH B8F COA A50 AilZ sections TEWA Groups
Abies sp. PINACEAE leaf 3 rare
F. Geissert
Alangium deutschmanii et H.-J. ALANGIACEAE endocarp 3 1 absent CTEA 1
Gregor
Ampelopsis ludwigii I(DAHB:\{;IIZP) VITACEAE seed 3 1 rare CTEA 4
Arctostaphylos sp. ERICACEAE fruit 1 common
Betulaceae indet. BETULACEAE fruit 1 absent
Boehmeria lithuanica Dorofeev URTICACEAE fruit 3 rare CTEA 4
Carex sp. A CYPERACEAE fruit 2 rare
Carpolites pliocucurbitinus Martinetto INCERTAE SEDIS fruit/seed 1 rare
Gossmann
. o - CTEA-
Cathaya vanderburghii Winterschei  PINACEAE cone 1 1 common
d et added
Gossmann
Chamaecyparis sp. CUPRESSACEAE seed/shoot 1sh 1se rare CTEA
(D.H. Mai)
: Pingen, .
Cinnamomum costatum LAURACEAE fruit 3 16 5 1 common HUTEA 3
Ferguson et
Collinson
Cornaceae? indet. CORNACEAE?? fruit 1 rare
Cryptomeria rhenana Kilpper CUPRESSACEAE 8 8 2 common CTEA 4
Datisca gratioloides E)Mgrt;a;tto) DATISCACEAE seed 1 rare TEWA
Ehretia europaea E.M.Reid EHRETIACEAE endocarp 1 rare HUTEA 1
(Brongniart)
Engelhardia macroptera Jaenichen et JUGLANDACEAE  fruit 3 1 rare HUTEA

al.



Erica aff. carnea

Eurya stigmosa
Fagaropsis?
Hamamelidoideae indet.

"Hartia" quinqueangularis

llex saxonica
Lamiaceae gen. et sp.
indet. B

Leucothoe sp. A

Liguidambar europaea

Liriodendron geminata
Litsea sonntagii
Magnolia allasoniae

Magnolia ludwigii
Magnolia sp.

Mahonia staphyleaeformis

Mallotus maii
Meliosma canavesana
Meliosma wetteraviensis

Nyssa disseminata

Ocotea sp. A

Phellodendron cf. elegans

Phytolacca salsoloides

Pinaceae indet.

L.
(Ludwig)
D.H. Mai

(Menzel)
D.H. Mai
D.H. Mai

Al. Braun

Kirchheimer
H.-J. Gregor
Martinetto
Ettingshaus
en

D.H. Mai et
Walther
Martinetto
Martinetto
(Ludwig) Mai
(Ludwig)
Kirchheimer

(C. Reid et
E.M. Reid)
C. Reid et
E.M. Reid

Martinetto

ERICACEAE
PENTAPHYLACE
AE

RUTACEAE

HAMAMELIDACE
AE

THEACEAE?
AQUIFOLIACEAE
LAMIACEAE
ERICACEAE
ALTINGIACEAE

MAGNOLIACEAE
LAURACEAE
MAGNOLIACEAE

MAGNOLIACEAE
MAGNOLIACEAE

BERBERIDACEAE

EUPHORBIACEAE
SABIACEAE
SABIACEAE

NYSSACEAE
LAURACEAE

RUTACEAE

PHYTOLACCACE
AE
PINACEAE

seed

seed

seed

fruit
seed
fruit

fruit
infrutescenc
e

seed
endocarp
seed

seed
fruit

seed

seed
endocarp
endocarp

endocarp

fruit

seed

seed

leaf

19

=

11

15

16
18

13

1
8 4
1
1
3
4
1
1
1
4
13 24
6 2
1
1
1
2
1
4
2
1

rare

abundant

rare

rare

rare
rare
rare
rare
common

rare
common
abundant

common

rare

rare

rare
common
rare

common

common

rare

rare

common

HUTEA

HUTEA

CTEA
TEWA

CTEA
CTEA
CTEA

CTEA

CTEA

CTEA

HUTEA
CTEA
HUTEA

CTEA
TEWA

CTEA

CTEA

N NN O



Pinus cf. spinosa

Pinus hampeana
Pinus peuce

Pterocarya limburgensis

Quercus sp.

