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ABSTRACT — The Upper Valdarno fossil vertebrates in the collections of the Natural History Museum of Firenze include faunas of the
Villafranchian events, but more than 70% of their specimens are catalogued without precise stratigraphic position, and most of them from the
old collections. Magnetostratigraphy has dated the earlier two successions of the basin ﬁ;;/, [from the late Gauss chron throughout the Olduvai, in
the interval from 3.3 Ma to about 1.75 Ma, and the fossil faunas there collected can be placed in a chronological asset with time resolutions up
to few ky. A relevant part of collections labelled in the Museum inventory with ages of Pleistocene or early Pleistocene is now dated in the last 200
ky of the Pliocene, and shortly afier the PIP boundary, which has been fixed in the stratotype at 1.8 Ma. The new accuracies range from + 50 ky
fgr the ones of lesser grade to + 30 ky for most of the old collections when their position is reconstructed from the caralogue information to lie in
one of the lithostratigraphic units which are now well dated. Dates better than this are provided for the best repositioned ones, as Nesti’s Rhinoceros
of 1811 dated 1.83 + 0.01 Ma, and Azzarolis Elephant of 1953 at 1.850 + 0.015 Ma, while the new finds reported with 1 m accuracy in the
Faella magnetostratigraphic type section are dated with + 2 ky.

RIASSUNTO — [Le collezioni a vertebrati del Valdarno Superiore di eta tardo-villafranchiana calibrate dalla ricostruzione magneto-
stratigrafica della serie sedimentaria del bacino nel Pliocene.] — Le successioni continentali sono state datate attraverso il contenuto fossilifero
discontinuo delle faune a vertebrati: tale criterio & oggi completato da quello magnerostratigrafico (Lindsay, 2001), come appunto ¢é stato realiz-
zato nel Valdarno Superiore. Qui la datazione biocronologica ha potuto essere affinata, fino alla correlazione con quella biostratigrafica, per
mezzo della calibrazione paleomagnetica della gran parte il[e sezioni da cui provengono i fossili delle raccolte del Museo. Lo scopo attuale é di
illustrare i risultati magnetostratigrafici ottenuti nella serie continentale del bacino che permettono di datare i rinvenimenti pii recenti (Mazzini
M. et al., 2000) e le collezioni classiche (Cioppi & Napoleone, 2001). Lussetto magnetocronologico della serie (Albianellr et al., 1995; 1997;
2002; Napoleone et al., 20016) consente ['uso di una eti cronostratigrafica di dettaglio a corredo dei singoli reperti censiti nella catalogazione
automatizzata delle collezioni (Cioppi et al., 1996).

La ricostruzione magnetostratigrafica del bacino, e specialmente quella del secondo ciclo sedimentario di Montevarchi, che appunto ha for-
nito la gran parte dei fossili delle collezioni del Museo, assegna le sue tre unita litostratigrafiche agli ultimi 300.000 anni del Pliocene e poche
decine di migliaia del Pleistocene. D altra Zparte, Uescursione stratigrafica delle faune rinvenute ricopre tutta l'estensione della sezione di Faella,
per un totale di 220.000 anni: quindi, nel peggiore dei casi, tutti i reperti sono compresi entro limiti di ca. 100.000 anni, compresi quelli privi
di una qualsiasi indicazione stratigrafica entro la serie di Montevarchi. Invece, alcune indicazioni sono reperibili nel catalogo, e permettono di
risalive alle loro posizioni con varie approssimazioni. Gli eventi principali nella sevie hanno inizio da prima del crono Olduvai (1.95 Ma), e
oltrepassano il limite del Pleistocene, f£4t0 nello stratotipo della Vrvica a 1.796 Ma (Van Couvering, 1997). I primi valori temporali ottenuti
dalla calibrazione dei loro siti riguardano i giacimenti pits recenti: Matassino a 1.950 + 0.005 Ma e Poggio Rosso a 1.870 + 0.005 Ma
(Napoleone et al., 20016). Con analoga accuratezza sono datate le collezioni di cui non & riportata in catalogo la quota precisa, ma da riscon-
tri di campagna e altri indizi ¢ stata vicostruita una posizione con pochi metri di incertezza: é il caso di due reperti esposti nel Museo, il
Rinoceronte di Nesti del 1811 a 1.83 + 0.01 Ma (Napoleone et al., 2001a) e 'Elefante di Azzaroli del 1953 a 1.850 + 0.015 Ma (Azzaroli
& Napoleone, in manoscritto).

Lubicazione delle altre faune prive di indicazioni del sito & comunque riferibile alle tre unita litostratigrafiche individuate nella serie di
Montevarchi, aventi spessori medi di ca. 30 m e una durata di ca. 100.000 anni. Quindi la loro posizione é in massima parte ricostruibile entro
+ 15 m, il che conduce ad una incertezza di et inferiore a + 50 ka. La raccolta di Faella é invece particolare, poiche si estende per quast tutto
lo spessore della serie, raggiungendo 220 ka a partire da prima dell'inizio dell Olduvai (Napoleone & Azzaroli, 2002); nei livelli piis bassi della
serie, esposti nella sezione di cava Pratigliolmi, sono stati rinvenuti gli ultimi reperti, dell aprile 1999 e gennaio 2000 e darati 1.980 + 0.002
Ma e 1.990 + 0.002 Ma. Queste date sono le piir antiche per le faune del secondo ciclo e quelle con laccuratezza piv alta, essendo 'ubicazione
dei siti precisa entro 1 metro.

