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ABSTRACT: Improvements in the knowledge of Middle to Late Pleistocene terrestrial stratigraphy in the Romagna and Emilia Apennine
foothills and new studies on the underlying marine yellow sand deposits have led to reconsider the taxonomy of a fossil bison neurocranium found in the “Sabbie gialle” layers of the Salita di Oriolo quarry, near Faenza in the late 1980s. The skull fragment, erroneously associated in the past with a southern mammoth (Mammuthus meridionalis) skull found in the same large quarry some distance away from it,
was identified as Bison aff. schoetensacki. Reanalysis of morphometric traits and comparison with other fossil material questions this interpretation and suggests a re-positioning of the Oriolo bison among the primitive Bison (Eobison) forms of the Late Villafranchian, before the
end of the Early Pleistocene.
To test the consistency of the new assignment, an updated review of all available regional and local stratigraphic data is here presented.
Original and new field data are focused in view of a more precise dating of the top layers of the marine Blue Clay (Argille Azzurre) Fm
underlying the “Sabbie gialle” (Yellow sand) and of a closer correlation of the different cyclic sand bodies. The outcome is that the bison
skull was dug about 25 m below the Mammuthus meridionalis, and both mammals were buried into different depositional cycles separated
by unconformities. While the mammoth remain was emplaced sometimes after the Matuyama/Brunhes reversal and may therefore be assigned to the Middle Pleistocene, the bison is definitely older, and might actually be correlated with a late Early Pleistocene Sicilian age not
far from the Jaramillo subchron, which is the present target of field research.
Keywords: late Lower and Middle Pleistocene, marine biostratigraphy, large mammals, cyclostratigraphy, magnetostratigraphy.

1. INTRODUCTION
The classic lithostratigraphy of the Plio-Pleistocene
foothills of the Northern Apennines, dating back to
Leonardo da Vinci (1452-1519), Jacopo Bartolomeo
Beccari (1682-1766), Giambattista Brocchi (1772-1826),
and Giuseppe Scarabelli (1820-1905) to whom we owe
the traditional marine formation names of Argille Azzurre
(Blue Clay),” Sabbie gialle” (Yellow sand), and the recognition of terraced alluvial deposits (see also Selli,
1949a, 1949b, 1962; Ruggieri, 1944; Ruggieri & Selli,
1949-1950, Azzaroli & Berzi, 1970, Vai, 1988), has been
articulated and improved in the last century with the
addition of a sequential approach, which resulted crucial
in understanding the marginal environment (“Sabbie
gialle”) and even more the continental (terraced) deposits. In spite of this, some problems remain unresolved.
This paper proposes an updated taxonomic and
chronological position of the bison skull from the
“Sabbie gialle” of the Salita di Oriolo quarry (Masini et
al., 1995), and contributes to improving the stratigraphic
framework of the Imola Sands (Amorosi et al., 1998a,
1998b), as well as discussing some results recently
published in a paper by Muttoni et al. (2011).
2. PREVIOUS STUDIES AND STRATIGRAPHY OF
“SABBIE GIALLE” IN THE IMOLA-FAENZA FOOTHILLS
An increasing use of a sequential approach (Ricci
Lucchi, 1982; Vai 1984, 1988; Marabini et al., 1987a,
1987b; Farabegoli, 1985; Farabegoli & Onorevoli, 1991;

Farabegoli et al., 1999; Marabini & Vai, 1995; Marabini
et al., 1996; Amorosi et al., 1998a, 1998b; Capozzi &
Picotti, 2003) was postulated also by the tectonic pulses
(both compressional and extensional) which have affected at different times the various parts of the foothills
due to the outward migration of the Apennine chain
(Castellarin & Vai, 1986, Vai & Castellarin, 1992, Picotti
& Pazzaglia, 2008, Picotti et al., 2009). In this frame,
Ricci Lucchi (1982) first introduced a sequential framework separating marine (Qm) from mainly continental
(Qc) sequences (Fig. 1).
Later on, Vai (1984, 1988) and Marabini et al.
(1987a, 1987b) emphasized the basic difference between regressive yellow sand (conformably closing the
gradual shallowing of the blue clay depositional environment) and transgressive yellow sand bodies
(unconformably representing deposits of mono- or polycyclic climatically-driven temporary marine ingressions
over the uplifting foothill area as already stated by Selli,
1949a, 1949b and Ruggieri, 1944). An additional distinction was made between yellow sand bodies, marked by
cold biotas alternating within the upper Blue Clay (AA)
Fm, and yellow sand bodies with warm subtropical biotas characteristic of the transgressive yellow sand cluster (Marabini et al. 1996). Two different types of midrank cyclicity were singled out in the Plio-Pleistocene
deposits of the Apennine foothills separating thrust-top
and foreland basins.
The shallower thrust-top front-Apennine basins,
characterized by three main recurrent Arctica islandica
horizons (Fig. 1), are bio-climatically controlled and
punctuated by cold peaks within the Santernian, Emilian,
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Fig. 1 - Lithostratigraphic correlation on a sequential frame tied to geological time, Romagna Apennine foothills.

