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ABSTRACT - The Upper Valdarno fossi! 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 jzll, from the late Gauss chron throughout the Olduvai, in 
the interval from 3.3 Ma to about 1. 75 Ma, and the fossi! faunas there collected can be placed in a chronological asset with time reso!utions up 
to jèw ky. A relevant part of collections labelled in the Museum inventory with ages of Pleistocene or early Pleistocene is now dated in the fast 200 
ky of the Pliocene, and shortly after the PIP boundary, which has been fìxed in the stratotype at 1.8 Ma. The new accuracies range from ± 50 ky 
jor the ones o{ !esser grade to ± 30 ky far most of the old collections when their position is reconstructed from the catalogue information to lie in 
one of the !ithostratigraphic 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 Azzaroli's Elephant of 1953 at 1.850 ± 0.015 Ma, whife 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 età tardo-villafranchiana calibrate dalla ricostruzione magneto­
stratigrafìca della serie sedimentaria del bacino nel Pliocene.] - Le successioni continentali sono state datate attraverso il contenuto fossilifero 
discontinuo delle faune a vertebrati: tale criterio è oggi completato da quello magnetostrati1;.rafico (Lindsay, 2001), come appunto è stato realiz­
zato nel Valdarno Superiore. Qui la datazione biocronologica ha potuto essere affinata, Jzno alla correlazione con quelfa biostratigrafica, per 
mezzo della calibrazione paleomagnetica della gran parte delle sezioni da cui provengono i fossili delle raccolte del Museo. Lo scopo attuale è di 
illustrare i risultati magnetostratigrafici ottenuti nella serie continentale del bacino che permettono di datare i rinvenimenti più recenti (Mazzini 
M. et al., 2000) e le collezioni classiche (Cioppi & Napoleone, 2001). L'assetto magnetocronologico della serie (Albianelli et al., 1995; 1997; 
2002; Napoleone et al., 2001 b) consente l'uso di una età cronostratigrafica di dettaglio a corredo dei singoli reperti censiti nella catalogazione 
automatizzata delle collezioni (Cioppi et al., 1996).

La ricostruzione magnetostratigrafìca 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 unità litostratigrafiche agli ultimi 300. 000 anni del Pliocene e poche 
decine di migliaia de{ Pleistocene. D'altrararte, l'escursione stratigrafica delle faune rinvenute ricopre tutta l'estensione della sezione di Faella, 
per un totale di 220. 000 anni: quindi, ne peggiore dei casi, tutti i reperti sono compresi entro limiti di ca. 1_00. 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 
risalire alle loro posizioni con varie approssimazioni. Gli eventi principali nella serie hanno inizio da prima del crono Olduvai (J.95 Ma), e 
oltrepassano il limite del Pleistocene, fissato nello stratotipo della Vrica a 1.796 Ma (Van Couvering, 1997). I primi valori temporali ottenuti 
daf[a calibrazione dei loro siti riguardano i giacimenti più recenti: Matassino a 1.950 ± 0.005 Ma e Poggio Rosso a 1.870 ± 0.005 Ma 
(Napoleone et al., 2001 b). Con analoga accuratezza sono datate le collezioni di cui non è riportata in catalogo la quota precisa, ma da riscon­
tri di campagna e altri indizi è stata ricostruita una posizione con pochi metri di incertezza: è 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 l'Elefante di Azzaroli del 1953 a 1.850 ± 0.015 Ma (Azzaroli 
& Napoleone, in manoscritto). 

L ubicazione delle altre faune prive di indicazioni del sito è comunque riferibile alle tre unità !itostratigrafiche individuate nella serie di 
Montevarchi, aventi spessori medi di ca. 30 m e una durata di ca. 100. 000 anni. Quindi la loro posizione è in massima parte ricostruibile entro 
± 15 m, il che conduce ad una incertezza di età inferiore a ± 50 ka. La raccolta di Faella è invece particolare, poichè si estende per quasi tutto 
lo spessore della serie, raggiungendo 220 ka a partire da prima dell'inizio dell'Olduvai (Napoleone & Azzaroli, 2002); nei livelli più bassi della 
serie, esposti nella sezione di cava Pratigliolmi, sono stati rinvenuti gli ultimi reperti, dell'aprile 1999 e gennaio 2000 e datati 1.980 ± O. 002 
Ma e 1.990 ± O. 002 Ma. Queste date sono le più antiche per le faune del secondo ciclo e quelle con l'accuratezza più alta, essendo l'ubicazione 
dei siti precisa entro 1 metro. 

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

INTRODUCTION 

Recent discoveries of rich vertebrate deposits, in 
the Montevarchi Succession (MS) of the Upper 
Valdarno (UV) sediments (Mazzini M. et al., 2000), 
led to reconsidering che problem of dating the 

palaeontological collections in che Natural Hiscory 
Museum of Florence University (NHMFU) wich che 
high resolution of magnetic stratigraphy (Cioppi & 
Napoleone, 2001). This was particularly viable in the 
MS, as ics profìle was almosc fully covered by the 
magnecoscratigraphic type seccion established at che 
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Faella clay pit (Albianelli et al., 2002). Moreover. 
mosc of the VY fossils are sired in the MS, thus 
favouring the present aim of numerically daring che 
classical findings of rhe past rwo cencuries scored in 
the NHMFU collections by the chronostratigraphy 
revised by Berggren et al. (1995) and based on the 
Geomagnetic Polarity Time Scale (GPTS). The pre­
�enr work intends to illustrate the new magne­
tochronologic setting of the UV sedimentary 
sequence containing the late Yillafranchian fauna! 
assemblages, dated by the changes of che fossil mag­
netic vector through irs short interval of cominuous 
deposition in the MS lacustrine and palustrine series. 

The firsr profile was reconstructed in rhe basal 
silty sequence (Torre et al., 1993), by assembling a 
few shore sections as usual for narural exposures in 
such soft and flat deposits, bur soon aided by the ones 
produced by quarrying operations for the clay 
exploicemenr at the Matassino pit. The best profile 
was produced for nearly 80 m (Texr-fig. 1 ), by quar­
rying rhe Prarigliolmi clay pit in rhe Faella territory 
{Text-fig. 2) , chat cues almost che whole MS excerc a
few meters on its extremes, and this series wil be 
often reported here a� the Faella magnetostratigraph­
ic type section. 

This high resolution dating was also applied ro the 
early Villafranchian sequence (Albianelli et al., 1997), 
and is now being carried out on rhe posr­
Villafranchian short sequence (Albianelli et al, in 
preparation), with the aim of producing che magne­
cochronologic reference for ocher incramoncane 
sequences of che Apennine basins (Sagri et al., 1994). 
They could assume a new arrangement by correlation 
with the UV magnetoscracigraphy, the first calibrated 
succession and the one with rhe earliest terms (Torre er
al., 1996). A straight confirmation of these dares was 
produced by rhe conrinemaJ sequences outside che 
UV. The Lower Valdarno one, West from Florence. 
has yielded two short profiles confining rhe long 
sequence of shallow marine deposits reconstructed by 
Benvenuti et al. (1995), and dared nearly 300 ky in 
che larest Gauss (Albianelli et al., unpublished dara), 
up to the Moncopoli fauna dared 2.58 Ma (Lindsay et
nl., 1980) ar the Gauss/Marnyama boundary. 