Viene cosi fissato il criterio stratigrafico nella classificazione delle collezioni, in modo che il valore numerico delle loro eti pone termini tem-
porali precisi alle relazioni di diversificazione delle faune del VS che erano sempre risultate molto tenui tra le varie associazioni raggruppate nel
Vil/aﬂzpzmhiano superiore e che nella nuova calibrazione magnetostratigrafica si collocano fino al limite del Quaternario e intorno a questo.

INTRODUCTION palaeontological collections in the Natural History
Museum of Florence University (NHMFU) with the
Recent discoveries of rich vertebrate deposits, in high resolution of magnetic stratigraphy (Cioppi &

the Montevarchi Succession (MS) of the Upper Napoleone, 2001). This was particularly viable in the
Valdarno (UV) sediments (Mazzini M. et /., 2000), MS, as its profile was almost fully covered by the
led to reconsidering the problem of dating the magnetostratigraphic type section established at the



302 G. NAPOLEONE et al.

Faella cl.ly pit (Albianelli ez al, 2002). Moreover.
most of the UV fossils are sited in the MS, thus
favouring the present aim of numerically dating the
classical findings of the past two centuries stored in
the NHMEU collections by the chronostratigraphy
revised by Berggren er al. (1995) and based on the
Geomagnetic Polarity Time Scale (GPTS). The pre-
sent work intends t illustrate the new magne-
tochronologic  setting of the UV sedimentary
sequence containing the late Villafranchian faunal
assemblages, dated by the changes of the fossil mag-
netic vector through its short interval of continuous
deposition in the MS lacustrine and palustrine series.

The first protfile was reconstructed in the basal
silty sequence (Torre ez al., 1993), by assembling a
few short sections as usual for natural exposures in
such soft and flac deposits, but soon aided by the ones
produced by quarrying operations for the clay
exploitement at the Matassino pit. The best profile
was produced ter nearly 80 m (Text-fig. 1), by quar-
rying the Pratigliolmi clay pic in the Faella territory
(Text-fig. 2), that cuts almost the whole MS except a
few meters on its extremes, and this series wnl{ be
often reported here as the Faella magnetostratigraph-
ic type section.

This high resolution dating was also applied to the
early Villafranchian sequence (Albianelli er al.. 1997),
and is now being carried out on the post-
Villatranchian short sequence (Albianelli ez n} in
preparation), with the aim of producing the magne-
t()C'll‘()n()l()gIC reference for other intramontane
sequences of the Apennine basins (Sagri er al, 1994).
They could assume a new arrangement by correlation
with the UV magnetostmtigmpﬁy, the first calibrated
succession and the one with the earliest terms (Torre ez
al., 1996). A straight confirmation of these dates was
produced by the continental sequences outside the
UV. The Lower Valdarno one, West trom Florence,
has yielded two short profiles confining the long
sequence of shallow marine deposits reconstructed by
Benvenuti er al. (1995), and dated nearly 300 ky in
the latest Gauss (Albianelli er @/, unpublished data),
up to the Montopoli fauna dated 2.58 Ma (Lindsay e
} 1980) at the Gauss/Matuyama boundary.

A larger interval was recorded in the lacustrine
sequence of Valtiberina (in the upper Tiber Valley),

. 100 km South from the UV. Its continuous basal
scq uence lasted more than 600 ky, when it was inter-
rupted by the severe tectonics of the Apennine uplift
that produced a master fault of the basin and the «ilt-

ing of the clay beds by nearly 30°. The deposition ot

the sequence took place during 200 ky in the latest
Gauss and more than 400 ky until the post-Reunion
Mutuynnm chron, beginning at 2.14 Ma (Abbazzi e
al., 1997: Pontini er al., 2002).

A correlation of recent findings tfrom North of
Rome was done with the UV fauna of late

Villatranchian, based on the biochronologic point of

view (Mazzini I. er al, 2000); actually, the present
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Text-fig. 1 - View of the sections used to construct the magne-
tostratigraphic profile of the MS. A) The Faclla pit
scection during [Lc clay quarrying: the lower part is 35
m thick, the upper 28 m. the results of the paleo-
magnetic surveys are also reported by their sides with
the Olduvai magnctozones. B) The Galleria Tasso
section open to construct the lining of the railway
tunnel, near the Tasso creck for a 32 m thickness.

calibration can correct the high uncertainty of such a
dating by adding a high resolution to it (Napoleone
et al., submirtted).

PREVIOUS WORK FOR DATING THE UPPER
VALDARNO FAUNAS

A geochronologlc.ll outline of the UV sequence
con(.unlng the vertebrate taunas will be resumed, and
its dates reviewed in order to illustrate the results of
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the magnetochronology applied to the Museum col-
lections, from the oldest ones of two centuries ago 1o
those of April 1999 and January 2000 (Ndp()lu)m &
Azzaroli, 2002). The UV tossil collections formed a
relevant nucleus within the findings which gave ori-
gin t the insttution of the Museum, at the end of
the 17 hundreds (Ci 1()pp|, 1999). From the first UV
dml()gm of 356 specimens complled by Filippo
Nesti in 1845, the fossils now consist of nc.lrlv 4,000
specnmens, in a collection harbouring over 20 thou-
sand specimens, which have not yet been fully insert-
ed in the automated GEF catalogue (Cioppi ef al.
1996). Such a development took pldct‘ thanks ro the
contribution of gifts by amateur-collectors o the
Museum since the “Grand Duke age” of late 17 hun-
dreds, and to recent recoveries by the Museum. While
the acquisitions of the last 100 years do not exceed
30% of the Museum patrimony, the bulk of the old
collections formed the base for the ordination of the
UV faunas in the biochronological system (Azzaroli er
al, 1992). Then. the l)l().\(Id(lgrdpl‘llc.ll correlation
was attempted in order to inrcgmre a regional classi-
fication ()f1 the European faunas in the chronostrati-
graphic system, and finally magnetic stratigraphy has
provndcd the gcochmnnlogv of the sedimentary
sequences and of their fossil content by assigning
them a numerical age.
These steps in dating the UV history emphasize
the role played by the MNHFU collections of verte-
brates in h)cusmg the studies on the basin evolution.