and Sicilian Mediterranean regional substages (with
apparent 400 ka eccentricity forcing at about MIS 64, 38
-36, 22).The first Arctica horizon is developed in clayey
facies, part of the second and the third in sandy facies,
indicating gradual basin shallowing and infill (Blue Clay
regression). Another type of cyclicity is suggested by
four main marine sandy bodies intercalated into and
topping the Blue Clay (AA) Fm (Fig. 1). They are
roughly dated around 1.3-1.2 (MIS 38-36), 1.05 (MIS
30), 0.88 (MIS 22), and 0.75 (MIS 19-17) (Vai 1995, p.
173; Marabini et al. 1996, p. 272). The first and third
overlap with Arctica islandica horizons, consistently with
climatically-induced marginal sea-level dropping in a
frame of dominating 40 ka obliquity forcing (Fig. 1). The
fourth instead is provided with warm flora and fauna,
suggesting deposition during one or two high sea-level
stands of 100 ka eccentricity forcing. The sand bodies
appear roughly punctuated by c. 200 and 100 ka recurrence time and were involved in terminal outer Apennine
folding phases (Vai, 1995, p. 173; Marabini et al., 1996,
p. 272) (Fig. 1). Both types of lithologic and faunal
cyclicity are much better developed in the coeval marginal Sicily basins (Catalano et al. 1997).
The deeper foreland basin presents less or no
sand bodies inside the Blue Clay (AA) Fm.
A lithostratigraphic formalization (Imola Sands) and
subdivision, required for official geological mapping
purposes and suitable for the Castel S. Pietro to Imola
area and the related southern Po Plain core 239-S1,

was established by the Emilia-Romagna geological survey (Amorosi et al., 1998a, 1998b; Benini et al., 2009).
This lithostratigraphy is intimately tied in to a simplified
sequence frame. However, both litho- and sequencestratigraphic frames are not straightforwardly correlated
outside the Imola type area, even in the close wellstudied Faenza area, and increasing correlation uncertainty is found outside the foredeep-foreland basin in the
nearby thrust-top basins (see also Amorosi et al. 1998b,
fig. 6).
Basic tools for dating the “Sabbie gialle” have relied
upon large mammals and leaves, foraminifera and
nannoflora, and palaeomagnetic inversions. Continental
faunas and leaves that flooded into the coastal sands
prompted a Villafranchian (equivalent to Calabrian) age
(Scarabelli 1849, 1881) which basically continues into
the present age assignment (Azzaroli & Berzi, 1970,
Masini et al., 1995, 2013; Masini & Sala, 2007, Ferretti,
1999). In spite of warnings about uncertainty in collecting sites and strata and repeated suggestions that fossils at hand from both past centuries could derive from
quite different horizons and rock bodies (Vai, 1984,
1988; Marabini et al., 1996; Torre et al., 1996), vertebrate palaeontologists have steadily assumed the occurrence of a unique yellow sand Oriolo fauna of dubious
and quite debated late Villafranchian - or possibly early
Galerian age (Masini et al., 1995) (Fig. 1).
Foraminifera and nannoflora are useful in dating
the top of the Blue Clay (AA) Fm and clayey marine
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Fig. 2 - Chronological correlation of the Salita di Oriolo and M. Coralli sections in the Faenza area

