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1 The main changes in climate shown by the continental biohistorical events 
can also be recognized in marine sequences, thus providing a first basis for correla
tions. The most reliable correlation is between the dispersal event that marks the 
beginning of the Montopoli faunal unit (MN 16B; G 3) and the climatic change that 
occured at about 2.5 Ma. At this time foraminiferal oxygen isotopic records from many 
DSDP sites show a significant shift which is interpreted as representing an ice volume 
growth in the northern Hemisphere (Thunell and Williams, 1983). A sudden in- 
creas of ice rafted debris occurred in the North Atlantic and the North Pacific at 
2.4—2.5 Ma (Shackleton et al., 1984; Rea and Schrader, 1985). Relevant changes 
in the nannofossil assemblages are recorded round t he world. In a 0.2 —0.3 Ma inter
val all the Discoaster species faded out, except for D. brouweri, which remained as a 
rare species in the western Mediterranean (M ueller, 1978) and in northern Italy 
(Rio et al., 1982) after 2.5 Ma. The benthic foraminifers were also affected by a reduc
tion in diversity (S provieri, in press; Van der Z waan, 1983). The pollen analyses 
show a strongly marked change in vegetation, calibrated at abcut 2.3 Ma, which 
produced tundra-like flora in northern Europe (Praetiglian unit) and a steppe environ
ment in the Mediterranean region (P III—pollen zone) (Sue and Zagwijn, 1983; 
Zagwijn and Sue, 1983). As a matter of fact the Montcpoli faunal unit corresponds 
to the most arid phase in the Pliocene mammal sequence but this is not the only factor 
in correlation. Many other lines of evidence support the correlation with I he above 
mentioned biostratigraphic and paleoclimatic data. The Montopoli finds come from 
littoral deposits capping a marine sequence of the Globorota/ia crassaformis zone 
(D e G iuli et al., 1983); Lindsay et al. (1980) have placed the fossil site in a reverse 
magnetic polarity interval just above a section with normal polarity. Thus the transi
tion from the Gauss to the Matuyama epoch is very likely to be represented. In the 
Jucár valley (eastern Spain) the appearance of the Rincon 1 fauna, characterized by 
abundant Gazella borbonica and by a Montopoli-like largesize Equus, corresponds to 
a marked climatic deterioration evidenced by isotopic analysis in the lacustrine beds 
(Alberdi et al., 1982; Leone, 1985). In the Central Massive te Roca Neyra local fauna, 
which has provided the oldest record of Equus and the last record of Elipparion in 
France, has a K/Ar date of 2.5 Ma, according to Savage and Curtis (1970) or younger 
than 2.4 Ma date, according to Meng Hour, Cantagrel, de Goer de Herve and 
V incent (1982). In the Dutch Praetiglian an Equus sp. was collected together with 
Anancus arvernensis, Archidiskodon cf. gromovi and a deer cf. Eucladoceros falconeri, 
the latter being the most primitive species of this genus. In southern Russia the Ar
chidiskodon— Equus dispersal event marks the transition to the Khaprovian “com
plex”, typified by the finds of Kapry, near the Azov Sea, and of Livenwovka, near 
Rostov on the Don. The Russian authors placed this event at about 2.5 Ma (Schan-
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zer, 1982). ln the Indian subcontinent the arrival of Equus, along with Rhinoceros, 
Elephas hysudicus and Stegodon ins ignis, has been calibrated at the Gauss —Matuyama 
transition (Lindsay et al., 1980; Azzaroli and N apoleone, 1982). In conclusion, 
the correlation of the Montopoli faunal unit with the upper part of the G. crassaformis 
zone can be considered sufficiently established.

2 From the correlation of the Montopoli dispersal event with the shift in climate 
that occured at about the Gauss —Matuyama transition, it follows that the faunal 
change going on from the Perpignan to the Triversa unit (MN 15 — 16A;, G 1—2) 
is very probably connected with the climatic variation recorded at about 3.2 Ma. 