A) BIOCHRONOLOGICAL SUCCESSION OF FAUNAS

Chronological classification of faunas in the intra-
montane Plio-Pleistocene basins and littoral deposits
of the Apennines and lowlands received a fundamen-
tal contribution tfrom the UV collections and other

um record.

sites in Tuscany, although many findings lack the ret-
erence of a firm mpogmphxcal or s(r‘mgmphlcal posi-
ton. Bl()chr()n()l()glcal aftinities of faunas collected in
various sites of the Northern Apennines were used for
dating their associations, whose basic characteristics
were first described by Pareto (1865, in Azzaroli,
2001). A complete asset of these characters provided
the Villatranchian Stage (Azzaroli, 1977a), which was
used tor the Italian taunas undl a new chronological
framework for Mammal Neogene (MN) Age
Classitication of the European faunas was introduced
(Mein, 1990).

For the Villafranchian part, six groups were estab-
lished in Faunal Units (FU). The Triversa FU is the
earliest of the MN 16, later divided into MN16a and
MNI16b by Azzaroli, and represents the base of the
Villafranchian. In the UV, the Castelnuovo dei
Sabbioni local fauna is reterred to chis unit. It
includes fossils from the old lignite mines and clay
quarries (among which are those of Gaville, Tegolaio,
Montetermini, and the large one at Santa Barbara),
on the left bank of the Arno river. The next middle
Villafranchian is tormed by Monmpoli FU from the
Lower Valdarno (the unit MN16b), Saint Vallier FU
from France and Costa San Giacomo FU in central
Italy, which are not repruemed in the UV. Then, the
Olivola FU from northern Tuscany (ca. 100 km
North from the UV) marked the onset of the late
Villatranchian and is first reprexc.ntcd in the UV by
the Matassino fauna, in the clay pic near I‘lglmc
(Text-fig. 2). It may be pointed ourt that the age of
this fauna was initially equated to that of the Olivola
FU and then assumed shortly vounger (Azzaroli,
1983). Most significant, in fact, was seen in the UV
the association of Eguus stenonis and E. stehlini all
through the MS, while che latcer species is lacking at
Olivola (Almmll. 1950), and other species of Olivola
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were present at St. Vallier and not in the UV. The
Villafranchian age ends in the UV with the Tasso FU,
collected in the area of the Tasso village, and contin-
ues in the Italian peninsula with the Farneta FU and
Pirro FU, as lately reviewed by Azzaroli (2001).

B) BIOSTRATIGRAPHICAL RESOLUTION

The need to insert the FU from continental
sequences into chronostratigraphy had always
rompted studies to search common elements to link
Eiochronological and biostratigraphical classifica-
tions. The influence exerted by Gignoux since the
early 19 hundreds was fundamenta% in finding the
best ltalian Plio-Pleistocene sites for fixing the
Neogene stratotypes. In contrast, more recent analy-
ses were partial and scanty (Azzaroli & Berzi, 1970;
Ambrosetti et al., 1972; Azzaroli, 1977a; 1983; Torre,
1987). In former years, the onset of the late
Villafranchian was assumed coincident with that of
the Pleistocene, and this induced to correlate
biochronologic events with the biostratigraphical
ones by equating their ages. The Olivola FU was cor-
related with the Globigerina cariacoensis biozone (De
Giuli et al., 1983; 1986).

This brought to place also the first UV faunal
assemblage of late Villafranchian, the Matassino
Locality, to a younger age in the early Pleistocene,
thus moving rKe Tasso FU to an even younger age.
The Triversa FU indeed was correlated with the
Globigerina  puncticulata biozone of the middle
Pliocene, after the Montopoli FU was dated at the
beginning of the Matuyama chron (Lindsay et al.,
1980), which also marks the boundary of late
Pliocene with the middle Pliocene. During 20 years
of attempts (Azzaroli, 1977a; Gliozzi et al., 1997),
such a cEronostratigraphic setting of the UV could
not be stringent, as the response of the continental
habitat (and its Olivola-like fauna) to the transition
from the Pliocene to the Quaternary represented a
rather tenuous turnover for the mammalian faunas
(Azzaroli, 1983; 2001; Torre et al., 2001). However,
the Villafranchian events recorded through the UV
basin fill may be now correlated with the biostrati-
graphic zonation by means of the chronological asset
provided by the GPTS magnetochronology
(Berggren et al., 1995). Also the global distribution of
the mammalian faunas has been updated and their
classifications in ditferent sequences correlated with
the GPTS magnetochronology have recently been
reviewed by Lindsay (2001).

