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To improve the French Plio-Pleistocene biostratigraphy scheme based on mammal biozone boundaries or
“Mammal Neogene/Quaternary Zones” (MNQ)we collected volcanicmaterial that could be dated using the
40Ar/39Ar method in five exceptional mammalian paleofauna sites located in the Massif Central (France).
We present 40Ar/39Ar ages that we obtained for Perrier-Les Etouaires, Roca-Neyra, Chilhac, Senèze and le
Creux de Peyrolles. We show that the overall stratigraphic position of these sites based on faunal assem-
blages is valid from the relative point of view.However,we greatly improve both the accuracy and precision
of the age of these mammalian paleofaunas. We obtained 40Ar/39Ar ages varying between 2.78 � 0.01 Ma
(1s external) for Les Etouaires (Lower MNQ 16b) and 1.47 � 0.01 Ma for the Creux de Peyrolles site (MNQ
19). Based on these new dates we estimate the duration of several biozones including MNQ 16b, 17a and
17b.We suggest that the first Late Villafranchian biozone (MNQ 18) starts as early as the Reunion subchron
or just after. The first occurrence of Equus stenonis in Roca-Neyra (i.e. 2.60 � 0.02 Ma) is close to or syn-
chronous with the GausseMatuyama transition (i.e. 2.59 Ma) and the Pliocene/Pleistocene boundary. The
chronological frameworkwe build shows the very rapid increase of the large grazers community in French
faunal assemblages at the beginning of MNQ 17 (i.e. 2.6 to 2.4 Ma). This rapid faunal turnover is probably
associated with a general decrease of woodland habitat in the Massif Central contemporaneous with the
onset of the Northern Hemisphere glaciations. The faunal assemblages in France, Spain, and Italy covering
the period between 2.1 and 2.0 Ma suggest that favorable conditions for early hominin settlement (mainly
savannah prairies, grassland with open forest patches) existed in southwestern Europe at least 200 ka
before the first traces of Homo in Eurasia. This period also shows the arrival of taxa originating in Asia and
Africa, suggesting dispersal eventswithin southwestern Europewell before the Olduvai subchron andwith
no indication (as yet) of Homo as a “fellow traveler”.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction episodes of Plio-Pleistocene large mammals seem to roughly
In Europe, terrestrial mammals and flora reacted to global cli-
mate change that occurred since the middle Pliocene and that
corresponds to a global cooling of the earth’s climate. Dispersal
omade).
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coincide with major climatic events or extreme values and were
probably triggered by those climatic conditions. The current Eu-
ropean biochronological scheme is based on Faunal Units (FUs) and
mammalian standard zones (Mammifères Néogènes et Quatern-
aires, MNQ). The MNQ sequence constitutes the core of the French
biochronological framework and is the most used biochronological
reference for Western Europe. Thus, this scheme is a very useful
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tool to place the faunal units in a general time scale. However, it is
currently impossible to strictly define the FU and/or MNQ bound-
aries in time and space (Palombo and Sardella, 2007) because of the
low number of sites in which the oldest and the youngest appear-
ances of taxa (lowest and highest stratigraphical records, or FADs
and LADs) are precisely dated. Furthermore, because of the sam-
pling biases in continental environments, the stratigraphic order of
the first or last occurrences of taxa does not necessarily reflect the
real temporal order in a specific geographic area. It is currently of
prime interest for many communities in earth sciences, and in
particular paleontologists and anthropologists, to better constrain
the timing and the spatial expansion and dispersals of large
mammals. These migrations reflect environmental changes fol-
lowing the overall cooling of global climatic that occurred around at
the time of the appearance of Homo and its dispersal out of Africa.

In order to contribute to this ongoing debate, we decided to use
the 40Ar/39Ar method to date five major sites located in the French
Massif Central and covering the biochronological units (biozones)
MNQ 16a to MNQ 19 (French based biochronological scheme). The
mammalian paleofaunas we investigated are: Les Etouaires (Early
MNQ 16b), Roca-Neyra (Late MNQ 16b), Chilhac (MNQ 17b), Senèze
(MNQ 18) and Creux de Peyrolles (MNQ 19).

Our new chronological framework based on 40Ar/39Ar ages
provides the first precise estimates of the ages and durations of
several French biozones. As a result, faunal evolution and dispersal
of large mammals in France between 3.0 and 1.5 Ma can be dis-
cussed using a precise chronological framework which can be
directly compared to global paleoclimatic records.

2. The current biochronological scheme in Western Europe

FUs, biozones and magnetostratigraphy for the last 3.6 Ma are
presented in Fig. 1. The FUs used by the Italian paleontologists (e.g.
Fig. 1. Integrated stratigraphic and biochronological scheme for Late PlioceneePleistocene l
indicates the Cobb Mountain and Reu. The Reunion subchrons. d18O data are from Lisiecki a
data from Kahlke et al. (2011) and correspond to Southwestern Europe only (France, Italy a
Azzaroli,1977,1982; Palombo et al., 2003) aremainly defined by the
totality of species from a local fauna which corresponds to a typical
association and is named after a reference site (e.g. Olivola FU). The
biochronological scheme based on biozones is more complex and
was first developed by Mein (1975) for the Neogene units (MN),
then expanded by Guérin (1982, 1990) for the Pleistocene units
(MNQ). The definitions of these units are based on 1) the first
appearance of new taxa that emerged either from local ancestry or
by immigration; 2) the evolutionary stage of selected mammalian
lineages that are well known and defined; 3) the presence of par-
ticular associations of taxa. Finally, the MN units are mainly defined
bymicro-mammals whereas the biozones defined by Guérin (1982,
1990) rely more on large mammals. Both MN and MNQ units have
been mainly calibrated in time using magnetostratigraphy (AgustÌ
et al., 2001; Van Dam, 2001; Petronio and Sardella, 1999; Masini
and Sala, 2007). In this general scheme, several “events” were
defined (e.g. Made, 2011) such as the “Elephant and Equus event”
(Azzaroli et al., 1988) and more debated “Wolf-Homo event”.
However, many recent findings suggest that these so called
“events” are diachronous across Europe (Rook and Martínez-
Navarro, 2010) and cannot be used as stratigraphic tie-points but
only as local indicators of paleoenvironmental conditions. We will
use the term turnover for these “events” hereafter. For example the
Elephant-Equus (EE hereafter) turnover coincides with the increase
of seasonality in the northern hemisphere and the beginning of
glacial activity in Greenland, Scandinavia and North America (e.g.
Haug et al., 2005; Solgaard et al., 2011; see Fig. 1) driven by the
41 ka cycles that became the prominent orbital forcing of the global
climate (e.g. Shackleton, 1995; Lisiecki and Raymo, 2007). During
this period, both Europe and Asia became somewhat progressively
cooler and drier, reducing the warm and humid forest habitat in
favor of savanna-like environments more favorable to the spread-
ing of large herbivores (e.g. Palombo and Valli, 2004; Kahlke et al.,
arge mammal faunal units (Italy) and biozones (France). In polarity chron column, C.M.
nd Raymo (2005). Paleoenvironmental conditions reported follow the chronology and
nd Spain). Greenland ice sheet coverage is from Soolgaard et al. (2011).