A larger interval was recorded in the lacuscrine 
sequence of Valriberina (in che upper Tiber Valley), 
ea. 100 km South from che UV. Its continuous basal 
sequence lasted more than 600 ky, when it was inter­
rupted by rhe severe tectonics of the Apennine uplift 
char produced a master fault of che basin and the rilc­
ing of the clay beds by nearly 30° . The deposition of 
the sequence rook place during 200 ky in the laresc 
Gauss and more rhan 400 ky until the pose-Reunion 
Matuyama chron, beginning at 2. 14 Ma (Abbazzi et
nl., 1997; Ponrini et al., 2002) . 

A correlation of recem findings from Nonh of 
Rome was done with che UV fauna of lace 
Villafrancbian, based on the biochronologic poim of 
view (Mazzini I. et al., 2000); acwally, the present 

Polarity The Fae I la Section

Text-Ii g. 

The Galleria Tasso Section 
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I - View of rhe secuom used to consrruct th,· magnc-
1omarigraphic profile of the M�. A) ·1 he h1clla pit 
�1:crion <luring th<.: d,1y quarrying: the low<.:r parr i\ '15 
m thick, the upper 28 111. rhe R'Stilt� ol che paleo­
magncric survey� .ire also reported by their side.\ with 
chc Olduvai magnc101.onei.. B) J'he Callcria 1:1,so 
scnion open co comrrucr 1he lining of chc railwav 
rnnnd. nc:Jr the ·i:1�,o cret'k for .1 32 m thickm:�,. 

calibration can correct rhe high uncertainty of such a 
dating by adding a high resolucion to it (Napoleone 
et al., submitted). 

l'RFVTOUS WORK FOR DATINC TI II· LIPPI-R 
VAL [)ARNO FAL'NAS 

A geochronological ourline of" rhe VY sequence 
containing rhe venebrate fauna.-. will be resumed, and 
its dares reviewed in order co illustrate the results of 
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the magnerochronology applied co rhe MLL�eum col­
lcccions, from the oldest ones or rwo cenruriei> ago ro 
those of April 1999 and January 2000 (Napoleone & 
Anaroli, 2002). The UV fossil colleccions formed a 
relevanr nucleus wichin rhe on<lings which gave ori­
gin co rhe insrirution of the Museum. at the end of 
the 17 hundreds (Cioppi. 1999). From the first UV 
caralogue of 356 �pecimens compiled by Filippo 
Nesri in 184 5, the fossils now consisr of nearly 4,000 
specimens, in a collection harbouring over 20 thou­
sand specimens, which have not yet been fully insert­
ed in the automated GEF catalogue (Cioppi et r1J., 
1996). �uch a developmenc rook place thanks co chc 
comribution of gifts by amateur-collecrors ro che 
Museum since die "Grand Duke age" of lare 17 hun­
dreds, and to recem recoveries by the Museum. While 
the acquisitions of che las1 I 00 years <lo not 1:xct:ed 
30% of the Museum pacrimony, the bulk of the old 
collecrions formed the base for the ordination or the 
UV faunas in rhe biochronological sysrem (Azzaroli et 
,ii., 1992). Then. che biostrarigraphical correlation 
was attempted in order ro inregrare a regional classi­
fication of the European faunas in Lhe chronostraci­
graphic sysrem, and finally magnetic stratigraphy has 
provided the geochronology of rhe sedimen1ary 
sequences and of their fossil comenc hy assigning 
Lhem a numerical age. 

These steps in daring the UV hi�rory empha1.ize 
the role played by che MNHFU collections of verte­
brates in focusing the srudie\ on the basin evolution. 

A) B1oc1 IRONOLOCKJ\L �UC( LS',IL)N or f Al NAS

Chronological classification of faunas in che intra­
momane Plio-Pleiscocene basins and littoral depo!>its 
of the Apennines and lowlands received a fundamen­
tal contribution from the UV colleCLions and other 
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Tex1-fig . .! - Topographic setting of 
rhc area nt-;ir the l;adla 
vill.1gc, whcrc the ref: 
crence section for the 
ma!,rnerll \trnngraphy 
of 1he Moncev:m.hi 
�ucccs,ion is llxe<l a1 
rhc Cava Praiigliolmi 
da1• pii. Some of the

ol<lcs1 J.nd newest fos­
sil �ires ,m: located in 
it� ,1rc.1: Cocchi's col­
lccnon of 1862 was 
rc1 rieve<l ,H the fom of 
rhe Mome al Pern hill 
dose w rhc t�aella 
aeck. while on its rop 
Nt.osu's Rhmocero� was 
loc�rc<l, while the 
Poggio Ro�o Localit) 
of 1995 is the lar�est 
lo-..sil ,\S'>emhl.i.gc �vcr 
colloctc<l in ihc Muse­
um record. 

siLes in Tuscany, although many findings lack the ref­
en:nce or a firm topographical or stratigraphical posi­
tion. Biochronological affinicies of faunas collecred in 
various sires of tht: Northern Apennines were used for 
daring rheir associations, whose basic characteristics 
were ftrsc described by Parero ( 1865, in Azzaroli, 
200 I). A complete asset of these characcerc; provided 
the Villafranchian cage (Azzaroli, I 977a), which was 
used for the lcali.111 faunas uncil a new chronological 
framework for Mammal Neogcne (MN) Age 
Classificadon of the European faunas was introduced 
(Mein, 1990). 

For 1he Villafranchian pare, six groups were escab­
lished in Faunal Units (FU). The Triversa FU is rhe 
earliest of the MN 16. laLer divided into MN16a and 
MN I 6b by Azzaroli, and n:presenn, the base or che 
Villafranchian. In che UV, rhe Casrelnuovo dei 
Sabbioni local fauna is referred co rhis unit. lr 
includes fossils from lhe old lignite mines and clay 
quarries (among which are those of Gaville, Tegolaio, 
Monretermini, and rhe large one at Sanca Barbara), 
on the left bank or the Arno river. The nexr middle 
Villafranchian is formed by Montopoli FU from the 
Lower Valdarno (the unit MN 16b), Sainr Vallier FU 
from France and Cosca San Giacomo FU in cencral 
Italy, which arc not represented in the UV. Then, rhe 
Olivola FU from northern Tuscany (ea. I 00 km

Norch from che UV) marked the onset of rhe lace 
Villafranchian and is flrs1 represented in the UV by 
the J\fatassino fauna, in rhe clay pi1 near Figline 
(Texr-fig. 2). le may be poinLed out chat the age of 
this fauna was initially equated to that of rhe Olivola 
FU and then assumed shortly younger (Azzaroli, 
1983). Mosr significant, in face, was seen in rhe UV
the association or Eq1111s Sfell(JIJIS and £ stehlini all 
through the MS, while rhe larrer 1.pecie\ i<; l.1cking at 
Olivola (Azzaroli, 1950), and orher species or Olivola 
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were presenc ar Sc. ValJier and not in the UV. The 
Villafranchian age ends in rhe UV with the Tasso FU, 
collected in the area of the Tasso village, and contin­
ues in the Italian peninsula with che Farneca FU and 
Pirro FU, as lately reviewed by Az.zaroli (2001). 