C) MAGNETOSTRATIGRAPHICAL CALIBRATION

The possibility of closely correlating sedimentary
sequences of different facies, and even at great dis-
tances, developed when the magnetostratigraphic cri-
terion was introduced. In the lateer, the correi:ition of
sequences is made through a guide fossil, the mag-

netic vector, which is worldwide acting for each time
interval during a geomagnetic epoch and successively
changes, thus making the po(;;riry sequence. This
sequence represents the continuous flow of the geo-
logic time measured in years, since the record of the
marine magnetic anomalies and each one of its
changes produced a polarity event defined within few
thousanj) years. Therefore, the UV faunas calibrated
to such a time scale were recently correlated with
those from India (Azzaroli et al., 1997), since the lat-
ter had also been calibrated by magnetic stratigraphy
(Azzaroli & Napoleone, 1981). Calibration of the
UV faunal associations (Torre et al., 1993; Albianelli
et al., 1995; 1997: 2002) correlates the early
Villafranchian fauna of the Triversa FU with the
Tatrot stage in the Himalayan sequences, while the
late Villafranchian containing the faunas of
Matassino, Faella, Poggio Rosso, Casa Frata, and
Tasso is correlated with the Pinjor. The Plio-
Pleistocene boundary in India is localized within the
laceer.

MAGNETIC PROPERTIES OF THE UPPER
LACUSTRINE ROCKS

Magnetic stratigraphy, based on the succession of
the magnetic polarity events, leads to the correlation
of these chronostratigraphic ages to the GPTS dates.
It marks the current phase in the reconstruction of
the evolutionary model of the UV, which was based
before on the biochronological succession of terrestri-
al faunas. The magnetic stratigraphy of the MS cycle
has been defined after analysing the various rock
types of the lacustrine and palustrine facies, includin
the sandy layers embedded in them by channelleﬁ
deposits in tf;e meandering of the Arno river. Their
magnetic properties were examined by the experi-
ments carried out in the Palacomagnetic Laboratory
of the Swiss Federal Institute of Technology in
Zurich, and were reported on during the various
occasions mentioned in the references already quot-
ed. The magnetic properties of the rock types have
been emphasized in each occasion when dates of the
UV series were discussed, as evidencing a good
recording of the original magnetic vector. In the pre-
sent case another example OFthC prominent presence
of magnetite as the main carrier of the primary mag-
netization of these continental sediments is shown
(Text-fig. 3), while a complete account to illustrate
different rock types of the UV series is reported else-
where (Napoleone et al,, submitted).

Two typical facies of the MS are represented at the
Poggio Rosso Locality, the clayey Ascione (samples
PR 7.2 and PR 10) and the sandy Oreno (samples
PR12 and PR 17.6). In particular, the fossil deposit
was embedded in a coarse sand with minute gravel,
similar to the one described by Nesti for his
Rhinoceros of Monte al Pero recovered in the “sansi-
no” coarse sand (Napoleone er al., 2001a), which is
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Text-fig. 3 - Rock-magnctic propertics, summarised by the pattern of vector diagrams showing the demagnetization behaviour of the

rock types in the profile of the Poggio Rosso Locality. The lowest sample (PR 7.2) is from the silty bed just overlying the
stracum level of ihpe fossil site, and followed by that from the sand (PR 10) of the channel deposit in the embedding silt
similar to the "sansino” sand of the fossil level. The next one (PR 12) is from the clay silt. All three are demagnetized by
thermal treatment up 1o 580 °C and 620 °C (in the diagrams to the right-hand side), to which the magnetic remanence is
almost completely destroyed. The dircctions (in the Ziidg;rvcld diagrams to the left) show the straighttforward pattern of the
primary magnetization to the origin, as not having been affected by important overprints. The uppermost samrlc (PR 17.6)
is demagnetized under alternating ficlds (af) up to 160 mT (milli-Tesla). Dots are in the horizonal plane, circles in the ver-
tical plane. The 22 m section recorded only a normal magnetization and is correlated with the upper Olduvai of the facing

Faclla standard section.

also known as the most common deposit in the MS
sediments containing fossil bones. The rock type clos-
est to it is sample PR 10, while the three other sum-
marize most of the range in which the rock magnetic
properties are quite similar, indicating magnetite as
the dominant carrier of the magnetization. This was
confirmed by the Lowrie’s procedures of three-com-
ponent saturation and demagnetization, which yields
the same low coercivity of the basic minerals and a
blocking temperature at mainly that of magnetite.
The characteristic directions of each MS sample
yielded the overall polarity sequence, which re-

arranges the UV fill in a stratigraphic series accordin
to the magnetochronological scii’eme of Text-fig. f
The new conditions of the numerical datings there
displayed, regulate the chronostratigraphical asset of

the faunas in the NHMFU collections, in the follow-

ing scheme.

MAGNETOCHRONOLOGY OF THE MONTEVARCHI
SERIES AND ITS FAUNA

In the second lacustrine de(Fosi[ion, the MS units
mainly formed by silt and sand, rich faunas are repre-
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sented in several sites and reterence to them is made
through catalogue intormation. The most significant
collections are those of Martassino, Casa Frata and
Poggio Rosso, recovered in 1964-68, 1978 and 1995,
respecnvelv. while the oldest ones are Faella and
Tasso, whose earliest fossils were retrieved since the
second halt of 17 hundreds and beginning of 18 hun-
dreds, respectively.

1 - MATASSINO
This fauna (267 tile cards in the GEF catalogue)

consists of 13 species, the most common of which is
Leprobos etruscus, with 31% of specimens. lts
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Text-tig. 4 - Magnetochronology
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lecone &  Azzaroli,
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1.850 which also the PP
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The profile from  the
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the MS are positioned,
and correlated  with
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for the P/P boundary
to which also the con-
tinental series s cali-
brated.