Rehderodendron
ehrenbergii
Rosaceae indet.
Rubus

Sapindoidea margaritifera

Saurauiasp.
Schoenoplectus sp.

Sinomenium cantalense

Stemona germanica
Styrax sp.
Symplocos casparyi

"Sorbus" herzogenrathensis

Symplocos minutula
Symplocos schereri
Tetraclinis salicornioides
Tetrastigma chandlerae
Toddalia latisiliquata

Toddalia rhenana
Trigonobalanopsis

Herbst
emend. D.H.
Mai

(Unger)
Heer
Grisebach
C. Reid et
E.M. Reid

(Kirchheimer
) D.H. Mai

(Ludwig)
Kirchheimer

(E. Reid)
Dorofeev
(Knobloch et
D.H. Mai)
D.H. Mai

Ludwig
(Menzel) H.-
J. Gregor
(Sternberg)
Kirchheimer
Kirchheimer
(Unger) Z.
Kvacek
Kirchheimer
(Ludwig) H.-
J. Gregor
H.-J. Gregor
(D.H. Mai) Z.

PINACEAE

PINACEAE
PINACEAE
JUGLANDACEAE

FAGACEAE

STYRACACEAE

ROSACEAE
ROSACEAE

SAPOTACEAE?

ACTINIDIACEAE
CYPERACEAE
MENISPERMACE
AE

STEMONMACEAE
STYRACACEAE

SYMPLOCACEAE
SYMPLOCACEAE

SYMPLOCACEAE
SYMPLOCACEAE
CUPRESSACEAE
VITACEAE
RUTACEAE

RUTACEAE
FAGACEAE

cone

cone
cone

fruit
cupule

fruit

endocarp

?