B) 8tOSTRATIGRAPHICAL RESOLUTION

The need co insert the FU from continental
sequences inco chronoscracigraphy had always 
prompted srudies co search common elements co link 
biochronological and bioscratigraphical classifica­
tions. The influence exerted by Gignoux since the 
early 19 hundreds was fundamental in finding the 
best Italian Plio-Pleiscocene sites for fixing the 
Neogene scracorypes. In contrast, more recent analy­
ses were panial and scanty (Azzaroli & Berzi, 1970; 
Ambcoserci et al .. 1972; Azzaroli, 1977a; 1983; Torre, 
1987). In former years, the onsec of the lace 
Villafranchian was assumed coincidenc with char of 
the Pleiscocene, and this induced co correlate 
biochronologic events with the biostracigraphicaJ 
ones by equating their ages. The Olivola FU was cor­
related with the Globigerina cariacoensis biozone (De 
GiuJi et al., 1983; 1986). 

This brought co place also the firsr UV faunal 
assemblage of late Villafranchian, rhe Macassino 
Locality, co a younger age in che early Pleisrocene, 
thus moving the Tasso FU to an even younger age. 
The Triversa FU indeed was correlated wich the 
Globigerina puncticulata biozone of the middle 
Pliocene, after the Moncopoli FU was dared at che 
beginning of the Maruyama chron (Lindsay et al.,
1980), which also marks che boundary of lace 
Pliocene with che middle Pliocene. During 20 years 
of attempcs (Azzaroli, I 977a; Gliozzi et al., 1997), 
such a chronoscrarigraphic setting of the UV could 
not be stringent, as the response of che continental 
habitat (and its Olivola-like fauna) co che transition 
from the Pliocene to che Quaternary represented a 
rather tenuous turnover for rhe mammalian faunas 
(Az.zaroli, 1983; 2001; Torre et al., 200 I). However, 
the Villafranchian events recorded through che UV 
basin fill may be now correlated with the biosrrati­
graphic zonation by means of rhe chronological asset 
provided by the GPTS magnecochronology 
(Berggren et al., 1995). Also the global distribution of 
rhe mammalian faunas has been updated and their 
classifications in different sequences correlated with 
the GPTS magnecochronology have recently been 
reviewed by Lindsay (2001). 

C) MAGNETOSTRATIGRAPHICAL CALIBRATlON

The possibility of closely correlating sedimentary
sequences of different facies, and even ar great dis­
tances, developed when che magnerostrarigraphic cri­
terion was introduced. In che laccer, the correlation of 
sequences is made through a gujde fossil, rhe mag-

neric vector, which is worldwide acting for each time 
interval during a geomagnetic epoch and successively 
changes, r.hus making rhe polarity sequence. This 
sequence represencs the continuous Aow of che 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 
thousand years. Therefore, che UV faunas calibrated 
ro such a time scale were recencly correlated with 
those from India (Az.zaroli 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; AJbianelli 
et al., 1995; 1997; 2002) correlates che early 
Villafranchian fauna of the Triversa FU with the 
Tacror stage in rhe Himalayan sequences, while rhe 
late Villafranchian containing the faunas of 
Macassino, Faella, Poggio Rosso, Casa Frara, and 
Tasso is correlated wirh the Pinjor. The Plio­
Pleistocene boundary in India is localized within the 
larcer. 

MAGNETIC PROPERTIES OF THE UPPER 

LACUSTRINE ROCKS 

Magnetic stratigraphy, based on the succession of 
the magnetic polarity events, leads to rhe correlacion 
of these chronoscracigraphic ages co the GPTS dares. 
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 magnecic stratigraphy of the MS cycle 
has been defined after analysing the various rock 
types of the lacuscrine and paluscrine facies, including 
che sandy layers embedded in chem by channelled 
deposits in the meandering of the Arno river. Their 
magnetic properties were exaniined by the experi­
men rs carried out in che PaJaeomagnecic Laboratory 
of che Swiss Federal Institute of Technology in 
Zurich, and were reported on during rhe 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 che 
UV series were discussed, as evidencing a good 
recording of che original magnetic vector. In the pre­
sent case another example of che 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 co illustrate 
different rock types of rhe UV series is reported else­
where (Napoleone et al., submitted). 

Two typical facies of the MS are represented at the 
Poggio Rosso Localiry, rhe clayey Ascione (samples 
PR 7.2 and PR I 0) and the sandy Oreno (samples 
PR12 and PR 17.6). In particular, che fossil deposit 
was embedded in a coarse sand with minute gravel, 
similar co the one described by Nesti for his 
Rhinoceros of Monte al Pero recovered in the "san.si­
no" coarse sand (Napoleone et al., 200 la), which is 
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Texr-fig. 3 Rock-magnetic properties, summarised by che pattern of veccor diagrams showing che demagnetization behaviour of the 
rock types in the profile or the Poggio Rosso Locality. The lowest sample (PR 7.2) is from the silty bed just overlying rhc 
srrarum level of the fossil site, and followed by char from the sand (PR I 0) of the channel deposit in the embedding silt 
similar co the "snmino" sand of rhe fossil level. The next one (PR 12) is from chc clay silr. All chree ace demagnetized by 
thermal rreatmem up co 580 •c and 620 °C (in the diagrams to che righr-hand side), co which che magnetic remanence is 
almost completely destroyed. The directions (in chc Zijderveld diagrJms co the left) show the srraighrforward parcern of che 
primary masneri1.ation co che origin, as not having been affected by imporram overprints. The uppermost sample (PR 17.6) 
is demagneuzcd under alternating fields (af) up to 160 mT (milli-Tesla). Docs are in the horizontal plane, circles in Lhe ver­
tical plane. The 22 m secrion recorded only a normal magnetization and is correlated with the upper Olduvai of the facing 
Faella standard secrion. 

also known as the most common deposit in the MSsediments conraining fossil bones. The rock type clos­est co it is sample PR I 0, while the three other sum­marize most of the range in which the rock magneticproperties are quite similar, indicating magnetite asthe dominanc carrier of the magnetization. This wasconfirmed by the Lowrie's procedures of three-com­ponenc saturation and demagnerization, which yieldsthe same low coercivicy of the basic minerals and ablocking temperature at mainly chat of magnetite.The characteristic directions of each MS sampleyielded the overall polarity sequence, which re-

arranges the UY fill in a stratigraphic series accordingco the magnecochronological scheme of Text-fig. 4.The new conditions of the numerical datings there displayed, regulate the chronosrracigraphical asset ofthe faunas in the N H M FU collections, in the follow­ing scheme. 
MAGNETOCHRONOLOGY OF THE MONTEVARCHI 

SERlES AND ITS FAUNA 

f n the second lacuscrine deposition, the MS unitsmainly formed by silt and sand, rich faunas are repre-
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senred in several sites and reference co chem is made 
through caraloguc informarion. The mosr significanr 
collections are chose of Marassino. Casa Frara and 
Poggio Rosso. recovered in 1964-68, 1978 and 1995. 
respectively. while the oldest ones are Faelb and 
Tasso, whose earliest fossils were retrieved since the 
second half of 17 hundreds and beginning of 18 hun­
dreds, respeccively. 