Fig. 2. a) Simplified geologic map of the Perrier PlioePleistocene sequence and samples location. b) Southern slope simplified section of the Perrier plateau showing the location of
the 40Ar/39Ar samples and of the fossiliferous beds stratigraphic position (modified from Pastre, 2004a).
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2011). Depending on the authors (e.g. Azzaroli et al., 1988; Rook and
Martínez-Mavarro, 2010;Made, 2011; Kahlke et al., 2011; see Fig.1),
the EE turnover occurred in Late MNQ 16 and encompassed the
Early to Middle Villafranchian transition roughly between 2.7 and
2.4 Ma. In Italy, it occurs near the Gauss/Matuyama boundary at
2.59 Ma (Azzaroli, 1995). This faunal turnover is documented in
France by the first occurrence of Equus sp., Eucladoceros sp. and
Gazella borbonica at Vialette around 3.0 Ma (Lacombat et al., 2008)
and the appearance of Equus stenonis in the Roca-Neyra fauna
(Guérin, 1996), not yet firmly dated. The period following the EE
turnover is known as Middle Villafranchian (MNQ 17; Fig. 1) and
marked by an increased diversity of bovids suggesting the exten-
sion of grassland (open savanna). The beginning of the Late Villa-
franchian corresponds to the MNQ 18 biozone. Senèze is the
reference locality of MNQ 18 in France (Guérin,1990; see Fig.1). The
first appearance of Homo in Eurasia occurred during MNQ 18 in the
Dmanisi site (Republic of Georgia; e.g. Gabunia et al., 2000) that
displays a continuous occupation between 1.85 and 1.76 Ma
(Ferring et al., 2011) associated with MNQ 18 mammalian paleo-
fauna (Lordkipanidze et al., 2007). The link among dispersal of large
herbivorous mammals, carnivores (e.e. Canis sp.) and Homo as an
“event” is largely debated, and according to recent works it seems
that species moved when environmental conditions were right for
them (Arribas et al., 2009; Rook and Martínez-Navarro, 2010;
Bellucci et al., 2012) rather than in multi-species waves of dispersal
(O’Regan et al., 2011). These paleoenvironmental and faunal
changes seemwell established from a relative point of view, but it is
currently impossible to make precise temporal comparisons of
climatic changes and mammalian paleofaunal dispersal and/or
expansion in southwestern Europe due to limited geochronological
control.
1 The uncertainties are quoted at 1s throughout the text, and ages from the lit-
erature are recalculated using FCs at 28.201 Ma (Kuiper et al., 2008).
3. Fossil deposits overview and sampling

3.1. The Perrier plateau area

The Perrier plateau provides a key Plio-Pleistocene sedimentary
sequence deposited by the Allier river. Four debris avalanches
issued from the Mont-Dore stratovolcano, were emplaced within
a few tens of ka, and fossilized this complex fluvial record that
spans the entire late Pliocene and part of the Early Pleistocene
(Fig. 2; see Pastre, 2004a). This fluvio-volcanic sequence (up to
100 m thick locally) lies on top of Oligocene clays, marls and
limestones of the Limagne graben. Because of the proximity to the
Mont-Dore stratovolcano (30 km east), several pumice falls and
flows or their locally reworked products (pumices, minerals) occur
interbedded in the sedimentary sequence (Pastre, 2004a). Devèze
de Chabriol and Bouillet (1827), Bravard (1828), and Croizet and
Jobert (1828) recognized the richness of the Perrier area fossilif-
erous beds as early as the first half of the XIXth century. However,
this sequence became one of the most important European refer-
ence assemblages only after the mid XXth century and the doctoral
thesis of Bout (1960) as well as the first K/Ar datings (Bout, 1966;
Savage and Curtis, 1970; Bout, 1970). Despite the favorable min-
eralogical assemblage (presence of alkali K-feldspars) for 40Ar/39Ar
dating, only a few dates are available, and the chronostratigraphy of
the plateau remains largely based on K/Ar ages and correlations
with unpublished 40Ar/39Ar ages (Lo Bello, 1988; Duffell, 1999).
Only one published 40Ar/39Ar age on the Sailles ignimbrite
(3.09 � 0.02 Ma1 in Féraud et al., 1990) correlated with one of the
oldest rhyolitic pumice flow units on the plateau can be regarded as
a precise and significant date (see Pastre, 2004a for further dis-
cussion). Four main large-mammal fossiliferous horizons (local
faunas) are identified in the Perrier plateau area: 1) Les-Etouaires;
2) Roca-Neyra; 3) La Loubière de Pardines; and 4) Le Creux de
Peyrolles. Les Etouaires is considered as the oldest of these sites,
belonging to the Early Villafranchian (i.e. Early MNQ 16b: Heintz
et al., 1974; Duvernois, 1990; Palombo and Valli, 2004), equivalent
to the Italian Triversa FU (Fig. 1) based on the faunal assemblages.
The Creux de Peyrolles is the youngest one (MNQ 19: Valli et al.,
2006). An unpublished 40Ar/39Ar age of 1.42 � 0.10 Ma (doctoral
thesis of Lo Bello, 1988) is known for this site. The so-called “Les
Etouaires” faunal assemblage is complex and made of various
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outcrops and levels (i.e. Les Etouaires lower and upper fossiliferous
levels, Belle Estrenne, Bourbon, la Côte d’Ardé, Cros Roland) later
grouped into the local fauna or species list named "Les Etouaires"
(Heintz et al., 1974; Duvernois, 1990; Palombo and Valli, 2004;
Pastre, 2004a). This assemblage includes a large number of genera
considered as inhabiting open country, coherent with the first pulse
of the late Pliocene glacial trends (Palombo and Valli, 2004; see
Fig. 1). The first age proposed for this site complex was 3.2e3.3 Ma2