seed
fruit

endocarp

seed
endocarp
fruit

endocarp

endocarp
fruit
shoot/cone
seed

seed

seed
cupule

N PR R

23

hand picking
1 1
3 9
10 6
11 2
2
2
3 3
1
23 7
1
1
12 2
1
5 2
8 7
22 6
20 8

19

10

rare

common

common

common

common

common

rare
common

common

rare
rare

common

rare

rare

common

rare

rare

common

rare

rare

common

common
common

HUTEA

TEWA
HUTEA

HUTEA

HUTEA
TEWA

HUTEA
HUTEA

HUTEA
HUTEA
TEWA

HUTEA
HUTEA
HUTEA

PW N P RPN P



exacantha

Turpinia ettingshausenii

cf. Viburnum

Viola sp.
Viola sp. B

Visnea germanica

Vitis sp.
Vitis teutonica

Zanthoxylum ailanthiforme

Zanthoxylum mueller-stollii

Kvacek et
Walther
(Engelhardt)
D.H. Mai

Menzel

Al. Braun
(H.-J.
Gregor) H.-
J. Gregor

H.-J. Gregor

STAPHYLEACEAE

VERBENACEAE

VIOLACEAE
VIOLACEAE
PENTAPHYLACE
AE

VITACEAE
VITACEAE

RUTACEAE

RUTACEAE

endocarp

endocarp

seed
seed

fruit

seed
seed

seed

seed

15

rare HUTEA

absent

rare
absent

rare TEWA

common
rare

common

rare




Table 3

e Species as HUTE  Clim.-
LEAF . named in )
Taxon Author Familly - Habitu  Ecolog Part (ty.pe Bertoldi and A biochro
/ S y of remain) ; CTEA n.
n TYPE Martinetto, TEWA  groups
1995
Abies sp. PINACEAE n EC t m leaf
Acer (sect. Platanoidea) sp. SAPINDACEAE n D t m fruit
C. Reid et
Actinidia faveolata E.M. Reid ACTINIDIACEAE e D ¢ m shgd CTEA 4
C. Reid et i
Ajuga antiqua E M. Reid LAMIACEAE n / h m fruit
Alangium deutschmanii H.-J. Gregor ALANGIACEAE e E/D t m endocarp CTEA 1
Alisma sp. ALISMATACEAE n / h hy seed
Alnus sp. BETULACEAE n D sit hy various
A. Braun Ampelopsis
Ampelopsis ludwigii I(D.H. Mai : VITACEAE ! ¢ m/r seed maIF\)/aefF())rmis CTEA 4
Aralia sp. ARALIACEAE e D S m seed CTEA
ERICACEAE n E s m fruit Arctostaphyloid
Arctostaphylos sp. es cf. menzelii
Boehmeria lithuanica Dorofeev URTICACEAE e |/ h hy fruit CTEA 4
Menispermacea
CAPPARACEAE e E/ID h/s m seed e gen. et sp.
Cappaceae gen. et sp. indet. indet.
Carex sp. CYPERACEAE n / h hy fruit
Carex panormitana-type CYPERACEAE n / h hy fruit
Carex loliacea-type CYPERACEAE / h hy fruit
Lancucka- ,
Carex cf. plicata Srodoniowa CYPERACEAE n/ h hy fruit
CYPERACEAE n o/ h hy fruit Carex
Carex sp. A paucifloroides
Carex pseudocyperus L. CYPERACEAE n / h hy fruit
Carex sp. B CYPERACEAE n / h hy fruit
Carpinus betulus L. BETULACEAE n D t m fruit
Carpinus cf. europaea Negru BETULACEAE n D t m fruit



Carpolites pliocucurbitinus

Cathaya vanderburghii

Chamaecyparis sp.

Cinnamomum costatum

Cornaceae? indet.
Cornus discimontana

Cornus maii

Craigia bronni
Cryptomeria rhenana

Cyclea palatinati-bavariae

Datisca gratioloides
Dulichium arundinaceum

Ehretia europaea
Engelhardia macroptera
Erica aff. carnea

Eurya stigmosa
cf. Fagaropsis

Fagus cf. deucalionis

Martinetto
Gossmann
ex
Winterschei
det
Gossmann

(D.H. Mai)
Pingen,
Ferguson et
Collinson

D.H. Mai

Martinetto
(Unger) Z.
Kvacek,
Buzek et
Manchester

Kilpper

H.-J. Gregor
(Martinetto)
D.H. Mai

(L.) Britton

E.M. Reid
(Brongniart)
Jaenichen et
al.

L.

(Ludwig)
D.H. Mai

Kovats

INCERTAE SEDIS

PINACEAE

CUPRESSACEAE

LAURACEAE

CORNACEAE?
CORNACEAE
CORNACEAE

TILIACEAE

CUPRESSACEAE
MENISPERMACEAE

INCERTAE SEDIS
CYPERACEAE
EHRETIACEAE

JUGLANDACEAE

ERICACEAE
PENTAPHYLACEAE
RUTACEAE
FAGACEAE

EC

EC

E/D

E/D

s/t
s/t
s/t

fruit/seed

cone

various

fruit

fruit
fruit

fruit

fruit

various

endocarp

seed
fruit

fruit

fruit

seed
seed

seed
cupule or
fruit

Carpolithes
cucurbitinus

Myrica cf.

altenburgensis

Swida
gorbunovii

Pteleaecarpum

bronnii

Carpolithes
gratioloides

Ehretia sp.

Paleocarya
macroptera

Fagus sp.

CTEA-added

CTEA

HUTE
A

HUTE
CTEA
HUTE

TEWA

HUTE

HUTE

HUTE



Ficus potentilloides

Hamamelidoideae indet.