I - MArASSINO 

This fuuna (267 file cards in the GEF catalogue) 
consists of 13 species, the most common of which is 
Leptobos etrusms. wirh 31 % of specimens. lrs 

biochronological dating was first based on the affini­
ty with the Olivola fauna, which in turn marked the 
onset of rhe Lare Villafranchian, and therefore classi­
fied as the earliest fauna in rhe UV lace 
Villafranchian. As aforesaid, the laner was considered 
the beginning of rhe Pleiscocene before irs boundary 
had been fixed in rhe Vrica srracocype and calibrated 
co I .796 Ma (Van Couvering, 1997). The initial 
affinirv of the M:uassino fauna wirh Olivola was 
chereatter disregarded, and rhe former one considered 
slightly posrerior ro che larrer (Azzaroli, 1983). Then, 
irs biochronological position was further rejuvenated 
by Gliozzi et al., (I 997), being placed midway 
between rhe ages of Olivola and Tasso faunas, and 
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evenrually fixed proximal co che Tasso FU (Masini et
af., 1998). The la rest figure. by Torre et al. (2001). 
groups all faunas closer ro che Plio/Pleiscocene 
boundary. In conrrasr, the Macassino fossil deposit is 
contained in che upper part of che Terranuova silt - the 
MS lower unit - and is now calibrated co rhe onset of 
rhe Olduvai chron at 1.95 ± 0.005 Ma (Text-fig. 5), 
while ir had been previously misplaced in proximity 
of the end of che polarir

y 
zone (Torre et al., 1993). 

This date accually is 150 ky before che P/P boundary, 
which implies a deer change of che UV geochronol­
ogy, moving back al (ancienc and new) collections co 
older dares (Cioppi & Napoleone, 2001; Napoleone 
et al., 200Jb). 

2 - CASA FRATA 

The faunal association of Casa Fraca ( I I 5 G EF 
cards) was largely broughc to lighc in 1978 and 
referred ro rhe lace Villafranchian (Borselli et al.,
1980), successive co che Olivola FU (De Giuli & 
Masini, 1986). The sire is lichosrrarigraphically high­
er than chat of che Macassino fauna, being in che 
upper MS, ac che boundary berween irs middle and 
upper units. Moreover it was also believed younger 
than mosr UV finds. although has nor been further 
studied and its direct calibration is nor vet available. 
Its position is placed in Text-fig. 4 ju;r above che 
Ascione clay, and calibrated in rhe Faella magne­
tostracigraphic section. However, the correlation of irs 
sire with the magnetic type section of Faella, and with 
rhe youngest represencarives of che Faella collection, 
ro be discussed below, are already che scrongesc means 
co pull down ics position to a much lower level than 
char based on che biochronological age, which is 
assigned close to char of the Tasso FU (see lacer). The 
represented species are I 7, predominant among 
which is Equus stehlini, with 27% of specimens. 

3 - POGGIO Rosso 

Collected in 1995 and now being catalogued 
(with 560 file cards by the end of 2000), this fauna 
can1e from the new section opened in the clay pit 
above char of Marassino and at a level bed 30 m high­
er rhan che Matassino fossil sire (Mazzini M. et al.,
2000). le comprises more than one thousand speci­
mens, whose essential elements indicate a lace 
Villafranchian age, even if detailed biochronological 
data are not yet available bur only preliminary 
excerpts were announced (Torre et al., 1999). The 
palaeomagnecic analysis carried out in its 22 m long 
exposure showed a single normal polarity, which was 
referred co che Olduvai chron. However, recenr mag­
necochronologic daring of che MS, also wich che con­
tinuous cycloscracigraphic analysis of the magnetic 
record in che Faella section, enhanced a steady depo­
sition rate based on che astronomical precession and 
obliquity cycles, for a rime span of 220 ky (Napole-

one & Albianelli, 1998). The Poggio Rosso fauna, 
already dared within 15 ky accuracy, in che Olduvai 
chron (Napoleone et al., 2001 b), has now been more 
accurately placed at 1.87 ± 0.005 Ma (Napoleone et
al., in manuscript). 

4 - FAELLA 

The Fadla fauna (29 GEF cards) is quite differenc 
from the previous localirie1., as rhe old collection of 
13 specimens, assembled during one century until 
che second half of the 18 hundreds, was made wich 
specimens nor precisely located, bur whose prove­
nance was reported from rhe area around che Faella 
village. All the new ones were recovered in the section 
of the Prarigliolmi clay pir and mostly in well located 
places (Texr-f'ig. 4). The collection consists of I O 
species, of which leptobos etrnsms represents 4 5% of 
the coral. The 13 specimens or rhe old collecrion, rep­
resenting 7 species, were considered by Azzaroli co 
have been retrieved on che surface, from the shallow 
MS levels in che Paella area, i.e. in the Oreno sand, 
and therefore dared as the youn

9
esc ones. The 16 new 

specimens were acquired in rile lase 35 years, all 
recovered from excavations in che Paella secrion and 
mainly from che intermediate and basal pare of che pie 
(Napoleone & Azzaroli, 2002). Moreover, rhe latest 
findings added co rhe collection in April 1999 and 
January 2000 were retrieved ac the level of che Faella 
creek, i.e. at che same level of rhe Casanuova site of 
Cocchi's recovery in 1862, ac che base of Monce al 
Pero. The high-resolurion lithostracigraphic profile 
enhanced a magnetic polarity sequence correlaced 
wirh rhe whole Olduvai chron (Albianclli et al.,
2002), which in che GPTS scale extends 180 ky, and 
f urcher 40 ky prior to ic considering char rhe recent 
findings mostly came from the 15 m section below 
che base of the Olduvai. 

The available posicions of recenr specimens from 
che catalogue are often within I m accuracy, which 
yields dates wich better than ± 2 ky accuracy; when 
they are for some specimens wirh ± 5 m incerrirude, 
the dates become accurate co ± 15 ky. and wirh ± I O 
111 (almost che rhickness ran� of rhe MS lirhosrraci­
graphic units) co ± .?0 ky. I he upper sedimcnrary 
unit, rhe Oreno sand, is thicker buc doubrfully covers 
a rime span larger rhan the other units; meanwhile, 
the incertitude in positioning che fossils has been 
raken to a cautionary level of± 50 ky (Napoleone & 
Azzaroli, 2002) although this error bar may be 
reduced applying the accumulation races calculaced 
after che cyclosrrarigraphy of che palaeomagneric vec­
tor (Napoleone et al., 2002). 

Correlarion with the Macassino section, and it!.> 
faunal deposit dated ac the onser of the Olduvai, 
allows m recognize these lower Faella specimens a� 
the first ones of rhe lace Villafranchian fauna in the 
UV. 200 ky prior to the Pleiscocene. 
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5 -TASSO

The Tasso fauna (205 GEF cards), acquired for its 
second half in 1882, is the mosc varied, with 23 
species, among which the deer Pseudodamtt nestii pre­
dominates with over 30% specimens. Localities relat­
ed to the Tasso creek and Tasso lircle town are also 
varied (11 Tasso, Le Screcce al Tasso, S. Maria al Tasso) 
and atl sites belong to the MS higher sandy unit of 
Oreno. The whole collection, however, provided che 
bases to define the Tasso FU. Bue, contrary ro the 
Faella collection, magneroscratigraphical dating for ir 
is nor available in a long nor in a continuous outcrop, 
and its biochronological position was equated co chat 
of Casa Fraca. In the present calibration, che Oreno 
sand of the Faella area is partly placed in che lace 
Olduvai, and the old collection of the Faella fauna 
contained in che Oreno sand is dated co the end of 
che chron and very close to che P/P boundary. Also 
the Casa Frara Locality lies in che lowermost levels of 
rhe Oreno sand, at rhe contact wih the Ascione clay, 
chus yielding an age older than the Faella early collec­
tion. As the Tasso FU is made of specimens found in 
che Oreno sand, possibly at a shortly higher position 
in che sequence than the Casa Fraca fauna, also their 
dace may be shortly younger, at most by few rens of 
ky. le remains anyhow very close co the younger dates 
of the Faella specimens, its extent in the Quaternary 
being drascicatly lowered cowards its earliest begin­
ning, for a delay of occurrence from che Macassino 
fauna of nearly 200 ky.