(Bout, 1967), later reduced to around 2.5 Ma2 (Ly, 1982; Poidevin
et al., 1984). However, based on stratigraphic considerations,
Pastre, 2004 proposed an even younger age of 2.0 Ma, close to the
average age proposed for the debris-avalanches (Poidevin et al.,
1984). The Pardines and Roca-Neyra levels are both contempora-
neous with the debris avalanches that fossilized the sedimentary
sequence of Perrier (Bout, 1970; Ly, 1982; Pastre, 2004a), therefore
younger than Les Etouaires (Fig. 2). The faunal assemblages of these
two sites are consistent with the local stratigraphy. Roca-Neyra
(localized between the two first debris avalanches) belongs to the
Late MNQ 16b interval (Montopoli FU) whereas Pardines with an
MNQ 17a faunal assemblage (probably Saint Vallier FU, Palombo
and Valli, 2004) is located between the third and fourth debris
avalanches (Fig. 2). The first occurrence of E. stenonis together with
Hipparion rocinantis in France shows the significance of the local
fauna of Roca-Neyra (Guérin and Patou-Mathis, 1996). Unfortu-
nately, excluding the K/Ar age of 1.99 Ma published in Poidevin
et al. (1984), no modern radio-isotopic age is available for the
debris avalanches, precluding any accurate age estimates for either
the Pardines or Roca-Neyra faunal assemblages.

To refine this chronological framework, we collected four sam-
ples within the Perrier plateau sequence that are described here
from the bottom to the top (Fig. 2): 1) PER 128, the lowermost
quartz-rich rhyolitic plinian fall (RP1: Pastre, 2004); 2) PER 105, an
amphibole-rich slightly reworked pumiceous trachytic fall inter-
bedded at the base of the Les Etouaires fluvial sequence at the Côte
d’Ardé site (north of Les Etouaires site); 3) PER 51, trachytic pumices
from the first debris avalanche that fossilized the plateau (E1a:
Pastre, 2004) and is contemporaneous with the Roca-Neyra fauna,
slightly older than the Pardines fauna. The last sample, PER 7, cor-
responds to the Issoire trachytic pumiceous alluvium previously
dated by Lo Bello (1988) and interstratified within the Creux de
Peyrolles fossiliferous beds (Valli et al., 2006). Details of the min-
eralogical assemblages and feldspar compositions when available
are presented in the online supplementary table T1.

3.2. The Senèze maar

Senèze is the name of a hamlet located inside a 500 m diameter
maar structure (Fig. 3a,b). This maar harbored a lake progressively
filled by lacustrine sediments during the Early Pleistocene (Middle
and Late Villafranchian). The lacustrine sequence (123 m of sedi-
ments) was first explored in detail using a 175 m core collected in
1965 (Ehrlich, 1968; Pelletier, 1968; Elhai, 1969) and complemented
in 1989 by three shorter ones (Couthures, 1989; Roger et al., 2000).
According to the paleomagnetic data available from the 1965 core,
the sediments were deposited during the Matuyama reversed
chron (Prévot and Dalrymple, 1970). However, a short normal po-
larity interval was found in the upper part of the sequence (Prévot
and Dalrymple, 1970), later identified as the Reunion event, based
on a 40Ar/39Ar age of 2.11 � 0.01 Ma (Roger et al., 2000). The
occurrence of fossil mammals in the upper part of the Senèze
sedimentary filling was first mentioned by Boule (1892). Since then
numerous fossils have been collected and described (see Delson
2 No uncertainties were indicated in the corresponding references.
et al., 2006 for a historical summary). Senèze has yielded an
exceptional and well-preserved mammalian assemblage and is the
French (if not pan-West European) reference for the Late Villa-
franchian biozone MNQ 18 (Guérin, 1980, 1996). However, the
faunal assemblage from Senèze was at times suggested to be
transitional from the Middle to the Late Villafranchian (Palombo
and Valli, 2004) instead of Late Villafranchian, and some re-
searchers even suggested that more than one fossiliferous level was
to be found at Senèze (e.g. Azzaroli et al., 1997). Overall, according
to the known faunal assemblage, Senèze is younger than Saint-
Vallier but its exact chronological position within the Middle/Late
Villafranchian remains uncertain. Age estimates for Senèze are
scattered between 2.2 and 1.5 Ma (Delson et al., 2006). The only
chronological control for the Senèze fossils is the 2.11 � 0.01 Ma
40Ar/39Ar age (Roger et al., 2000) obtained from a core sample
unfortunately disconnected from the fossiliferous level(s) but
thought to underlie them.

To clarify the chronological framework of the Senèze site, a new
research collaborative program started in 2001 under the direction
of M. Faure, C. Guérin and E. Delson. Between 2001 and 2006, four
landscape “parcels” (233e234, 174 and 172) were investigated by
their multidisciplinary team (Fig. 3b). A total of five trenches as long
as 11 m (T5, parcel 172) were excavated (Delson et al., 2006) and
carefully studied (sedimentology, palynology, macro- and micro-
mammals, tephrostratigraphy). Debard and Pastre (2004) docu-
mented the occurrence of several tephra layers, all linked to the
Mont-Dore stratovolcano. None of these tephra layers identified
so far match mineralogically the tephra layer dated by Roger et al.,
(2000) (Delson et al., 2006). In this study we selected five of these
tephra layers collected in three parcels (i.e. 233, 234 and 172;
Fig. 3b). Detailed mineralogical assemblages and feldspar compo-
sitions are reported in Table T1 (online supplementary data).

Samples SEN 8 and 1 are from the lower part of trench 2 from
excavated parcel 233 (Fig. 3). These two tephras are separated each
other by about 2 m, although SEN 8 is located below a small fault.
SEN 1 is located only few decimeters below the fossiliferous level
(Debard et Pastre, 2004; Delson et al., 2006) which contains mid-
sized Cervidae such as Cervus philisi, large deer and Bovidae such
as Eucladoceros ctenoides ctenoide and Leptobos etruscus as well as
Mammuthus meridionalis and rhinoceros (Dicerorhinus etruscus
etruscus). The paleomagnetic study of trench 2 shows a mainly
reverse polarity and a short normal polarity found slightly above
the SEN 1 tephra layer (S. Sen, personal communication).

Sample SEN 56 is from the upper part of parcel 234 (Fig. 3). No
fossil was found in its vicinity, and thus its relationship to the
fossiliferous level(s) is uncertain.

Samples SEN 98 and SEN 101 are from trench 5, Parcel 172
(Fig. 3). An extensive fossiliferous level is found between these two
tephra layers (Debard and Pastre, 2004). Fossils in this layer include
D. etruscus etruscus as well as E. stenonis senezensis and Equus
stehlini (Delson et al., 2006).