"Hartia" quinqueangularis
Hypericum sp. C
Hypericum sp. D
Hypericum tertiaerum
llex cf. cantalensis

llex saxonica

llex sp.

llex thuringiaca

Juglans bergomensis

Lamiaceae gen. et sp. indet.

B

Lamiaceae gen. et sp. indet.

C

Leucothoe aff. narbonnensis
Leucothoe sp. A
cf. Lindera

Liguidambar europaea
Liriodendron geminata

Litsea sonntagii
Lycopus aff. americanus
Magnolia allasoniae

Magnolia ludwigii
Magnolia sp.

D.H. Mai

(Menzel)
D.H. Mai

P. Nikitin

E. M. Reid
D.H. Mai

L.

D.H. Mai
(Balsamo-
Crivelli)
Massalongo

(Saporta)
D.H. Mai

Al. Braun
Kirchheimer

H.-J. Gregor
Mubhl. ex
W.P.C.
Barton
Martinetto
Ettingshaus
en

MORACEAE

HAMAMELIDACEAE

THEACEAE?

GUTTIFERAE
GUTTIFERAE
GUTTIFERAE
AQUIFOLIACEAE
AQUIFOLIACEAE
AQUIFOLIACEAE
AQUIFOLIACEAE

JUGLANDACEAE

LAMIACEAE
LAMIACEAE

ERICACEAE

ERICACEAE
LAURACEAE

ALTINGIACEAE
MAGNOLIACEAE
LAURACEAE

LAMIACEAE

MAGNOLIACEAE
MAGNOLIACEAE
MAGNOLIACEAE

/

5 3 3 3 5 O O

~ o

® @d O

E/D

E/D
E/D
E/D
E/D
E/D
E/D
E/D

E/D
E/D

E/D

E/D
E/D
E/D

s/t

s/t

h/s
h/s
h/s

n unu non

s/t

s/t
s/t
s/t

3333333 3

3

endocarp

various

fruit

seed
seed
seed
seed
seed
seed
seed

endocarp

fruit
fruit

fruit

fruit
endocarp
infrutescenc
e

seed

endocarp

fruit

seed
seed

fruit

Hamamelidoide
ae gen. et sp.
indet.

Hartia
qguinqueangulari
S

Liquidambar
magniloculata

Gironniera? cf.
carinata

Magnolia lignita

TEWA

CTEA

CTEA
CTEA

TEWA
CTEA

CTEA

CTEA

CTEA
CTEA



Mahonia staphyleaeformis
Mallotus maii
Meliosma canavesana

Meliosma wetteraviensis
Melissa sp.
Mentha sp.

Nuphar canaliculatum

Nyssa disseminata
Ocotea sp. A
Oenanthe sp.

Olea cf. moldavica
cf. Ostrya

Paulownia cantalensis

Phellodendron cf. elegans
cf. Phoebe sp.
Phytolacca salsoloides

Pinus cf. spinosa

Pinus hampeana
Pinus peuce
Pinus sp.
Polygonum sp.

Potamogeton sp.

D.H. Mai et
Walther

Martinetto

Martinetto
(Ludwig)
D.H. Mai

L.

C. Reid et
E.M. Reid
(Ludwig)
Kirchheimer

Negru

(E.M. Reid)
D.H. Mai in
Martinetto
(C. Reid et
E.M. Reid)
C. Reid et
E.M. Reid

Martinetto
Herbst

emend. D.H.