The conclusive positioning of the Tasso FU in 
Texc-fig. 5 is near che cop of the Oreno unit, for a 
series of reasons which needed ro be discussed else­
where (Napoleone et aL, submirced). Here, the rime 
span enclosed in this association is emphasized ro 
range from the Hystix of Le Screrre al Tasso (Azzaroli, 
1998), in rhe lower Oreno and thus in the late 
Olduvai before the P/P boundary. The biochronolog­
ical age of che several old specimens of Hippopotamus,
which were no longer found in any UV sire, 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. 

6 - SEPARATES 

Several findings of lesser relevance, but word, ro 
be mentioned, are in rhe condition of possibly being 
positioned in rhe upper lichostrarigraphic unit. The 
Rhinoceros of Nesti and the Elephant of Azzaroli 
were already reported, with positions reconsrrucred co 
the base of the Oreno sand. Noteworthy is co look ac 
the small group of 13 vertebrate specimens in che 
palaeonrological coJJection of more than 13.500 
invertebrate specimens assembled by Marchioness 
Marianna Paulucci in late 18 hundreds and donated 
to the Museum. T hese few mammalian specimens 
were mainly collected after she moved ro the new res-

idence built on cop of the Sammezzano hill (Cioppi 
et aL., 200 l). The area is devoid of useful exposures 
for palaeomagnecics, bur the occurrence of the Oreno 
unit may be likely inferred only for the hillrop, while 
the specimens of this small assemblage are of various 
ages. The youngest ones could be not older than the 
ones of the Faella old colleccion, bur for rhe others che 
misleading indication of early or even middle 
Pleisrocene is here rejected. In face, the Anancu.s. rhe 
Meganthereon cultridens Cuvier, 1824, and the M
nestianus Fabrini, 1890, were collected in a small ouc­
crop of middle Pliocene sands on che 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 Screrce al 
Tasso and supposedly dared by Azzaroli (1998) ro the 
end of che Olduvai, and the elepham large rusk recov­
ered in 1975 by De Giuli and Azzaroli at 205 m level, 
ea. 20 m above A1.zaroli's Elephant and ea. 2 km far­
ther co the West. As in the correlation made for this 
latter wich the Faella type section, also the present 
rusk may be assigned an age close to the Faella speci­
mens from the old collection and shortly younger, 
and irs position in Texr-fig. 4 accordingly marked. 
However, its palaeontological characters led Azzaroli 
(1977b) ro considering this elephant transitional to 
the ones of the Farneta FU. the association following 
the Tasso FU and not represented in the UV. 

AGE INTERVALS BETWEEN FAUNAL UNITS 

The new chronostracigraphic asset of the UV sed­
imentary units is now assembled, the first sedimenta­
ry cycle having been calibrated (Albianelli et al., 
1997) and che third one just completed (Albianelli et 
al, in preparation). fr is here represented for 1.5 my 
in Texc-fig. 5, while all data on rheir Villafranchian 
faunas may be recalled in the index cards or rhe GEF 
catalogue. The magnetostrarigraphic dares are given 
by values in number of years, and che rime span sep­
arating them is evidenced. Each fossil deposit is thus 
the temporal barycenter in rhe biodiversificarion 
seeps, beginning with the fauna associated ro the 
Triversa FU cencered on che dace of nearly 3. l Ma, 
the contact of the lignite wirh the overlying Melero 
clays in che Cascelnuovo dei Sabbioni Series. The lat­
rer unit ends 60 ky prior to che Gauss-Maruyama 
boundary of 2.58 Ma), which was found in rhe Lower 
Valdarno to lie undemearh che fossil sire of the 
Moncopoli FU, a fundamental seep marking rhe tran­
sition from the early co rhe mid Villafranchian. The 
following Olivola FU is not calibrated wich magne­
rosrracigraphy, bur its dare inferred as pre-Olduvaian, 
with an upper limit not younger than 2.0 Ma, i.e. 
200 ky before che P/P boundary, and a lower limit ea. 
300 ky before it, according co the discussions report­
ed in Cioppi & Napoleone (2001) and Napoleone et
al. (2001 b). Finally che Tasso FU, also nor directly 
calibrated, is posr-Olduvaian only for part of irs 
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assemblage, alchough its biochronological age of lare 
Villafranchian is believed quire younger than Tasso. 

Thus. a list of dares is now available for the main 
events. The durarion of deposition of rhe oldest sedi-

ments, umiJ the earliest lacusrrine facies began, is less 
than 200 ky; the latter commenced with nearly 15 m 
of basal clays which lasted less than 100 ky in the 
magnerostracigraphic profile (Text-fig. 5), and were 
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soon followed by the fossil bearing levels overlying 
the lignices. From chis dace, 3.08 ± 0.03 Ma, the 
lacusrrine deposits lasted with a cominuous scdimen­
rarion of the Meleco clay until Lhe latest Gaus�. 60 ky 
hefore rhe Gauss/Maruyama boundary dared 2.58 
Ma. No fossils were Lhere found, and rhe next dace 
was provided by rhe Lower Valdarno sice or the 
Monropoli FU retrieved jusc above rhc polarity 
change. and thus dared 2.58 Ma. ln che remaining 
Macuyama chron no fauna:. were found in either one 
of che Valdarno basins, until rhe next UV fauna was 
classified by irs aff1niry wirh Olivola, another FU our 
of the UV, in norrhern Tuscany. The dace inferred for 
Olivola has been discussed in che previous chapters, 
and placed some 500 ky afcer the Monropoli FU, 
while Lhe next FU is dared shortly a�er the Olduvai 
magnerochron. The rime span from Olivola i!. nearly 
jOO ky. and is rhe only one measured so for in che 
Villafranchian faunas of lraly shorter than 500 ky. 

fr may be remarked rhaL all che previous FU have 
the bioch ronological interval:. between them dared 
directly in che UV or by correlation wirh the rnagne­
cozone sequence of the UV. When, on the other 
hand, Lhe biochronological intervals are characterized 
by gradu,tl rransirions between Fauna! Units, chey no 
longer have a cemporal barycemrum and the evolu­
tionary seeps may be dared only with a more derailed 
magnetic stratigraphy. This is che case with che vari­
ous UV local faunas with Olivola affinity, which are 
all conrained in the MS until rhe Tasso FU, an inrer­
val berwetn rhe two uncalibratcd fauna! unics span­
ning from a lower limic earlier chan 200 ky before the 
P/P boundary ro soon after rhe Olduvai end. The 
ages of che MS local faunas in chi!\ way range from a 
rather limiLed time younger than the Olivola FU ro 
�horcly before che Tasso FU, i.e. they span Lhe range 
of dares already measured ac 1.99 ro 1.77 Ma in rhe 
Faella section. The shore remaining gap wich che con­
fining FU of Olivola and Tasso Lightens rherefore any 
possible diversiftcarion of rhese faunas, which is in 
face poorly marked, within the dace1, of the Fadla 
magnerochronologic standard and with its accuracy. 
On such bases, the main fauna! associations confined 
in rhe latesr inrerval of the UV series become che best 
marigraphically defined, within the Villafranchian 
conrinencal basins of Italy, and both collection types 
in the MNHFU attain a high accuracy. A few ky 
accuracy is in facl reached by rhe ones for which a 
reliable location can be reconscrucced from caraloguc 
informarion, or of a few rens of ky for the others with 
more uncertain positions. However, also rhe latter are 
dated wich an accuracy of ar lease one order magni­
mde higher than the previous ages, which were indi­
rectly correlated with biosrracigraphy, as the MS 
fauna assigned tO rhe early Pleisrocene. This leads co 
a high-resolution time series for all Villafranchian 
faunas, which is fully apt ro provide rhe sequence of 
dates for rhe catalogued specimens, and enrich their 
GEF cards by rhis numerical damm. 