3.3. Chilhac fossil deposits

Chilhac is located at the NW edge of the Devès Plio-Pleistocene
volcanic field mainly made of basaltic flows, strombolian-type
scoria and maar craters (Mergoil and Boivin, 1993, Fig. 3). The
fossiliferous sites of Chilhac are located in a small valley about 1 km
NNE of the Chilhac village (Fig. 3c). The two main fossiliferous sites
located on both sides of the Rabioulet stream talweg are known as
CH2 (West bank) and CH3 (East bank) (Fig. 3c). Based on their
included species, no biochronologic distinction can be made be-
tween CH2 and CH3 (Bœuf, 1983; Barbet, 2006). The Chilhac
mammalian assemblage is well preserved, and the faunal list
comprises 13 taxa of mammals and three of birds (see Palombo and



Fig. 3. a) Simplified geological map of the Northern part of the Devès volcanic plateau; b) location of the 40Ar/39Ar samples, simplified geological map, section of the Senèze maar
structure and parcels excavated between 2001 and 2005 (modified from Delson et al., 2006); c) Geological context and simplified section of the Chilhac site (modified from Boivin
et al., 2010).
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Valli, 2004; Boivin et al., 2010 for the complete list). The taxonomic
assemblage is typical of MNQ 17 (e.g. Guérin, 1982; Boeuf, 1997;
Spassov, 2003) and more precisely MNQ 17b according to Palombo
and Valli (2004). The fauna of Chilhac is stratigraphically critical
because of the coexistence ofMammuthus meridionalis that appears
during biozone MNQ 17 and Anancus arvernensis that disappears
beforeMNQ 18. Interestingly, the latter is not present in Senèze (see
2.2, MNQ 18) located only 10 km to the north (Fig. 3a). Palombo and
Valli (2004) suggested that the Chilhac local fauna probably cor-
responds to the Costa San-Giacomo FU both because of the similar
unique association of Mammuthus meridionalis and Anancus arver-
nensis (Belucci et al., 2012) and also the presence in Chilhac of
a large canid similar to Canis etruscus (Monguillon-Douillet, 2000),
that is also found in Costa San Giacomo (Biddittu et al., 1979; Rook
and Torre, 1996).

The precise dating of the Chilhac deposits is still unclear because
of the complexity of its geological setting. However, according to
the faunal assemblage, this site should be older than Senèze (MNQ
18) but younger than Saint-Vallier and Roca-Neyra (see 2.1) e

(Guérin et al., 2002; Palombo and Valli, 2004). The CH2 site is
covered by a lava flow, dated by K/Ar between 2.0 and 1.6 Ma
(Boivin et al., 2010). These dates give a minimum age to the Chilhac
fossil deposits. The same study proposed a maximum age for
Chilhac of 2.47 � 0.1 Ma (K/Ar age for the Pié des Varennes lava
flow; Couthures and Pastre, 1982; Mergoil and Boivin, 1993)
(Fig. 3c). To refine the age of the Chilhac local fauna, we collected
a centimetric trachytic tephra layer found by J-F Pastre but unrec-
ognized by Boivin et al. (2010). This tephra layer derived from the
Mont-Dore is stratigraphically above the fossiliferous deposits
CH2b and CH3 (Boivin et al., 2010) interbedded in ash and scoriae
deposits related to the Pié de Bouillergue scoriae-cone above the
beds described by Boivin et al. (2010) and postdates the Chilhac
lava-flow. The detailed mineralogical assemblage and in particular
feldspar composition of this tephra layer are reported in online
Supplementary Table T1.

4. 40Ar/39Ar methods

K-feldspars or plagioclase (Chilhac site) were concentrated
throughout several density separations using Lithium Meta Tung-
state (LMT) heavy liquid. Pristine sanidine crystals ranging from
250 mm to 400 mm were handpicked under a binocular and then
slightly leached for 5 min in a 7% HF acid solution in order to
remove adhered groundmass. After leaching and sizing a total of
25e40 grains were finally handpicked. About 60 mg of pristine
plagioclase (150e250 mm) from the Chilhac tephra were con-
centrated after removal of all milky crystals.

Samples were irradiated in three distinct irradiations (Irr 01, 20
and 31 with duration of 90, 60 and 120 min respectively) in the b1
tube of the OSIRIS reactor (CEA Saclay, France). After irradiation,
samples were transferred into a stainless steel sample holder and
then loaded into a differential vacuum Cleartran� window. Sani-
dine single grains were fused using a focused 25 W CO2 laser
(Synrad�) at about 9% of the full laser power whereas about 30 mg
of plagioclase crystals were step-heated using a defocused laser
beam (3%e15% of the laser power). Ar isotopes were analyzed using
a VG5400 mass spectrometer equipped with a single ion counter
(Balzers� SEV 217 SEN) following procedures described in detail by
Nomade et al. (2010, 2011). Calculated sensitivity is about
1.32$10�12 mol per V measured. Each Ar isotope measurement
consists of 20 cycles of peak switching of the argon isotopes.
Depending on the xenocryst contamination, we analyzed between
7 and 15 sanidine single grains for each sample. Neutron fluence (J)
was monitored by co-irradiation of Alder Creek Sanidine (ACs-2,
Nomade et al., 2005) placed in the same pit as the sample. J value
for each sample was determined from analyses of three ACs-2
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grains. Corresponding J values (see online Supplementary data
table T2) were calculated using an age of 1.193 Ma (Nomade
et al., 2005) for ACs-2 and the total decay constant of Steiger and
Jäger (1977). Recent revisions of decay and monitor constants
suggest values about 0.64% (Kuiper et al., 2008, 1.201 Ma for ACs-2)
and 0.97% (Renne et al., 2011; 1.205 Ma for ACs-2) older than used
here. The implied difference in calibrated age is negligible for our
samples (about 10e20 ka). However, to be coherent with the last
geological time scale published in 2012 that adopted the Kuiper
et al. (2008) calibration (see Schmitz, 2012) all ages reported
hereafter were recalculated with ACs2 at 1.201 corresponding to
FCs age of 28.201 Ma. J uncertainty corresponds to the standard
deviation of all measurements and excludes age uncertainty on the
standard age. Procedural blanks were measured every two or three
unknowns depending on the sample beam size previously meas-
ured. For a typical 9-min static blank, typical backgrounds are about
2.0e2.2$10�17 to 1.3$10�16 and 5.0 to 6.0$10�19 mol for 40Ar and
36Ar, respectively. The precision and accuracy of the mass dis-
crimination correction was monitored by weekly measurements of
air argon (see full experimental description in Nomade et al. (2010).
Nucleogenic production ratios used to correct for reactor produced
Ar isotopes fromK and Ca are reported in the online Supplementary
Table T2.