100
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1.950 80

Clay

biochronological dating was first based on the atfini-
ty with the Olivola fauna, which in turn marked the
onset of the Late Villafranchian, and therefore classi-
fied as the earliest fauna in the UV late
Villatranchian. As aforesaid, the latter was considered
the beginning of the Pleistocene before its boundary
had been fixed in the Vrica stratotype and calibrated
o 1.796 Ma (Van Couvering, 1997). The initial
affinity of the Matassino fauna with Olivola was
thereafter disregarded, and the former one considered
bllghl') posterior to the latter (Azzaroli, 1983). Then,
its biochronological position was further rejuvenated
by Gliozzi et “al., (1997), being placed midway
between the ages of Olivola and Tasso taunas, and
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eventually fixed proximal to the Tasso FU (Masini ez
al., 1998). The i:uest figure, by Torre er al. (2001),
i.‘r()ups all faunas closer to the Plio/Pleistocene
boundary. In contrast, the Matassino fossil deposit is
contained in the upper part of the Terranuova silt - the
MS lower unit - and is now calibrated to the onsert of
the Olduvai chron at 1.95 £ 0.005 Ma (Text ﬁg 5)
while it had been previously misplaced in pr()xmmy
of the end of the pol.m[v zone (Torre et al., 1993).
This date actually is 150 ky before the P/P boundary,
which implies a deep change of the UV geochronol-
ogy, moving back ;llr(;mcien( and new) collections to
older dates (Cioppi & Napoleone, 2001; Napoleone
et al., 2001b).

- CASA FRATA

The faunal association of Casa Frata (I 15 GEF
cards) was largely brought to light in 1978 and
referred to the late Villafranchian (Borselli er al.,
1980), successive to the Olivola FU (De Giuli &
Masini, 1986). The site is lichostratigraphically high-
er than that of the Matassino Faun.l. bemg in the
upper Mb, at the b()und.lry between its middle and
upper units. Moreover it was also believed younger
than most UV finds, although has not been further
studied and its direct calibration is not vet available.
Its position is placed in Text- ﬁg 4 just above the
Ascione clay, and calibrated in the Faella magne-
tostratigraphic section. However, the correlation of its
site wnﬁ the magnetic type section of Faella, and with
the youngest representatives of the Faella collection,
to be discussed below, are already the strongest means
to pull down its position to a much lower level than
that based on tLe biochronological age, which is
assigned close to that of the Tasso FU (see later). The
represented species are 17, predominant among
wfnch is Equus steblini, with 27% of specimens.

3 - POGGIO ROSSO

Collected in 1995 and now being camlogued
(with 560 file cards by the end of 2000), this fauna
came from the new section opened in the clay pit
above that of Matassino and at a level bed 30 m high-
er than the Matassino fossil site (Mazzini M. et al.,
2000). lt comprises more than one thousand speci-
mens, whose essential elements indicate a late
Villafranchian age, even it detailed biochronological
data are not yet available but only prelnmn.lry
excerpts were announced (Torre er al., 1999). The
palacomagnetic analysis carried out in its 22 m long
exposure showed a single normal polarity, which was
reﬁ’rred to the Olduvai chron. However, recent mag-
netochronologlc dating of the MS, also with the con-
tinuous cyclostr.mgr.lphlc analysis of the magnetic
record in the Faella section, enhanced a steady depo-
sition rate based on the astronomical precession and
obliquity cycles, for a time span of 220 ky (Napole-

one & Albianelli, 1998). The l’ogglo Rosso fauna,
already dated within 15 ky accuracy, in the Olduvai
chron (Napoleone et al., 2001b), has now been more
accurately placed at 1.87 + 0.005 Ma (Napoleone er
al., in manuscript).

4 - FALLLA

The Faclla fauna (29 GEF cards) is quite ditterent
from the previous localities, as the old collection of
13 specimens, assembled during one century until
the second half of the 18 hundreds, was made with
specimens not precisely located, but whose prove-
nance was reported from the area around the Faella
village All the new ones were recovered in the section
of the Prarigliolmi clay pir and mostly in well located
pl.lces (Text-tig. 4). The collection consists of 10

vecies, of which [e/)tobos etruscus represents 45% of
tLe total. The 13 specimens of the Olij collection, rep-
resenting 7 species, were considered by Azzaroli to
have been retrieved on the surtace, from the shallow
MS levels in the Faella area, i.e. in the Qreno sand,
and cherefore dated as the youngest ones. The 16 new
specimens were acquired in the last 35 years, all
recovered from excavations in the Faella section and
mainly from the intermediate and basal part of the pic
(Napoleone & Azzaroli, 2002). Moreover, the latest
findings added to the collection in April 1999 and
January 2000 were retrieved at the level of the Faella
creek, 1.e. at the same level of the Casanuova site of
Cocchi’s recovery in 1862, at the base of Monte al
Pero. The high-resolution lichostratigraphic profile
enhanced a magnetic polarity sequence correlated
with the whole Olduvai chron (Albianelli e al.,
2002), which in the GPTS scale extends 180 ky, and
further 40 ky prior to it considering that the recent
findings mos(ly came from the 15 m section below
the base of the Olduvai.