A block diagram may illustrate the results dis­
cussed so for, direcdy correlating che magneroscrati­
graphic disposition of rhe fossil sires with rhe GPTS 
as a calibration co rhe numerical rime scale (Texr-11g. 
6). The available material for dating the history of rhc:: 
UV sedimenrary sequence, until recently consi!>ted of 
Lhe time series made by the discontinuous fauna! 
evenr�. organized in the Villafranchian biochronolog­
ical sequence, and now also by the continuous flow of 
the magnetic Slrarigraphy. The larrcr is based on the 
magnetic evencs, rhe polariry changes, which describe 
che hisrory of che earth's geomagnetic field. and on 
the conrinuous changei. of the magnetic fossil vect0r 
recorded during the deposition of che UV sequence. 
Alrogecher, biochronology and magnccochronology 
contribun: co dace the fossil record with che highesc 
resolution, since che magnetosrrarigraphy provided 
che calibration of the former. This numerical daring 
of the fossil specimens may now enrich also for che 
old collections in rhe Museum catalogue, which usu­
ally lack the reference on their ages as rhe accurarc 
position was not reported for more rhan 70% of rhe 
finds. The UV series becomes, rherefore, tighdy cor­
relarable in several exposures by their magnernscraci­
graphic dates, and the catalogue indication of the area 
where rhe collections were recovered can receive a 
much more defined time consrraim ro the age of rhe 
fossil sires, and organised in stratigraphic succession. 

SUMMARY AND CONCLUSION\ 

The integration of rhe f-'irmly esrablished data of 
the m,1gnecosmuigraphic new criteria wirh the previ­
ous classif1carions of depositional events may be 
srressed as a major result of che present chronological 
outline. The faunas are mosdv dared across the 
Olduvai chron ( 1.95-1.77 Ma) a�d with a few thou­
sand years accuracy. 

The poorest darings, for instance chme of speci­
mens labdled with a prownance from an area of rhe 
UV (e.g .• Le Ville, Tasso, Faella. Sammezzano, ere.), 
and barely as,;igncd in rhe cacalogue only an age as 
Plc:'.isrocene, or at most earlr Pleiscocene, may now be
convened inro a numerica <lace in che period of the 
Olduvai chron, with a low degree of accuracy bur 
reaching in che worst cases less than ± 50 ky. lr 
improves by more rhan one order magnitude che age1, 
reporced in rhe caralogue, while mosL specimens of 
Lhe old collections may reach accuracies of± 30 ky co 
± l O ky, compared wirh the millennial scale which is 
reached for recent findings. 

The list o( dares for che earliest fauna, che 
Castelnuovo dei Sabbioni, begins with the base of the 
Villafranchian aoe, at 3.08 ± 00.3 Ma. Mose collec­
cions were found in the sedimencs of che second cycle 
and their fauna! assemblages are now disposed in 
stratigraphic order. Macassino is placed ac the onsec of 
che Olduvai chron of 1.950 ± 0.005 Ma, and Poggio 
Rosso at 1.870 ± 0.005 M,1. Casa Frara ii. nor 
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DATING THE UPPER VALDARNO 

SCDIM[NTARY SEQUENCL 

Texr-fig. 6 - Block diagram rcpn:�enung the 
flow of successive phases ro 
reconstruct the srrarigraphic 
sequence of rhc Upper 
Valdarno �cdimenrarv hi�rory, 
dared by the faunJI �nd mag· 
nctic pol,1rity events rherc 
recorded. The former arc repor­
ted in the aurornated catalogue 
by collecnons wirh exact scrari­
graphic 1ndkation or mostly 
without it, and ordered in the 
biochronological scale. T he la1-
1er make rhe prescm rnne scale. 
who�c sequence of magneric 
rever�als con�1itutc� rhe funda­
mentals of the GPTS used for 
geochronology, by a consianc 
i'ime flow (in Ma). The GFF 

BIOCHRONOLOGY MAGNETOCHRO 10LOGY 

( lid lindings li1ck111� Old findings wuh \lngnctic- t\lagnet1c 
,1c�u1 ate 'straugmphical accurate tratigraphical polanty cyclo-

lnd1c,11ron, indicauom, &Rl'Ccnt Straiigrnphy strati graph) 
1 t :i, lindmes 

� � � � 

First implementation of the 
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Present updating & Integration 
of the GEF Catalogue database 

catalogue dacaba.w will be the 
first recipient of each daring 
refinement �upplied ro rhe fos­
sil collection-. 

explored yet by magnetic scracigraphy but irs recon­
�trucred lithoscratigraphic position yields a dare very 
close ro rhc latter, from its correlation with the Faelb 
type section. while for the same reason also rhe dare 
of rhe Tasso fauna is inferred as nor much younger 
rhan 1.75 Ma. For caurion, che highest uncertainty 
value may be considered ± 50 ky around this dace. 
The Faella small assemblage is an exception, as rhe 
distribution range of irs specimens covers more than 
220 ky and conrains almost all the stratigraphic 
excursion marked by the previous localities. 

From the above range of dares produced for mosr 
fossil finds of rhc Museum parrimony, ir may be 
emphasized bow the old collections have shared che 
great improvements provided by their magnerosrrari­
graphic dating, also the classical faunas being now 
dated with an accuracy comparable with char of the 
recenr finch. More than 70% of the collections were 
acquired over one cenrury ago, and for rhe same 
amount chey are catalogued wirhour an exact location 
in che computerized GEF sysrem of rhe Museum. 
Rare examples of old recoveries also led to the recon­
srrucrion of the position of che fossil finds wirh rhe 
highest accuracy. One occurred for Nesci's Rhino­
ce�o1- of l 8  I l. whose location near the hill cop of 
Monte al Pero w� described and has been recon­
srrucred with a± 3 m accuracy. The site is dared 1.8.3 
± 0.01 Ma by che magneroscracigraphic series there 
measured, and correlated with the calibrated one of 
rhe facing Faella rype section. Another one was repre­
sented by rhe well defined findings of Cocchi in 1862 
(which later wenc unfortunately lose) ar the base of 
rhe same Monce al Pero and on the Faella creek, ac a 
stratigraphical level very close co char of the recenr 
recoveries ac che base of the Faella section, reaching 
the Faella creek, wich a date of 1.990 ± 0.002 Ma. 

A!> a conclusive remark, che relevance of the scien­
rific patrimony of the Museum classical collecrions 

can be emphasized. They are improved with the fun­
damental value of che numerical dating, and rhe role 
of che Museum as the depositary of a firmly estab­
lished tradition is confirmed, together wirh that of an 
active proponent off urrher research through a con­
tinuous use of its collections for sensibilizacion of vis­
itor� and knowledge of scholars. Other classical col­
lection5 of famous museums may be dared in a simi­
lar way when a magnerostratigraphic seriel. may be 
provided for the areas of provenance of their fossils. 
The classical areas of vercebrare fossil-bearing forma­
tions of Tarroc and Pinjor of India were dated to che 
lace Pliocene and early Pleisrocene, and their large 
colleccions scored in rhe museums of India and of 
London are now better placed in such a time span. 