Plateau age and isochron regression for the Chilhac tephra
sample were calculated using ArArCalc (Koppers, 2002). Retained
criteria for an acceptable age plateau are: (1) it must have a mini-
mum of 3 or more consecutive steps that contain at least 60% of the
39Ar released, (2) no resolvable slope at 1s analytical uncertainty,
(3) no outliers or age trend within the initial and final steps. We
followed the criteria of Sharp and Renne (2005) to build reliable
isochron regressions. An isochron includes the maximum number
of consecutive steps with a probability of fit �0.1 and consists of at
least three or more steps that contain �60% of the 39Ar released.

5. 40Ar/39Ar results

Full analytical details for individual crystal experiments or pla-
gioclase step-heating are given in Supplementary Table T2. Data
reduction and, isochron regressions were calculated using ArArCalc
(Koppers, 2002). Age-probability density spectra with individual
single crystal ages (1s), plateau age spectra for Chilhac tephra and
corresponding isochrons for each sample are presented in Figs. 4e6.
Results are discussed belowaccording to the fossil deposit, from the
oldest to the youngest, and summarized in Table 1.

5.1. Les Etouaires (Early MNQ 16b), Roca-Neyra (Late MNQ 16b)

Ages obtained for samples PER 128, PER 105 and PER 51 (Fig. 4)
are respectively 3.11�0.01 Ma, 2.78� 0.02 Ma and 2.60� 0.02 Ma.
The multiple mode age-probability density spectra of samples PER
128 and PER 105 evidence xenocrysts which predate the eruption.
However, this contamination is minor, and in both cases juvenile
crystals inducing a prominent mode allowed us to calculate reliable
ages. Sample PER 51 displays a probability spectrum dominated by
juvenile crystals. The three isochron diagrams yielded atmospheric
40Ar/36Ar initial intercepts (Table 1). Nevertheless, the limited
spread and the poorly constrained initial ratio for sample PER 51 do
not allow the calculation of a precise age. Despite this minor
problem for one sample, inverse isochron ages are all mutually
concordant with the ages calculated using the population mode,
suggesting no measurable inherited argon component in these
samples (Table 1, Fig. 4). The age we obtained for PER 128 (RP1
plinian unit, Pastre, 2004) is marginally older than the age obtained
by Féraud et al. (1990) for the Sailles ignimbrite (i.e.
3.09 � 0.02 Ma), stratigraphically located above it (Pastre, 2004a).
5.2. Chilhac (MNQ 17b)

A plateau age of 2.38 � 0.04 Ma was obtained for the sample
from Chilhac. Step heating experiments yield concordant spectra
with 100% of the gas defining the age plateau (Fig. 5). The 40Ar/36Ar
intercept value determined from the isochron diagram is atmo-
spheric (297 � 2), indicating that this sample was not affected by
excess argon. Therefore, the isochron age (2.36 � 0.04 Ma) agrees
with the plateau age. The age of this sample is less precise than the
Perrier ones because of the higher Ca/K ratio as well as lower
radiogenic content in plagioclase compared to sanidine.

5.3. Senèze (MNQ 18)

40Ar/39Ar ages obtained on the various tephras collected in
Senèze are presented below according to the parcels in which they
were collected (see Fig. 3).

5.3.1. Parcels 233, 234
We obtained three ages: 2.17 � 0.02 Ma, 2.13 � 0.02 Ma and

2.09 � 0.01 Ma. Experiments conducted on sample SEN1 (parcel
233), reveal a complex probability spectrum with a slightly tailed
age distribution (Fig. 5) suggesting the presence of an older pop-
ulation of crystals. The isochron diagram displays a 40Ar/36Ar ini-
tial ratio slightly higher than the modern atmospheric value but
within agreement at the 2s level (i.e. 310 � 24, Fig. 5). However,
the limited spread on this isochron does not allow the determi-
nation of a valid age.

Corresponding age-probability density spectra of samples SEN-
8 and SEN-56 display simple probability diagrams dominated by
juvenile crystals and isochrons with atmospheric 40Ar/36Ar initial
intercepts. Isochron ages are mutually concordant with ages cal-
culated from probability density spectra (Fig. 5).

5.3.2. Parcel 172
Ages obtained for the two tephra layers located belowand above

the fossiliferous bed are 2.21 � 0.02 Ma and 2.16 � 0.02 Ma,
respectively (Fig. 6). Corresponding age-probability density spectra
are distinct for the two samples with a slightly tailed age distri-
bution for SEN 101, whereas we found only juvenile crystals in SEN
98 (Fig. 6). Despite the relatively low spread on SEN 101 sample,
isochron plots display a precise 40Ar/36Ar initial intercept, identical
to the modern atmospheric value (Fig. 6, Table 1). Isochron ages are
mutually concordant with the ages calculated from the population
mode (Fig. 6, Table 1).

5.4. Creux de Peyrolles (MNQ 19)

The age-probability density spectrum for PER 07 is simple,
dominated by juvenile crystals as illustrated by the nice Gaussian
distribution that yields an age of 1.47 � 0.01 Ma (Fig. 6).. The cor-
responding isochron plot displays an initial 40Ar/36Ar intercept
value (296 � 2) identical to the modern atmospheric one. The in-
verse isochron age is concordant with the age from the Gaussian
mode (i.e. 1.47 � 0.01 Ma). The age we obtained is identical within
uncertainty but more precise and accurate than the 1.42 � 0.10 Ma
40Ar/39Ar age of Lo Bello (1988) from the same sample.

6. Implications for the French biostratigraphic chronology

We have obtained a total of ten 40Ar/39Ar ages allowing for the
first time to precisely date five remarkable Late Pliocene to Early
Pleistocene French fossiliferous sites. These ages indicate that the
overall stratigraphic position based on the fossiliferous assem-
blages (Guérin et al., 2004; Palombo and Valli, 2004) is valid with:
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Fig. 4. Age probability distribution spectra, individual age analyses (1s analytical uncertainties) and corresponding inverse isochron plots for the Pliocene samples including
rhyolitic plinian fall RP1 (PER 128), Les Etouaires, Côte d’Ardé (PER 105) and debris-avalanche I (Roca-Neyra, PER 51). Black boxes are juvenile crystals whereas white ones cor-
respond to xenocrystals and were not used for the age calculation. Full external uncertainties (1s) are indicated for each weighted mean and isochron ages.
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Perrier-Les Etouaires (Early MNQ 16b: 2.78 � 0.02 Ma) > Roca-
Neyra (Late MNQ 16b: 2.60 � 0.02 Ma) > Chilhac (MNQ 17b >