Mai
(Unger)
Heer
Grisebach

BERBERIDACEAE

EUPHORBIACEAE

SABIACEAE

SABIACEAE

LAMIACEAE
LAMIACEAE

NYMPHAEACEAE

NYSSACEAE

LAURACEAE
APIACEAE
OLEACEAE
INCERTAE SEDIS

PAULOWNIACEAE

RUTACEAE

LAURACEAE
PHYTOLACCACEAE

PINACEAE

PINACEAE

PINACEAE
PINACEAE
POLYGONACEAE

POTAMOGETONACE
AE

~> oo o

>

\\\U

=mT™m O

EC

EC

EC
EC

s/t

s/t

5 D o+

3

3

333 3

>
<

seed
seed
endocarp

endocarp

fruit
fruit

seed

endocarp

fruit
fruit
endocarp
fruit

seed

seed

calyx
seed

cone

cone

cone
cone
fruit

endocarp

Mallotus sp. A

Meliosma aff.
reticulata

Nyssa sibirica

Phobe sp.

Pinus cf.
massalongi

CTEA
HUTE

CTEA
HUTE

CTEA
TEWA

TEWA

HUTE

CTEA

CTEA



Proserpinaca reticulata
cf. Pseudotsuga

Pterocarya limburgensis
Quercus sp.
Ranunculus cf. tanaiticus

Rehderodendron ehrenbergii
Rhododendron sp.
Rosaceae indet.

Rubus microspermus
Rubus semirotundatus
Sambucus pulchella
Sapindoidea margaritifera

Saurauia sp.
Schoenoplectus sp.
Selaginella kunovicensis
Selaginella moravica

Sequoia abietina

Sinomenium cantalense
Solanum cf. dulcamara

Sparganium nanum
Spiraea sp.

Stemona germanica
Styrax sp.
Symplocos casparyi

C. Reid et
E.M. Reid

C. Reid et
E.M. Reid

Dorofeev
(Kirchheimer
) D.H. Mai

C. Reid et
E.M. Reid
Lancucka-
Srodoniowa
C. Reid et
E.M. Reid
(Ludwig)
Kirchheimer

Knobloch
Knobloch
(Brongniart)
Knobloch
(E. Reid)
Dorofeev

L.

Dorofeev in
Kolakovskij

(Knobloch et

D.H. Mai)
D.H. Mai

Ludwig

HALORAGACEAE
PINACEAE
JUGLANDACEAE

FAGACEAE
RANUNCULACEAE

STYRACACEAE

ERICACEAE
ROSACEAE

ROSACEAE

ROSACEAE

ADOXACEAE

SAPOTACEAE?

ACTINIDIACEAE

CYPERACEAE
SELAGINELLACEAE
SELAGINELLACEAE

CUPRESSACEAE

MENISPERMACEAE
SOLANACEAE
SPARGANIACEAE
ROSACEAE

STEMONACEAE

STYRACACEAE
SYMPLOCACEAE

EC

E/D

O U O OO O —

~

E/D

s/t
s/t

- oo 5T -

> ST O

s/t
s/t

hy

m/hy
m/hy

3 3 3

m/hy

m/r

m/hy
hy

fruit
cone
fruit

various
fruit

fruit

fruit
various

endocarp
endocarp

endocarp

?

seed

fruit
megaspore
megaspore

seed

endocarp
seed
fruit

fruit
seed

endocarp
fruit

not mentioned

Erica aff.
carnea L.

Scirpus sp.

Spirellea aff.
bohemica

Symplocos

HUTE

TEWA
HUTE

HUTE

HUTE

TEWA
HUTE



"Sorbus" herzogenrathensis

Symplocos minutula

Symplocos schereri
Taiwania cf.
paracryptomerioides
Ternstroemia reniformis
Tetraclinis salicornioides
Tetrastigma chandlerae

Toddalia latisiliquata

Toddalia rhenana

Trigonobalanopsis exacantha
Betulaceae indet.

Turpinia cf. ettingshausenii
cf. Viburnum
Viola sp.

Viola cf. neogenica
Viola sp. B

Visnea germanica
Visnea?