intercalations within the overlying transitional sand bodies. Unlike biostratigraphic dating of the 1980s, at the
end of the century it became clear that, as in the Marche
area, also in the Po Plain-Adriatic foreland basin continuous Blue Clay sedimentation reached the late Sicilian, above the Jaramillo chron, thus placing the Imola
Sands (and other “Sabbie gialle”) already within the
Middle Pleistocene (Marabini et al., 1996, p. 272; Amorosi et al.,1998b, Figs 1, 17).
Reliable magnetostratigraphic sections of reasonable length have been published only by Marabini et al.,
(1996), Muttoni et al., (2011) - both for the Imola-Faenza
foreland basin - and by Gunderson et al. (2014) for the
front-Apennine thrust-top basin in the western part of
the Northern Apennine foothills, beyond the Po Plain
deep core 239-S1 also studied by Muttoni et al. (2011).
This is mirrored by the lesser thickness and shallower
facies of the Blue Clay Fm (AA) in the thrust-top basins
and by earlier regression and basin infill, when compared with the Imola-Faenza basin. An older (~ 100 ka)
magnetostratigraphic age of the Sabbie di Imola in
Gunderson et al. (2014, fig. 12) vs Muttoni et al. (2011,
fig. 2) was expected based on the same earlier regression in the western foothills. However, this raises a
problem for both lithostratigraphic and chronological
correlations.
The last two paragraphs above may suggest that
the Imola Sands can be diachronous, as can be expected for any lithostratigraphic unit. But also that not all
marine yellow sand bodies nearby must have the same
age (and pertain to the same sequence/cycle of the

.