The available positions of recent specimens from
the catalogue are often within I m accuracy, which
yields dates with better than + 2 ky accuracy; when
they are for some specimens with + 5 m incertitude,
the dates become accurate to + 15 ky. and with + 10
m (almost the thickness range of the MS lithostrati-
graphic units) to ¢+ 30 ky. The upper sedimentary
unit, the Oreno sand, is thicker but doubttully covers
a time span larger than the other units; meanwhile,
the incertitude in positioning the fossils has been
taken to a cautionary level of + 50 ky (Napoleone &
Azzaroli, 2002) although this error bar may be
reduced applying the accumulation rates calculated
after the cyclostratigraphy of the palacomagnetic vec-
tor (Napoleone ¢t al., 2002).

Correlation with the Matassino section, and
faunal deposit dated ac the onset of the Olduvai,
allows to recognize these lower Faella specunens as
the first ones of the late Villafranchian fauna in the
UV, 200 ky prior to the Pleistocene.
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S - TAsSO

The Tasso fauna (205 GEF cards), acquired for its
second half in 1882, is the most varied, with 23
‘s-recws. amon% which the deer Psendodarna nestii pre-

ominates with over 30% specimens. Localities relat-
ed to the Tasso creek and Tasso little town are also
varied (I} Tasso, Le Strette al Tasso, S. Maria al Tasso)

and all sites belong to the MS higher sandy unit of

Oreno. The whole collection, however, provided the
bases to define the Tasso FU. But, contrary to the
Faella collection, magnetostratigraphical dating for it
is not available in a long nor in a continuous outcrop,
and its biochronological position was equated to that
of Casa Frata. In the present calibration, the Oreno
sand of the Faella area is partly placed in the late
Olduvai, and the old collection of the Faella fauna
contained in the Oreno sand is dated to the end of

the chron and very close to the P/P boundary. Also_

the Casa Frara Locality lies in the lowermost levels of
the Oreno sand, at the contact wih the Ascione clay,
thus yielding an age older than the Faella early collec-
tion. As the Tasso FU is made of specimens found in
the Oreno sand, possibly at a shortly higher position
in the sequence tran the Casa Frata fauna, : Iso their
date may be shortly younger, at most by few tens of
ky. It remains anyhow very close to the younger dates
of the Faella specimens, its extent in the Quaternary
being dmsncaﬁy lowered towards its earliest begin-
ning, for a delay of occurrence from the Matassino
fauna of nearly 200 ky.

The conclusive positioning of the Tasso FU in
Text-fig. 5 is near tﬂe top of the Oreno unit, for a
series of reasons which needed to be discussed else-
where (Napoleone et al., submitted). Here, the time
span enclosed in this association is emphasized to
range from the Hystix of Le Strette al Tasso (Azzaroli,
1998), in the lower Oreno and thus in the late
Olduvai before the P/P boundary. The biochronolog-
ical age of the several old specimens of Hi popotamus,
which were no longer found in any UV site, pose a
definite problem: they possibly reach the latest
Villafranchian at the Jaramillo chron (1.05 Ma), as
will be discussed in a forthcoming paper.

G - SEPARATES

Several findings of lesser relevance, but worth to
be mentioned, are in the condition of possibly being
positioned in the upper lithostratigraphic unit. The
Rhinoceros of Nesti and the Elephant of Azzaroli
were already reported, with positions reconstructed to
the base of the Oreno sand. Noteworthy is to look at
the small group of 13 vertebrate specimens in the
palacontological collection of more than 13.500
invertebrate specimens assembled by Marchioness
Marianna Paurucci in late 18 hundreds and donated
to the Museum. These few mammalian specimens
were mainly collected after she moved to the new res-

idence built on top of the Sammezzano hill (Cioppi
et al., 2001). The area is devoid of useful exposures
for palaeonm netics, but the occurrence of the Oreno
unit may be erly inferred only for the hilltop, while
the specimens of this small assemblage are o various
ages. The youngest ones could be not older than the
ones of the Faella old collection, but for the others the
misleading indication of early or even middle
Pleistocene is here rejected. In fact, the Anancus, the
Meganthereon cultridens Cuvier, 1824, and the M.
nestianus Fabrini, 1890, were collected in a small out-
crop of middle Pliocene sands on the left bank of the
Arno river, on front of the villa.

Two other important recoveries may be recalled,
the Hystrix etrusca Bosco collected at Le Strette al
Tasso and su osedly dated by Azzaroli (1998) to the
end of the Orf vai, and the elephant large tusk recov-
ered in 1975 by De Giuli and Azzaroli at 205 m level,
ca. 20 m above Azzaroli’s Elephant and ca. 2 km far-
ther to the West. As in the correlation made for this
latter with the Faella type section, also the present
tusk may be assigned an age close to the Faella speci-
mens from the old collection and shortly younger,
and its position in Text-fig. 4 accordingly marked.
However, its palaeontological characters %ed Azzaroli
(1977b) to considering t%us clephant transitional to
the ones of the Farneta FU, the association tollowing
the Tasso FU and not represented in the UV.