At this time an enrichment in 180 is observed at Site 132 (western Mediterranean) 
as well as in Atlantic and Pacific DSDP Sites. Thunell and W illiams (1983) have

Fig. 1. Plio—Pleistocene mammal units of Europe
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Fig. 2. Marine—continental stratigraphic framework of the Plio—Pleistocene of the Mediterranean 
area. Marine data from Colalongo et al. (1984)
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interpreted this datum to reflect a cooling event in surface waters. In Iceland, glacial 
deposits are dated approximately 3.1 Ma (McD ougall and Wensink, 3966). In the 
Mediterranean many bio-events are observed around 3.2 Ma. About 3 0% of the benthic 
foraminiferal species died out (S provieri, in press) and Globorotalis crassaformis 
immigrated together with Globorotalia bononiensis. These events were followed by 
the extinction of Sphaeroidinellopsis and Globoquardrina altispira. The correlation 
between the faunal change during the Perpignan unit resulting in the production of 
the Triversa fauna and the events observed in marine sequences at about 3.2 Ma is 
supported by several lines of evidence. The lacustrine beds around Villafranca d’Asti, 
where the Triversa finds were collected, represent the deposits of a shallow coastal 
lake. To the east, they change to a marine littoral facies capping a sandy clay section 
with Uvigerina cf. rutila nearby Valleandona (Colalongo et al., 1972). Lindsay et al., 
(1980) found a short normal polarity interval sandwiched between two reversed 
episodes at the Fornace RDB quarry, one of the typical Triversa fauna sites. They 
referred these episodes to the Kaena and Mammoth events. At Arcille (Grosseto, 
Italy), Mimomys polonicus, a typical rodent of the Triversa fauna, is present in a lig- 
nitic bed of a continental section overlying marine sediments referable to the Globoro
talia puncticulata zone. The Vialette fossil site has been dated by Bandet et al. (1978) 
at a K/Ar age close to 3.3 Ma and probably not younger than 2.6 Ma. At Les Etouaires 
Savage and Curtis (1970) reported a radiometric age of 3.4—3.5 Ma for an ash 
bed underlying the fossil bed but more recently M eng Hour et al. (1982) have pointed 
out that the fauna of this locality cannot be older than 2.6 Ma. All these elements 
make the correlation of the Triversa unit (MN 16A, G 2) with the lower part of the 
Globorotalia crassaformis zone very reliable. The local faunas of the Perpignan unit, 
which represent a period of climatic stress, may be correlated with an interval at 
about the transition between the Globorotalia puncticulata and G. crassaformis zones. 
The data on La Juliana (Murcia, Spain)are not in contrast with the present correlation. 
At this site lignitic marls with a rodent faunule, which can be ascribed to Perpignan 
unit, overlie marine beds with G. crassaformis and G. puncticulata (Montenat and 
D e Bruijn, 1976). According to these marine stratigraphical data the age of the La 
Juliana rodents is somewhat younger than might be expected but the difference could 
stem from the uncertainty of correlation. Alternatively, the rodents could be some
what retarded in this southernmost part c f Spain. In Val di Pugna (Siena), Alephis 
lyrix, the bovid found at the Perpignan site, was collected in sediments of the G. 
puncticulata zone. Sue (1982a, b), Sue and Cravatte (1982), Sue and Zagwijn 
(1983, 1984) have correlated the Languedoc and Roussillon local faunas of the Mont
pellier and Perpignan units with the interval defined by the Globorotalia margaritae 
and Sphaeroidinellopsis last occurrence on the grounds of the palynostratigraphies 
obtained from continental sections and from the Autan 1 and Garraf 1 boreholes 
( western Mediterranean). Thus the faunas of the Montpellier unit should be compres
sed within the G. puncticulata zone. This conclusion is also supported by the location 
of the mammal fossil sites in the regressive phase of the Pliocene marine cycle of the 
Rhone basin and in the overlying continental deposits (Ballesio, 1972). It is thus not 
possible to refer the Montpellier faunas of the Languedoc to the earliest Pliocene. 
Also the paleomagnetic data recorded in the Languedoc and Roussiffon sites are not 
in conflict with this stratigraphic conclusion. The mammal fossils that come from 
the upper lignitic complex of II Casino site (Siena) could be older than the Montpellier 
faunas but they have poor stratigraphic control: the only certainty is their position 
between gypsum beds, ascribed to the Messinian and Pliocene marine sediments of 
the G. puncticulata zone. The Baccinello V3 local fauna could represent the transition
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to Ruscinian fauna but its relationship to the marine stratigraphy is still undefined. 
The mammal fossils come from the upper part of continental deposits capped by ma
rine sediments with G. margaritae. At present it is not possible to tell whether these 
mammal finds are correlated with the late Messinian or with the earliest Pliocene.