AKNOWLEDGEMENTS 

We are deeply graceful ro E. Cioppi for providins us all rhe 
marcrial from the Museum ca1aloguc, and M. Magi tor the hdp 
in rhe Jidd work in sampling and surveying rhe sedimemary srruc­
rures. The magneric mcasuremenr� were carried out at Zurich in 
the ETH Labor:irorics, for which we express our grt-atesc thanks; 
with F. Heller we had fruitful discussions, and concinuou� advises 
were friendly given by him. The financial supporr for rhis work 
wa� generously provided h)' gramin_g from the. Uni�ersiry of
Firenze to G.N. and rrse-Jrch fellowship for A. Alb1andlt. 

REFERENCF-� 

AllBAZi'I, L.. ALBIANEUI, A., A\lllROSEl 11, l�l., ARCrNTl, P., 
BA�II IU, G., 8fRI INI, A .• G�.NTII I, 5., MASINI, F., 
NAl'OJ F.ONI. G. & PoNTtNI, M.R., 1997, Paleoncological 
and �edimcnrological records in Pliocenc dis1JI alluvial fan 
deposirs ar Cava Toppeni (Todi. ccmral lcal)'): Boll. 'ioc. 
Palconc. Iral.. 36: 5-22. 

At 131ANELLJ, A .. BFRI INI, A., MAt,I. 1\1.. NAP< ll Hl'IF. G. & 
5AloRI, M., 1995. II bacino Plio-Pleisroce111co del Valdarno 
Supcriore: evcnci sedimentari, paleomagncric.i e p.1lcodimati­
ci: II Quaccmario. 8: I 1-18. 



312 C. NAPOLEON£ et nl.

-. Az:t.AROLJ, A .• BrRTINI, A .. F1n..ARBJJ, G., NAl'OJ FONE, G. 
& TORRI:, D .. 1997, Paleomagnetic and palynologic invcsri­
garions in rhc Upper Valdarno basin (Cenrral lralv): calibra­
rion of an early Villafranchian fauna: Riv. lr. Paleont. Srrar., 
103: 111-118. 

-. MA<,1, M., MAZIINI, M. & NAPOLEON�, G., 2002. The Plio­
Pleisrocene boundary in rhe Northern Apennine continental 
�epo�ics as defined by Lhc Faella magneroMracigr.iphic �cction 
tn the Upper Valdarno: Boll. Soc. Geol. (r.. Volume specialc 
n. I: 473-47').

N.IBRO\FTrl. P., A7.ZAROU, A .. BONAOONNA, F.P. & FOLLIERI,
M ., 1972. A �cheme of Pleiscocene eh ronology for the
Tyrrhenian side of ccnrral lraly: Boll. Soc. Geol. le., 91: 169-
184.

An.AROl l, A., 1950, Osserva1.ion1 sulla formaz1one v1IL1franchi­
ana di Olivola in Val di Magra: Am Soc. Tosc. Sc. Nat.. 
Mcm., 'i7: 104-111. 

-, 1977a. The Villafranchian Stage in Italy and che Plio­
Pleiscocenc boundary: Giorn. Gcol., 41: 61-79. 

-, 1977b, Evoluuonary panerm of Villafranchian elephJnts in 
Cenrral lraly: Mem. Accad. Naz. Lincei, Cl. Sci. Fis. Mar. 
Na1.. Ser. V ll l ,  14: 129-168. 

-, 1983. Quaternary mammal& .ind the "end-Villafranchian" 
dispersal event: a turning point in the h1storv of Eurasia: 
Palaeogeogr. Pal.1codima1. Palaeoecol.. 44: 117: 139. 

-, 1998. Hystrix etrusm Bosco, the lare Villafranchi,m Porcupine 
from che Upper Valdarno, Ccnrral Italy· Pal:ieonrogr. lralica, 
85: 177-198. 

-, 2001, Middle and Lace Villafranch1an Venebrarcs from 
Tuscany and Umbria. A synopsis: Boll. Soc. P.1lconr. llal., 40: 
351-356.

- & BHVl. A.. 1970. On an Upper Villafranchian fauna at
I mola, norchern Italy. and irs correlation wirh Lhe marine 
Plcistocenc sequence or the Po plain: Palaconrogr. lcalica, 66: 
1-12.

-. ClorPI, E. & MA/ZIN!, M., 1992. II Musco di Geologia e 
Paleoncologia dcll'Universira degli Srudi di Firenze, Sczione 
Vercebrati: 76a Riunionc esriva Soc. Gcol. Jr .. Firenze, 21-23 
scrr. 1992: 19 pp. 

-. COLALONGn, M.L.. NAKt\l,;AWA, H., P,\SJNl, G., Rio, D .. 
Ruuarn1. G., SARTONI, S. & S11Rov1�R1, It. 1997, The 
Pliocenc-Pleisrocenc boundary in lraly. In Van Couvcring 
J.A .. (ed.), The Pleiscocenc Boundary and the Bcginnrng of
the Quaternary: World and Regional Geology Series, 9.
Cambridge Univ. Press: 141-1 55.

- & _NAPOLEONE. G .• 1981, Magnccosuangraphic investigarion
ol the Upper Sivaliks near Pinjor, India: Riv. lr. Paleonc.
Suar., 87: 739-762.

BENVENUTI, M.. DOMINICI, S. & ROtlK, l.. 1995. 
lnquadramento matigrafico-depo�i11011ale delle faunc J 
mammiferi Villafranchiane (unica fauniscichc Trivcrsa e 
Montopoli) de! Valdarno inferiorc nella zona a sud dcll'Arno 
(Toscana): II Quarcrnario. 8: 457-464. 

BERCGREN, W.A., Kl:NT, D.V., $\XISHER, Il l  C.C & Al'RRY, 
M.P .. 1995. A revised Ccnozoic '7eochronology and chrono­
stracigraphy: AAPG-SEPM, Special Pub!. n. 54: 129-212.

BORSFI 11, V., DE GIULJ, C., FICC.ARFJ IJ, G. & MAZZJ:--11, M., 
1980. c�a Frata: una localira fos�ilifera nel Villafranchiano 
superiore presso Terranuova Bracciolini (Arezzo) nel 
Valdarno Supcriore: Boll. Soc. Paleonr. lcal.. 19: 254-258. 

Clorr1. E .• 1999, Tntroduzione alle collezioni c storia dcl Musco 
di Gcologia e Paleontolo�ia. In E. Cioppi (a cura di), 
Evoluzione geopalconcolog1ca del tcrricorio coscano: Atti dcl 
Corso di aggiornamenro per inscgnanri, Firenze: 1-7. 

-, Dm!INI( I, S. & MA/.7..A, P.. 200 I. Le collezioni dclla 
Marchcsa Paulucci conscrvate presso ii Museo di Sroria 
Naturalc di Firenze: Muscologia Scienrifica, 16: 219-229. 

-, OORROW', D. & BERDONL)INl, E., I 996. GEF: un sisrema 
di cacalogazionc aULomari7.1..ara delle collczioni palconco­
logichc: Museolog1a Scicnrifica, 13: 9-21. 

- & NAPOLEONr. G .. 200 I, The fossil verccbrare database or che
Narural Hisrory Museum of Florence and high-resolution
magnetic scracigraphy in the Upper Valdarno Basin, as a clue
to dace old collecnons: Riv. It. Paleonr. Strar .. 107: 297-303.