2.36� 0.04Ma)> Senèze (MNQ 18: 2.21 to 2.09� 0.02Ma)> Creux
de Peyrolles (MNQ 19: 1.47 � 0.01 Ma). According to the strati-
graphic position of the fossils found in Senèze site (Delson et al.,
2006), the most probable deposition age of this site range be-
tween 2.21 � 0.02 Ma and 2.13 � 0.02 Ma (with a known fossil
horizon between 2.21 and 2.16� 0.02Ma; see sample descriptions),
a time interval in agreement with the age proposed by Roger et al.
(2000) for the tephra from the upper part of the lacustrine
sequence. The age of 2.36 � 0.04 Ma for Chilhac corresponds to
a minimum age as we dated a tephra layer stratigraphically above
the fossiliferous levels. Nevertheless, this age is probably not far
from that of the fossiliferous sites and other volcano-sedimentary
formations, as the time separating the different phases of “mono-
genic” volcanoes (early phreatomagmatic phase, lava-flows and
scoriae-cone) is generally short.
We propose a numerical based chronology for the French bio-
stratigraphic scheme (Fig. 7). We include on Fig. 7 the ages obtained
for the five investigated sites along with mammalian paleofaunal
sites from Spain and Italy. These sites belong to the same biozones
and/or to FUs equivalent to the onewe dated but are calibrated only
using magnetostratigraphy. Several important results can be drawn
from Fig. 7 concerning the chronology of MNQ biozones in France:

1) The MNQ 16b biozone extends at least to 2.78 � 0.02 Ma based
on our age for la Côte d’Ardé site (close to Les Etouaires type-
site). This age is much older than the previous estimates of
2.5 Ma (Ly, 1982; Poidevin et al., 1984) or even 2.0 Ma (Pastre,
2004) suggested for this fauna. As already mentioned, several
fossiliferous beds have been included in the Etouaires local
fauna. Of these beds, the Cros Roland on the northern slope of
the plateau is the oldest, stratigraphically located between the
RP1 plinian fall (3.11 � 0.01 Ma, this work) and the Sailles



Fig. 5. 40Ar/39Ar age spectrum and inverse isochron obtained for the Chilhac tephra layer and age probability distribution spectra, individual age analyses (1s analytical un-
certainties) and corresponding inverse isochron plots for Senèze samples (Northern parcels, 233e234). Black boxes are juvenile crystals whereas white ones correspond to xen-
ocrystals and were not used for the age calculation. Full external uncertainties (1s) are indicated for each weighted mean and isochron ages.
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fibrous pumice ignimbrite (3.09� 0.02, Féraud et al., 1990). The
lower fossiliferous bed of the Les Etouaires classical site is
located near the base of the fluvial sequence of the eastern
plateau slope (Pastre, 1987), stratigraphically close to the
pumices of la Côte d’Ardé, dated here at 2.78 � 0.02 Ma. The
upper fossiliferous bed found near Les Etouaires at Les Bar-
delles, la Côte d’Ardé upper part and Bourbon is at the top of
the fluvial sequence, just below the first debris-avalanche.
Consequently, these sites are located between the age of the
pumices of la Côte d’Ardé and the age of 2.60 � 0.02 Ma
obtained for the pumices of the first debris-avalanche. The MN
16(a) biozone begins in France with the Vialette site dated
around 3.0 Ma (Lacombat et al., 2008), but further clarification
would be useful.



Table 1
Summary of the 40Ar/39Ar results obtained for the ten tephra layers we dated. N/A: no valid inverse isochron.

Sample Lat (E); long (N) Fossil deposit Biozonea Plateau/Meanb Error MSWD Isochronb Error 40Ar/36Ar Int. Error MSWD

ka ka (1s) ka ka (1s) (1s)

PER 07 3�13011.600; 45�33038.200 Creux de Peyrolles MNQ 19 1469 12 1.3 1465 12 296 2 1.5
SEN 56 3�28058.600; 45�14031.900 Senèze (P234) MNQ 18 2093 10 1.4 2093 11 292 4 0.8
SEN 1 3�28055.000; 45�14032.500 Senèze (T2, P233) MNQ 18 2133 25 1.0 2092 38 310 12 0.8
SEN 101 3�29000.100; 45�14023.500 Senèze (T5, P172) MNQ 18 2161 21 0.4 2158 22 309 15 0.3
SEN 8 3�28055.000; 45�14032.500 Senèze (T2, P233) MNQ 18 2173 22 1.3 2177 22 292 3 1.2
SEN 98 3�29000.100; 45�14023.500 Senèze (T5, P172) MNQ 18 2206 16 1.0 2208 16 296 4 1.1
Chilhac 3�26045.500; 45�09043.500 Chilhac MNQ17b 2375 40 0.5 2355 50 297 2 0.5
PER 51 3�11011.600; 45�33038.200 Roca-Neyra

(Avalanche I)
MNQ16b 2597 21 0.6 2605 23 264 40 0.6

PER 105 3�1309.300; 45�33031.700 Les-Etouaires
(Côte d’Ardé)

MNQ16a 2775 23 1.2 2774 23 296 2 1.3

PER 128 3�11027.900; 45�33013.000 N/A N/A 3102 16 1.3 3110 16 294 6 1.4

a Biozone from Palombo and Valli (2004), Guérin et al., 2004.
b Age using Kuiper et al. (2008) calibration (i.e. ACs-2 at 1.201 Ma).
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Fig. 6. Age probability distribution spectra, individual age analyses (1s analytical uncertainties) and corresponding inverse isochron plots obtained for the Senèze samples from
parcel 172 and for the Creux de Peyrolles (PER 7). Black boxes are juvenile crystals, white ones correspond to inherited crystals and were not used for the age calculation. Full
external uncertainties (1s) are indicated for each weighted mean/plateau and isochron ages.
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Fig. 7. Integrated stratigraphic scheme for the Late Pliocene to Early Pleistocene large mammalian record and chronostratigraphic framework for the French MNQ biozones based on
our new 40Ar/39Ar ages. We report magnetically calibrated mammalian faunas from Italy and Spain for comparison with the new chronostratigraphy we propose for French MNQ
biozones. Prevailing habitat characters for southwestern France during the same period are inferred from the large mammal fossil records in relation to global climatic record from
Lisiecki and Raymo (2005). (1) 40Ar/39Ar ages for the Dmanisi site occupation (Ferring et al., 2011; Messager et al., 2011); (2) Minimum age of the Lézignan large mammalian
paleofauna (Crochet et al., 2009); (3,4) Earliest Homo dating (KNM-BC1) is from Deino and Hill (2001). Homo antecessor age is from Falguères et al., (1999) and Carbonell et al.
(2008).
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2) The MNQ 17a biozone (Saint Vallier/Colle Pardo FU) has
a duration of about 240 � 48 ka (i.e. age difference between
Roca-Neyra and Chilhac).