AGE INTERVALS BETWEEN FAUNAL UNITS

The new chronostmngm hic asset of the UV sed-
imentary units is now assembled, the first sedimenta-
ry cycle having been calibrated (Albianelli er al,
1997) and the ﬁ]ird one just completed (Albianelli ez
al., in preparation). It is here represented for 1.5 my
in Text-fig. 5, while all data on their Villatranchian
faunas may be recalled in the index cards ot the GEF
catalogue. The magnetostratigraphic dates are given
by values in number of years, and the time span sep-
arating them is evidenced. Each fossil deposit is thus
the temporal barycenter in the biodiversification
steps, beginning with the fauna associated to the
Triversa FU centered on the date of nearly 3.1 Ma,
the contact of the lignite with the overlying Meleto
clays in the Castelnuovo dei Sabbioni Series. The lat-
ter unit ends 60 ky prior to the Gauss-Matuyama
boundary of 2.58 Ma) which was found in the Lower
Valdarno to lie underneath the fossil site of the
Montopoli FU, a fundamental step marking the tran-
sition from the early to the mid Villaf'mnc%'\i‘m The
following Olivola FU is not calibrated with magne-
tostratigraphy, but its date inferred as pre-Olduvaian,
with an upper limit not younger than 2.0 Ma, i.e.
200 ky before the P/P boundary, and a lower limit ca.
300 ky before it, according to the discussions report-
ed in Cioppi & Napoleone (2001) and Napoleone et
al. (2001b). Finally the Tasso FU, also not directly
calibrated, is post-Olduvaian only for part of its
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Tcx(-ﬁg. S Magnc(ochronologic composite sequence of the Pliocene sediments in the UV (moditied, after Cioppi & Napoleone, 2001).
Reterence is made to the GPTS used by Berggren er al. (1995). lts longer slice is in the lacustrine clays of the Santa Barbara
continuous section (moditied, after Albianelli et al.. 1997), containing the fossils of the carly Villafranchian local fauna of
Castelnuovo dei Sabbioni (1). No finds are reported until the end of these lake deposits at 2.64 Ma. Next fauna is in the Lower
Valdarno earlier continental episode (2) dated at 2.8-2.9 Ma, and the upper one with the Montopoli FU (3) at 2.58 Ma.
The second lacustrine sequence of Montevarchi contains the new fauna representing the oldest fossils (4) at the base the
Faella reference section ot Text-tig. 4 (moditied. after Albianclli er al., 2002); the Matassino tauna (5) is placed art the ini-
tial Olduvai and the overlying Poggio Rosso site (6) is 30 m higher. while the fauna of the Faella collection extends through-
out the ca. 70 m of the section. Fﬁc Casa Frata local tauna is positioned at the base of the Oreno sand (site n. 7), and not
tar from it is the argued locacion of the Tasso FU (as discussed in the text). The composite magnetostratigraphic sections
of the Lower Valdarno and that of the Tiber valley are shown for their recording of the Gauss-Matuyama boundary.

assemblage, alcthough its biochronological age of late ments, until the earliest lacustrine facies began, is less

Villafranchian is believed quite younger than Tasso. than 200 ky; the latter commenced with nearly 15 m

Thus, a list of dates is now available for the main of basal clays which lasted less than 100 ky in the

events. The duration of deposition of the oldest sedi- magnetostratigraphic profile (Text-fig. 5), and were
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soon followed by the fossil bearing levels overlying
the lignites. From this date, 3.08 + 0.03 Ma, the
lacustrine deposits lasted with a continuous sedimen-
tation of the Meleto clay until the latest Gauss. 60 ky
before the Gauss/Matuyama boundary dated 2.58
Ma. No tossils were there found, and the next date
was provided by the Lower Valdarno site of the
Montopoli FU  retrieved just above the polaricy
change, and thus dated 2.58 Ma. In the remaining
M.mlv.lm.l chron no faunas were found in either one
of the Valdarno basins, until the next UV fauna was
classified by its athinity with Olivola, another FU out
of the UV, in northern Tuscany. The date inferred for
Olivola has been discussed in the previous chaprers,
and placed some 500 ky after the Montopoli FU,
while the next FU is dated shorly after the Olduvai
magnetochron. The time span from Olivola is nearly
300 ky. and is the only one measured so far in the
Villafranchian faunas of ltaly shorter than 500 ky.

It may be remarked that all the previous FU have
the l)lochron()l()glc.ll intervals between them dated
directly in the UV or by correlation with the magne-
tozone sequence of the UV. When, on the other
hand, the biochronological intervals are characterized
by gradual transitions between Faunal Unis, they no
Ionger have a temporal barycentrum and the evolu-
tionary steps may be dated onlv with a more detailed
magnetic str.mg,r.lphv This is the case with the vari-
ous UV local faunas with Olivola affinity, which are
all contained in the MS untdil the Tasso FU, an inter-

val between the two uncalibrated faunal units span-
ning from a lower limit earlier than 200 ky before the
PP boundary to soon after the Olduvai end. The
ages of the MS local faunas in this way range from a
rather limited time younger than the Olivola FU to
shortly betore the Tasso FU, i.e. they span the range
of dates already measured at 1.99 w0 1.77 Ma in the
Faella section. The short remaining gap with the con-
fining FU of Olivola and Tasso tightens therefore any
Qossﬂ)le diversification of these taunas, which is in
fact poorly marked, within the dates of the Faclla
magnetochronologic standard and with its accuracy.
On such bases, the main faunal associations confined
in the latest interval of the UV series become the best
stratigraphically defined, within the Villafranchian
continental basins of l(.ll), and both collection types
in the MNHFU actain a high accuracy. A tew ky
accuracy is in fact reached bv the ones for which a
reliable Tocation can be reconstructed from catalogue
information, or of a few tens of ky for the others with
more uncertain positions. However, also the latter are
dated with an accuracy of at least one order magni-
tude higher than the previous ages, which were indi-
rectly correlated Wilf biostratigraphy, as the MS
fauna assigned to the early Pleistocene. This leads to
a high- resolution time series for all Villafranchian
faunas, which is fully ape to provide the sequence of
dares for the c.u.lloguecs specimens, and enrich cheir
GEF cards by this numerical datum.