3 As far as the mammal sequence following the Montopoli unit is concerned, 
*he Pliocene local faunas where correlation may be possible are Tegelen, Le Coupes 
and Chilhac. At Tegelen most fossils were collected by quarry workers in previout 
years and their stratigraphic location was not exactly recorded, but it seems that there 
are very few doubts about their provenance from the Tel —Tc6 interval of the Tiglian 
pollen unit (Zagwijng, 1974). Van Montfrans (1971) calibrated the Tiglian with 
the part of the Matuyama epoch that ranges from, about the oldest Reunion event to 
the Olduvai top. In the French Central Massif the bulk of the mammal finds of Le 
Coupet have an estimated age not older than 1.9 Ma, while the Chilhac fauna should 
not be younger than that age (Boeuf, 1983). The correlation of these two local faunas 
with the Tiglian pollen unit seems to be an obvious conclusion. Therefore it is in
directly inferred that the St. Vallier faunal unit is roughly correlated with the G/oboro- 
talia inflata zone. This statement is consistent with the fact that the appearance of 
G. inflata in the Mediterranean is correlated with the immigration of Sphaeroidinella 
dehiscens and Globorotalia truncatulinoides, showing the transition to a somewhat 
warmer climate (Zachariasse and Spaak, 1983). Evidence of a milder climate at this 
time have been also found in the Po basin (G asperi et al., 1982). The local faunas 
representing the late Villafranchian faunal interval have to be located between the 
Olduvai and Jaramillo events in the Matuyama magnetic epoch. The dispersal event 
that marks the beginning of the Olivola faunal unit could be correlated with the 
transition from the Tiglian to the Eburonian pollen-phase; but no direct climatic 
evidence is presently available to support this inferred correlation. If the hypothesis 
were right and the beginning of the Oli vola unit were so placed at the end of the Oldu
vai palaeomagnetic event, then it would be roughly correctable with the beginning 
of the Pleistocene as defined at the Vrica section (Calabria, Italy). The Soleihac site, 
where the mammal assemblage already has a main Galerian character, is calibrated 
at the Jaramillo event (Thouveny and Bonifay, 1984). The Sainzelles finds, which 
are correctable with the Tasso fauna or with a somewhat younger one, are located 
in a reverse magnetic interval underlying a basalt flow dated 1.3 — 1.4 Ma and resting 
on deposits with a normal polarity attributed to the Olduvai event (Thouveny and 
Bonifay, 1984). The Peyrolles, one of the local faunas, which mark the transition to 
the Galerian unit, has been very recently dated at about 1.2. Ma (Cantagrel et al., 
1985). The Imola (Po basin) and Pirro Nord (Apricena, Gargano) sites are surely 
younger than the Hyalinea baltica appearance in the Mediterranean.

4 During the Jaramillo paleomagnetic event the mammal faunas have already at
tained a predominant Middle Pleistocene feature. This is recognized in western 
Europe (Soleihac fauna) and in Central Asia. The Lakhuti 2 fauna of Tadjikistan is a 
Middle Pleistocene mammal assemblage with few late Villafranchian hold-overs 
(A zzaroli, 1983) and is situated by D odonov (1980) at the top of the Jaramillo. The 
local faunas of Slivia, in Italy, Voigtsted, Süssenborn and Stranska Skala 2, in central 
Europe, are even more modern-looking. The dispersal of Arvicola marks the beginning 
of a new faunal unit characterized by the classic faunas of Mauer and “Graunes” 
Mosbach and by the finds of the new site or Isernia La Pineta (central Italy). The 
“Graues” Mosbach site has been referred to the Brunhes paleomagnetic epoch but 
the Isernia fauna has been calibrated with the late Matuyama reserved epoch and is 
immediately overlain by volcanics dated to .73+.04 Ma and .73±.07 Ma by
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two different laboratories (Coltorti et al., 1982). Since the paleomagnetic and radio- 
metric dates of the Isernia fauna seem reliable, and assuming that Arvicola is a valid 
marker, the normal polarities observed at Stranska Skala 2 and Voigtsted cannot 
be referred to the Brunhes, as these sites should be older than Isernia. Their normal 
magnetic fields should correspond to the Jaramillo or possibly to minor fluctuations 
within the late Matuyama. The stratigraphic problems of the early Middle Pleistocene 
remain to be worked out: many local faunas must still be adequately dated. It is clear 
that the renewal of the mammal fauna was practically completed during the time 
between the Jaramillo and the beginning of the Brunhes normal epoch. The biogeo- 
graphic event that completed the faunal turnover must be correlated with the tran
sition to the glacial Pleistocene, in turn, indicated by a significant shift in the mean 
values of the oxygen isotopic records from DSDP Sites.
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