3) The minimum durations for MNQ 16b and MNQ 17b estimated
using the age difference between Les Etouaires/Roca-Neyra and
Chilhac/Senèze are respectively about 180 � 28 ka and
150 � 48 ka.

4) The last Early Villafranchian biozone is MNQ 16b (equivalent to
Montopoli FU, Azzaroli et al., 1988). It was recently proposed to
include this biozone in the middle Villafranchian (Rook and
Martinez-Navarro, 2010). We suggest that in France, the tran-
sition between MNQ 16 and MNQ 17 is the Roca-Neyra local
fauna (i.e. 2.60 � 0.02 Ma, Late MNQ 16b) which includes the
last occurrence of typical Early Villafranchian taxa but also the
first occurrence of more evolved taxa such as E. stenonis in
France. The age we obtained for this site agrees with the esti-
mate of the Montopoli FU at the transition between Gauss/
Matuyama (i.e. 2.59 Ma, Azzaroli, 1995), the official newly
defined PlioceneePleistocene boundary (Gibbard et al., 2010).

5) The Pardines site is found interstratified within the debris av-
alanches from the Perrier plateau. As these volcanic avalanches
emplaced within few tens of ka (Pastre, 2004a) the age of this
site is probably just slightly younger than 2.60 Ma (i.e. the age
of the Roca-Neyra site, Fig. 7) but older than Saint-Vallier ac-
cording to the faunal assemblages from both sites (Guérin et al.,
2004) (Fig. 7).

6) We estimate the age of the MNQ 17a biozone (Saint-Vallier FU)
as spanning between 2.60 and 2.36 Ma (i.e. between Roca-
Neyra and Chilhac). Several large-mammal paleofaunas such
as La Rochelambert, Saint Vidal (Heintz et al., 1974) have similar
faunal assemblages to Saint-Vallier (Guérin et al., 2004) and are
probably close in age (Fig. 7). This implies that the age of Saint-
vallier may be ca. 2.5 Ma, rather older than previously
estimated.

7) The transitionbetween theMiddle and the LateVillafranchian is
usually associated with the MNQ 18 faunal assemblage (i.e.
Torre et al., 2001; Palombo and Valli, 2004; Rook andMartínez-
Navarro, 2010). This transition should nowbeplaced close to the
Reunion subchron as suggested by the ages we obtained for
Senèze rather than at the beginning of or just below the Olduvai
subchron (Rook andMartinez-Navarro, 2010). Our hypothesis is
coherent with the ages of the Fonelas P-1 and La Puebla de
Valverde faunas (both MNQ 18 for Sinusía et al., 2004; Arribas
et al., 2009), both dated using paleomagnetism between La
Reunion subchron and the beginning of the Olduvai subchron
(ie. 2.13� 0.05Ma to 1.98� 0.05Ma, Horng et al., 2002) (Fig. 7).
These sites are the oldest Late Villafranchian local faunas in
Spain and reinforce ourhypothesis of an early age for theMiddle
to Late Villafranchian transition in Southwestern Europe.

8) TheMNQ 18/MNQ 19 transition age is more difficult to estimate
based on available data but is probably located above the
Olduvai subchron as suggested by position of the Tasso FU in
the Valdarno basin (MNQ 19 equivalent, see Palombo and Valli,
2004) (see Fig. 7). The few fossiliferous sites that could be
ascribed to MNQ 19 in France and the lack of many typical Late
Villafranchian taxa (e.g. Lycaon falconeri) in France make the
correlation between French and Italian sites difficult. The age
we obtained for the Creux de Peyrolles considered as the type
locality of the MNQ 19 biozone (Guérin, 1996) is much younger
than the Olduvai/Matuyama transition but also younger than
the Lézignan fauna (1.58� 0.01 Ma, Crochet et al., 2009). This is
however a minimum age for Lézignan, which could in fact be
assigned to either biozone MNQ 18 or 19. Despite the current
uncertainties, we favor a limit around 1.7 to 1.6 Ma for theMNQ
18/MNQ 19 boundary in France (Fig. 7).
7. Timing of paleoenvironmental and faunal changes in
France

In light of our new biochronological framework, it is possible to
discuss the timing of the paleoenvironmental and faunal changes in
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France between the Late Pliocene and the Gelasian (Early
Pleistocene).

7.1. 3.0e2.6 Ma (Late Pliocene, Early Villafranchian)

During the Late Pliocene the global temperature gradually
dropped and is associated with an increases of the glacial activity in
the northern hemisphere (i.e. Haug et al., 2005; Raymo et al., 2006;
Lisiecki and Raymo, 2007). During this period in France, in agree-
ment with the fauna from Perrier-Les Etouaires (2.78 � 0.02 Ma), it
seems that the warm and humid forest habitat had already
decreased. The presence of several taxa (G. borbonica, Leptobos
elatus and L. bravardi) considered as inhabiting open-lands and the
appearance of large deer Cervus perrieri and middle sized Pseudo-
dama clearly show that various types of savannah has existed but
probably there was also woodland habitat nearby (Kahlke et al.,
2011) as suggested by the presence of Dicerorhinus jeanvireti and
Zygolophodon borsoni both present in fauna at Les Etouaires
(Palombo and Valli, 2004).

7.2. 2.6e2.5 Ma (PlioceneePleistocene transition period)

This period is recorded in the faunal assemblages of Roca-Neyra
and Pardines, characterized by the appearance of new bovids (i.e.
Gazellospira torticornis) and the widespread G. borbonica, the
occurrence of E. stenonis as well as of very large size grazers such as
Mammuthus meridionalis. Overall, the faunal assemblages from this
period clearly underline the increasing importance of large grazers
in the faunal assemblages and therefore the general decrease of
woodlands area even if forest-dwelling taxa are still widespread
(i.e. Eucladoceros). Overall, it seems that the faunal assemblages
reacted in France rapidly to the environmental changes driven by
the cooling of Western Europe that correspond to the onset of the
Northern Hemisphere glaciation between 2.6 and 2.7 Ma (Raymo
et al., 2006; Lisiecki and Raymo, 2007). This period is marked by
the first real glacial periods that generated the Greenland ice sheet
and eventually let to a complete glaciation during the cold stages
sometimes between 2.6 and 2.5 Ma (i.e. Raymo et al., 2006;
Solgaard et al., 2011).