A block diagram may illustrate the results dis-
cussed so far, dlrccrlv correl.mng the magnetostrati-
graphic disposition of the fossil sites with the GPTS
as a calibration to the numerical time scale (Text-fig.

6). The available material tor dating the history of the
UV sedimentary sequence, unil recently consisted of
the time series made by the discontinuous faunal
events, organized in the Villafranchian hl()chr()n()log-
ical sequence, and now also by the continuous tow of
the magnetic stratigraphy. The latter is based on the
magnetic events, the polarity changes, which describe
the history of the earth’s geomagnetic field, and on
the continuous changes ot the magnetic fossil vector
recorded during the deposition of the UV sequence.
Altogether, lnochron()logv and magnetochronology
contribute to date the fossil record with the hlghest
resolution, since the magnetostratigraphy provided
the calibration of the former. This numerical darting
of the fossil specimens may now enrich also for the
old collections in the Museum catalogue, which usu-
ally lack the reference on their ages as the accurate
p(mnon was not repor(t‘d for more than 70% of the
finds. The UV series becomes, therefore, tightly cor-
relatable in several exposures by their magnetostrati-
graphic dates, and the c.u.ll()guc indication of the area
where the collections were recovered can receive a
much more defined time constraint to the age of the
tossil sites, and organised in stratigraphic succession.

SUMMARY AND CONCLUSIONS

The integration of the firmly established data of
the m.lgnet()mdngmphlc new criteria with the previ-
ous classifications of depositional events may be
stressed as a major result of che present chr()nologlc.ll
outline. The faunas are mostly dated across the
Olduvai chron (1.95-1.77 Ma) and with a few thou-
sand years accuracy.

The poorest datings, for instance those of speci-
mens labelled with a provenance from an area ot the
UV (eg., Le Ville, Tasso, Faella, Sammezzano, etc.),
and barely assigned in the catalogue only an age as
Pleistocene, or at most early Pleistocene, may now be
converted into a numerical date in the pcrl()d of the
Olduvai chron, with a low degree of accuracy but
reaching in the worst cases less than + 50 kv lc
improves by more than one order magnitude the’ ages
reported in the catalogue, while most specimens of
the old collections may reach accuracies of + 30 ky to

+ 10 ky, compared with the millennial scale which is
reachcd for recent findings.

The list of dates for the earliest fauna. the

Castelnuovo dei Sabbioni, begins with the base of the
Villatranchian age. at 3.08 £ 00.3 Ma. Most collec-
tions were found in the sediments of the second cvcle
and their faunal .mcml)l.lges are now dlsp()sed in
stratigraphic order. Matassino is placed at the onset of
the Olduvai chron of 1.950 + 0.005 Ma, and Poggio
Rosso at 1.870 = 0.005 Ma. Casa Frata is not
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Texe-tig. 6 - Block diagram representing the

DATING THE UPPER VALDARNO
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SEDIMENTARY SEQUENCE \ulucncc of the Upper

Valdarno sedimentary history.

I
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L ) by collections with exact strati-
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explored yet by magnetic stratigraphy but its recon-
structed ll(lu)stmngmphlc position yields a date very
close to the latter, from its correlation with the Faella
type section, while for the same reason also the dare
of the Tasso fauna is inferred as not much younger
than 1.75 Ma. For caution, the highest uncertainty
value may be considered £ 50 ky around this date.
The Faella small assemblage is an exception, as the
dlsmbunon range of its specimens covers more than
220 ky and contains almost all the stracigraphic
excursion marked by the previous localities.

From the above range of dates produced for most
fossil finds of the Museum patrimony, it may be
emphasized how the old collections have shared the
great improvements provided by their magnetostrati-
graphic dating, also the classical faunas being now
dated with an accuracy comparable with that of the
recent finds. More than 70% of the collections were
acquired over one century ago, and for the same
amount they are catalogued without an exact location
in the computerized GEF system of the Museum.
Rare e\mmpf::s of old recoveries also led to the recon-
struction of the position of the fossil finds with the
highest accuracy. One occurred for Nesti's Rhino-
ceros of 1811, whose location near the hill top of
Monte al Pero was described and has been recon-
structed with a + 3 m accuracy. The site is dated 1.83
+ 0.01 Ma by the magnetostratigraphic series there
measured, and correlated with the calibrated one of
the facing Faclla type section. Another one was repre-
sented by the well defined findings of Cocchi in 1862
(which later went unfortunately lost) at the base of
the same Monte al Pero and on the Faella creek, at a
stratigraphical level very close to that of the recent
recoveries at the base of the Faella section, reaching
the Faella creek, with a date of 1.990 £ 0.002 Ma.

As a conclusive remark, the relevance of the scien-
tific patrimony of the Museum classical collections

can be emphasized. They are improved with the fun-
damental value of the numerical dating, and the role
of the Museum as the depositary of a firmly estab-
lished tradition is contirmed, together with that of an
active proponent of further research through a con-
tinuous use of its collections for sensibilization of vis-
itors and knowledge of scholars. Other classical col-
lections of famous museums may be dated in a simi-
lar way when a magnetostratigraphic series may be
prowded for the areas of provenance of their fossils.

The classical areas of vertebrate fossil-bearing forma-
tions of Tatrot and Pinjor of India were dated to the
late Pliocene and early Pleistocene, and their large
collections stored in the museums of India and of
London are now better placed in such a time span.
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