DF G1l1u, C.. F1n.ARfl 1 1. G .. MA/7.A, P. & TORRF, D., 1983. 
Confronto era ,uccessioni marine e continenrali del Pliocenc 
e Pleistoccne inleriore in Italia e nell'arcn mediterranca: Boll. 
Soc. Paleont. ltal.. 22: 323-328. 

-. - & TORRE, D .. 1986, Mammal sequence and biosm11igra­
phy: Mem. Soc. Gcol. lr .. 31: 131-133. 

- & MASINI, F., 1986, Lare Villafranch1an faunas in lcalv: the 
Casa Frata local fauna (Upper Valdarno, Tus�any): 
Palaeomogr. lralica. 74: 1-9. 

GUOI.ZJ, E., and 20 more Authors, 1997. Biochronology or 
sdecred mammals, molluscs. O)tracoda from the m iddlc 
Pliocene co the late Plcistoccnc in lraly. The stare of chc arc: 
Riv. It. Paleonc. Scrar.. 103: 369-.388. 

L1NmAY. E.H .. 2001, Com:larion of mammalian biochronology 
with the Geomagnetic Polarity Time Scale: Boll. Soc. 
Palcom. ltal., 40: 225-2.33. 

-. OrDYKf, N.D. & jOHN�ON, N.M .. 1980, Pliocene dispersal 
of the horse Eq1111J Jnd l.ne Ccnozoic mammalian dispers,11 
evencs: Narure. 287: 135-138. 

MA\lNI. F.. AllllA/ZI. L.. Lll'l11, P., SALA, B. & TORRE. D .. 1998. 
Review .rnd che new finds of Microtus (Allophaiomys)
(Rodenria, Arvicolidae) from the early Pleisrocene of the 
lral1an peninsula: Paludicola, 2: 78-90. 

M..\7.71NI. I., PACC'.ARA, P.. PETRON10, C. & SARDELLA. R .. 2000, 
Geological evolution and biochronological evidences of che 
Monte Riccio secrion (Tarquinia, central Italy): Riv. lr. 
Palcont. Strat., 106: 247-256. 

MA/./.INl, M .. BOR��l 1 1, V., CIOl'l'I, E. & NAPOLEON£:. G., 2000. 
Poggiorosso: un importance arricchimenro delle faune vil­
lafranch1ane a vercebrati dcl Valdarno 5upcriorc, di era 
prossima al limite Plio-Plcist0ccne: Boll. Soc. Paleonc. ltal., 
39: 381-388. 

MFl'I, P .. 1990, Updating rhe MN zones. /11 Lindsay. E.H .. 
Fahlbusch. W .. & Mein, P. (ed�). European Ncogene 
Mammal Chronology: NATO AS! Series A. 180. Plenum 
Press. New York: 73-90. 

NAPOI H)�b G. & Al f\lANfLI I, A., 1998, Magnetic scrarigraph)' 
as a conscrai111 for cvcle resolucion in Pliocene lacuscrine 
sequences of the Apennine basin�. llaly: lAS I 5th Intern. 
Congr., Alicance, 13-17 Apr. 1998, (Abstracc). 

-, - & MAZ71NI. M .. 200la, T he fossil Rhinoceros found by 
Nesti on 1811 d::ued in the final Plioceni: by the magne­
tostratigraphy of the Upper Valdarno sequence: Boll. Soc. 
Paleo111. lcal., 40: 249-256. 

-, -. A7.zAROLI, A. & M,\ZZINI. M .. 2001b. The Poggio Rosso 
Localiry calibrared co 1he end-Plioccne and ics significance 
for daring the lare Villafranchian faunas or rhe Upper 
Valdarno. Cenual I caly: Riv. It. Paleonc. Srrac., 107: 287-
296, Milano. 

-. - & FISCHfR. A.G .. 2002, Magnetic suscepcibiliry cycles in 
late Pliocene lacustrine deposics: AAPG-SEPM Special Publ. 
(In press). 
& A/.ZAROU, A .. 2002. A collecrion of fossil vercebrares from 
chc Upper Valdarno (Central lraly) calibrated in the end 
Pliocenc t� �pan 120,000 years across the Olduvai magne­
rochron: Riv. fr. Paleonr. Strar.. 108: 479-492. 

PoNTJNJ, M.R .. ALBIANELLJ, A., BAs1ucr. G., BERTINI, A. &

N,\l'Ol_EONE, G., 2002, Pollen record and magnetostratigra­
phy ol che Middle-Lare Pliocene lacuscrinc sequence in the 



M.AGNETOCHRONOLOC!C DATING OF L. V!LLAFRANCHIAN VERTEBRATE COLLECTIONS 313 

Tiberino basin (Cenrral lcaly): Boll. Soc. Geol. It., Volume 
specialc n. I: 467-472. 

SACRI, M .. MARTINI, J.P., 8ENVENlJTI, M. & MAGI. M., 1994. 
Basin fill arch itecrure of rhc Neogcnc-Quacernary extension­
al basins. In The Norchcrn Apennines. 15ch Regional M rg 
!AS. lsch,a, Field Trip Guidebook: 39-74.

TPRRf. D .. 1987, Pliocene and Pleiscocene marine-concinenral 
correlacions: Ann. lnsc. Geol. Publ. Hung., 70: 71-77. 

-. AllllA//1, L., BERTINI, A., FANFANI, F., FICC.ARELl I. G., 
MA�INT, F .. MAZZA. P. & ROOK. L.. 200 l, Scrucrnral changes 
in Italian Pliocene-Pleisroccne large mammal assemblages: 
Boll. Soc. Paleonr. lral., 40: 303-306. 

-. ALIIIANEUJ, A., Az,.AROU, A., FICCAREUI, G., MAC.I, M .. 
NAPOLEON£. G. & SAGRI, M., 1993, Palcomagnctic calibra­
rion of Lace Villafranchian mammal fuunas from rhe Upper 
Valdarno. cenrral lraly: Mem. Soc. Geol. le .. 49: 335-344. 

-, - , BERTINI, A., flCCAREU I, G., MASINI, F. & NAPOLEON£. 
G., 1996. Paleomagneric calibracion of Plio-Pleisrocene 
mammal localities in ccncral Italy: Acea Zool. Cracov., 39: 
559-570.

-, MAZZA, P. & RooK, L., 1999, The "Wolf Event" in Europe: 
Intl. \Xforkshop on Archco-anchropology and Paleonrology, 
Lesbos (Greece). Sepe. 28-30. 1999. (Abstract). 

VAN COWERING. J.A., {ed.), l 997, The Pleiscocene Boundary 
and the Beginning of the Quaternary: World and Regional 
Geology Series, 9. Cambridge Univ. Press: 296 pp. 

(manu.scripr rcceivt'tl January 28, 2002 
rtccepred Mnrch 25. 2003) 

Giovanni NAPOLEONE 
Andrea Al BIANPLLl 
Augusco Ai'.i'.AROt t 

Diparrimcnro di Scienze della Terra 
Universita di Firenze 

Via La Pira 4 - I 50121 Firenze. Italy 
e-mail: nnpo19@1111ifi.it

Menoni MAZZINI
Museo di Storia Namrale 

Se-,donc di Geologia e Paleoncologia 
Universica di Firenze 

Via La Pira 4 - I 5012 I Fi rcnze, lcaly 
e-mail: menotti@unifi.tt