7.3. 2.5 and w2.2 Ma (Early Pleistocene, Middle Villafranchian)

Mammalian paleofaunas of this interval in France emphasized
the rapid increase of the number of taxa indicating open habitats
(i.e. savannah prairies and tree savannah). The paleoenvironmental
change is indicated by the high diversity of bovids (Leptobos, Gal-
logoral, Gazella.) as well as growing abundance of Equus. The
spread of pack hunter canids in particular the genus Canis found in
Saint-Vallier and Chilhac, shows that they took advantage of these
new open habitats. If Mammuthus meridionalis was able to survive
the woodland habitat disappearance, Anancus arvernenis did not as
is last occurrence in France was in Chilhac (i.e. 2.36 � 0.04 Ma). It is
worth mentioning that the first trace of Homo genus in Africa is
dated back to about 2.4 Ma therefore during the MNQ17 biozone
(Fig. 7) as testified by the well-dated fossil “KNM-BC1” (Hill et al.,
1992; Deino and Hill, 2001) among others.

7.4. 2.20e2.00 Ma (Middle/Late Villafranchian boundary)

Despite the persistence of a few middle Villafranchian taxa,
other taxa such as Anancus, Gazella all disappeared in France
(Heintz, 1971). The presence of Canis arnensis as well as many large
size grazers including Cervidae (i.e. Croizetoceros ramosus minor,
Eucladoceros ctenoides ctenoides), as well as numerous Bovidae
(i.e. Leptobos furtivus, Gallogoral meneghinii, Procamptoceras),
Equidae (i.e. Allohipus stenonis senezensis; E. stehlini); Rhinocer-
otidae (Dicerorhinus etruscus etruscus) along with a large diversity
of Carnivora (Canidae, Ursidae, Hyaenidae and Felidae) (see Delson
et al., 2006) suggest predominantly open habitats as well as patches
of open forests. Furthermore, at Senèze, palynological data suggest
that forest in this area is essentially mesothermophilic, indicative of
temperate conditions (Delson et al., 2006). Predominantly open
habitats (open and tree savannah) with a similar faunal assemblage
are also found in other sites from Southwest Europe during the
same period (i.e. 2.2 and 2.0 Ma) such as in central Italy (Costa San
Giacomo, Bellucci et al., 2012) and Spain (Fonelas P-1, Arribas et al.,
2009). One may notice that however that several carnivores origi-
nating from Asia and Africa are not found in Senèze site such as
Pachycrocuta brevirostris and Panthera gombaszoegensis are not
found at senèze bu do occur around 2.0 Ma in Italy and/or Spain.
This suggests that these species may have migrated further south,
following the Mediterranean coastlines and only later north when
the conditions were right for them. The site of Puebla de Valverde
(Spain) considered previously as MNQ 17 (Kurten and Crusafont,
1977; Guérin et al., 2004) was recently dated using paleomagnet-
ism between 2.14 and 1.95 Ma (Sinusìa et al., 2004), therefore close
in age to Senèze and Fonelas P-1. Incidentally the faunal assemblage
in this site presents striking similarities with Senèze as first noticed
by Sinusia et al. (2004) and essentially because of the presence of
Sus strozzii, Libralces, Procamptoceras, and Canis but no Anancus.

Numerous sites in southwestern Europe between the Reunion
subchron and the base of the Olduvai (i.e. 2.15 and 1.98 Ma), that
they all record several dispersal events from Asia and Africa and
that faunal assemblage show predominantly various open habitats
and temperate forest. It seems therefore, that these general eco-
logical conditions were widespread along a large band of land
around the Mediterranean realm. Such conditions are favorable to
the Homo genus settlement and close to those described for
Dmanisi (Lordkipanidze et al., 2007; Messager et al., 2010). These
paleoenvironmental conditions occurred in southwestern Europe
at least 200 ka before the first sign of Homo in Eurasia (i.e 1.85 to
1.76 Ma, see Ferring et al., 2011; Messager et al., 2011).

8. Conclusions

We obtained ten 40Ar/39Ar ages on five remarkable paleofaunas
from the French Massif Central. We confirmed and refined the
stratigraphic position of these sites, namely, Les Etouaires (Lower
MNQ 16b ¼ 2.78 � 0.02 Ma); Roca-Neyra (Upper MNQ
16b ¼ 2.60 � 0.02 Ma); Chilhac (MNQ 17b < 2.36 � 0.04 Ma);
Senèze (MNQ18 between 2.21 and 2.09 � 0.02 Ma); Creux de
Peyrolles (MNQ 19 ¼ 1.47 � 0.01 Ma). Thanks to the new anchors
we provided here, we built a numerical based chronology for the
French biostratigraphic scheme covering the period between 2.8
and 2.0 Ma. Several important conclusions are drawn about the
ages and boundaries of the French biozones based on our study:

- Les Etouaires faunal assemblage is older than the previously
estimated (i.e. 2.78� 0.02 Ma) and the MNQ 16a/16b transition
is older than this age.

- The transition between MNQ 16 and MNQ 17 coincides with
the Roca-Neyra mammalian local paleofauna dated around
2.60 � 0.02 Ma and is almost synchronous to the official Plio-
cene/Pleistocene boundary.

- The maximum duration of biozones MNQ 16b, MNQ 17a and
b are estimated to 180 � 28 ka, 240 � 48 ka and 150 � 48 ka
respectively.

- The transition MNQ 17/18 is older than previously thought in
France as suggested by the 40Ar/39Ar ages obtained for Senèze.
This transition would be dated between 2.35 and 2.08 Ma.
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- The Creux de Peyrolles mammalian paleofauna age (MNQ 19
stratotype) is 1.47 � 0.01 Ma, older than previously reported.

The general picture of the evolution of the paleoenvironmental
conditions in France inferred from the large mammal fossil records
and using the numerical framework we built shows that:

- Woodland habitat prevailing during the Pliocene already star-
ted to significantly disappear around 2.8 Ma in France, replaced
by different types of savannah habitats.

- An important loss of woodland occurs in France between 2.6
and 2.5 Ma in France driven by the general climatic cooling
following the onset of Northern Hemisphere glaciations.

- That the period between 2.5 and 2.2 Ma displays a rapid
increase of open habitats (open or tree savannah with wood-
land relics)

- Favorable condition for Homo, namely prevailing open habitat
(open savannah, prairies and open woodland) was widespread
in southwestern France and along the Mediterranean realm at
least since 2.1 Ma well before teh first occurence of Homo in
Eurasia.

- The arrival of several taxa originated from both Asia and Africa
betweenw2.2 and 2.0Ma suggests dispersal events into France
and the Southwestern Europe in general well before the Old-
uvai subchron but without any sign of Homo “fellow travelers”.
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