Vitis

Vitis sylvestris-type

(Menzel) H.-
J. Gregor
(Sternberg)
Kirchheimer

Kirchheimer

Kilpper
(Chandler)
D.H. Mai
(Unger) Z.
Kvacek

Kirchheimer
(Ludwig) H.-
J. Gregor

H.-J. Gregor
(D.H. Mai)
Z. Kvacek et
Walther

(Engelhardt)
D.H. Mai

D.H. Mai et
Walther

Menzel

SYMPLOCACEAE

SYMPLOCACEAE

SYMPLOCACEAE

CUPRESSACEAE

PENTAPHYLACEAE

CUPRESSACEAE

VITACEAE

RUTACEAE

RUTACEAE

FAGACEAE

BETULACEAE
STAPHYLEAECEAE

VERBENACEAE
VIOLACEAE

VIOLACEAE

VIOLACEAE
PENTAPHYLACEAE
PENTAPHYLACEAE?
VITACEAE

VITACEAE

=] = -~

S5 ™~ S

EC

EC

m

O oOoTm™ = =™ m O

s/t

s/t

s/t

—

O ~unw s T STou

3

3

333 3 3™

Ir

endocarp
endocarp
fruit
cone
seed
cone
seed
seed

seed

cupule?

fruit
fruit

endocarp
seed

seed

seed
fruit
?

seed

seed

durensis, S.
lignitarum, S.
salzhausenensi
S

Taiwania sp.

Tubela sp.

Viola sp.

Vitis
parasylvestris

HUTE

HUTE

HUTE

HUTE

HUTE

TEWA

HUTE

HUTE

HUTE

HUTE

TEWA



Vitis teutonica

Zanthoxylum ailanthiforme
Zanthoxylum cf. tiffneyi
Zanthoxylum mueller-stollii

Zanthoxylum sp.

A. Braun
(H.-J.
Gregor) H.-
J. Gregor
H.-J. Gregor
H.-J. Gregor

VITACEAE

RUTACEAE

RUTACEAE
RUTACEAE

RUTACEAE

E/D

E/D
E/D

E/D

s/t

s/t
s/t

s/t

m/r

seed

seed

seed
seed

seed

Vitis teutonica

Zanthoxylum
sp.



Highlights

New palaeofloral, magnetostratigraphic and foraminiferal data from Italy

Rich palaeoflora in continental sediments deposited during the late Gilbert chron
Biogeographic-climatically relevant taxa indicate a “subtropical humid forest”
Ca' Viettone locality as reference site for a late Zanclean regional Florenkomplex
One of the best European vegetation records during early Pliocene warmth



Synorogenic basins
D Quaternary successions
[ Piiocene successions

) Eocene-Messinian successions

7°20'E 7°30'E
\:’ Alluvial deposits (Holocene)
I:I Alluvial deposits (Upper Pleistocene)
- Alluvial deposits (Lower-Middle Pleistocene)
- Glacigenic deposits (Pleistocene)

Continental deposits (Zanclean-Piacenzian)
- Marine deposits (Zanclean)

§\ Alluvial fan

Localities with Pliocene
carpological assemblages

Figure 1

45°30'N

45°20'N

45°10'N
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LITHOLOGY
gravels

sandy gravels
gravelly sands

sands

clays & silts

- lignite seam

CODE LITHOFACIES

Gt  Trough cross-bedded gravel and sandy gravel
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Series and Stage
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PLEISTOCENE

Zanclean

Piacenzian
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Calabrian
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Age (Ma)
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33 31
h

26t01.8
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0800

Marine biozones

Magnetic polarity

Intervals covered by dated carpofloras

Main Képpen climate type
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Fossano | FO2-FO3

Chiavenna CVE1-2

Villafranca RDB

Front FR1-2

Stura FF
HUTEA/CTEA/TEWA

Groups with
biochronological relevance
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garitifera (Ludwig) Kirchheimer
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Tetraclinis salicornioides (Unger) Kvacek
Trigonobalanopsis exacantha (Mai) Kvacek & Walther
Turpinia eftingshausenii (Engelhardt) Mai
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