Imola Sands). Only independent and integrated dating
tools along with complete and articulated sections can
provide reliable answers as to the age of individual sand
bodies. Within this approach, we try to investigate the
stratigraphic significance of the bison skull from Salita di
Oriolo quarry, which was found detached from the remaining skeletal bones and transported by a flood into
the marine littoral environment.
3. NEW FIELD DATA ON SOME “SABBIE GIALLE”
SECTIONS S OF FAENZA
We examined three quite long “Sabbie gialle” sections S of the city of Faenza, the two best exposed and
well-studied in the past decades, Salita di Oriolo quarry
(Marabini et al., 1987a, 1987b; Vai, 1988, Marabini et
al., 1996) and Monte Coralli trench (not yet published
except for some information in Amorosi et al. (1998a,
1998b) and Vaiani (2000) and unfortunately too superficial to provide magnetostratigraphic response) (Fig. 2),
and a new unstudied section from the Falcona quarry, a
presently abandoned quarry with well-preserved walls
that could be preserved as geosite with good potential
also for further studies.
All three sections are strictly part of the same structural-stratigraphic domain, the Imola- Faenza foreland
basin. All are composed by two dominantly sandy marine cycles bounded in outcrop by unconformity surfaces. Notice that “Two thick sandy layers separated by
a muddy interval” were emphasized as the “Milazzian”
basinward equivalents of the “Sabbie gialle” in the Po
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Fig. 3 - The skull of the Salita di Oriolo bison in dorsal (a), nuchal (b) and lateral (c) views (maximum width 63 cm).
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Plain subsurface studied by Selli (1949) in many boreholes. Taken together, the two cycles unconformably
overlay regressive sandy pelites and mud at the top of
the more tectonically deformed Blue Clay (AA) Fm, and
are in turn overlain by Middle Pleistocene mainly pelitic
partly pedogenic terrestrial deposits.
The two cycles, though more or less yellow and
sandy, exhibit common differences in the three sections
that are related to lithology, and both litho- and biofacies. The lower (I) cycle (Fig. 2) contains some lenticular
gravel lags and many thin muddy beds intercalated inside the sand, suggesting alternation of littoral and lagoonal/bay environment with relevant fluvial activity, as
indicated also by some layers rich in well-preserved
diverse floated leaves accumulation (Martinetto & Sami,
2001). Large mammal fragments are present with juvenile rhinoceros jawbones. The upper (II) cycle (Fig. 2) is
more monotonously dominated by medium to coarse
well-sorted littoral sand, suggesting a more stable and
wider foreshore environment and a dryer climate. If we
assume that the two “Sabbie gialle” cycles have, at least
partly, an orbital climatic forcing (Farabegoli &
Onorevoli, 1991), their individual duration might overlap
with one or two obliquity 40 ka intervals (especially the
lower) or an eccentricity 100 ka interval (especially the
upper cycle) including the erosional-depositional time
gap.
The Salita di Oriolo section (Fig. 2) is the only out
of the three that has provided reliable magnetostratigraphic results (all samples of the other two proved to
be remagnetized). As a result, the I cycle is dominantly
magnetically reversed and the II cycle is magnetically
normal. According to Marabini et al. (1996) top samples
of the Blue Clay (AA) Fm and the lower one of the first
“Sabbie gialle” cycle are reversed. One single normal
sample follows (CSA 3), which in turn is overlain by a
reversed interval up to near the top of the first “Sabbie
gialle” cycle (CSA 4 to 13). The last sample of the lower
(I) cycle and the first of the upper (II) cycle instead are
normal. These data have been discussed in detail by
Marabini et al. (1996, p. 267-270). The normal polarity
interval at the top of the cycle (nos. 15, 16) should represent the beginning of the Brunhes Chron (0.781 Ma).
In this case, the tiny wiggle (no. 3) could reflect the closest normal event recognized in the Matuyama Chron,
cryptochron Kamitsura (0.85, Champion et al., 1988;
0.90, Coe et al., 2004). Worthy to notice, two different
magnetostratigraphic campaign (1987 and 1993) have
shown a reverse to normal polarity pattern in the same
stratigraphic position of sample no. 3, about half a metre
beneath the unconformity surface separating the two
cycles. Alternatively, the no. 3 normal polarity interval is
too short to be taken as an evidence for the Jaramillo
Subchron (1.072 - 0.989). The Jaramillo Subchrone has
been detected in the Qm1 member of the AA Fm in
Section A by Muttoni et al. (2011, Fig. 2) not far from
Salita di Oriolo quarry. It consistently contains nannofossils of “the late Early Pleistocene part of Zone NN 19 (~
1.02 - 0.61 Ma). However, this small muddy - sandy
section is interrupted before reaching the “Sabbie gialle”.
The Monte Coralli section (Fig. 2), some 10 km W
of the Salita di Oriolo section and no longer exposed, is
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divided into four units by three main unconformity surfaces, all marking minor upward decrease in dip, especially the first and the third ones. The first unit exhibits a
transition from massive silty clay (Blue Clay Fm) to finely
bedded silty-sandy clay rich in gastropods (mainly Turritella layers) and bivalves. The “Sabbie gialle” lower (I)
cycle contains medium to fine grained foreshore sand
with thin clayey to pelitic alternations. The few basal
gravel lags are characterized by black-chert pebbles.
About 5° dip decrease occurs at the transition to the
overlying coastal, coarse-grained “Sabbie gialle” upper
(II) cycle, whose basal gravel lags contain common redchert pebbles. The “Sabbie gialle” cycle I is much thicker
in this section than in the Salita di Oriolo section, but
cycle II is correspondingly less, giving to the “Sabbie
gialle” a total thickness of about 48 m. The terrestrial
sandy loam topping the “Sabbie gialle” is distinctly pedogenic with black Mn nodules pervasively developed
beneath the present-day land soil (Fig. 2).
The Falcona quarry section, quite close to the M.
Coralli one, has the great advantage of duplicating most
of the features of the Monte Coralli section, and also
represents a well-exposed potential “Sabbie gialle” geosite. Above the two “Sabbie gialle” cycles, the following
units were preliminary observed: fluvial deposits of the
Olmatello Fm; heavily pedogenic alluvial plain deposits
rich in gilgai periglacial calcic palaeosols (Marabini et al.
1987); and possibly Late Pleistocene alluvial plain deposits with reddish palaeosols (Rubinato et al., 2013).
These units can be traced physically down to the terrestrial deposits of the alluvial fan belt in the Faenza sector
of the eastern Po Plain extensively excavated by pipelines, quarries and wells in the last decades.
More generally, the different yellow sand bodies
are variously involved in regional tectonics as shown in
relevant changes in both thickness and facies sequence
(Castellarin & Vai, 1986, Vai, 1989, Vai & Castellarin,
1993). Both “Sabbie gialle” cycles in the Imola-Faenza
foreland basin show modest angular unconformity at the
base, consistent with vertical uplift tectonics and likely
faster uplift rate after the second sandy cycle (Fig. 2).
Earlier sand bodies within the upper part of the AA Fm
have been hit by the latest Early Pleistocene (sensu
GTS 2002) tectonic phase (Fig. 1), as shown for the
Faenza foothills (by the Tombe-Persolino minor anticline
in the Rio Janna and Monte Piano area (Marabini et al.,
1996), and more prominently in the S. Mamante section
with bed dips over 45° (Farabegoli & Onorevoli, 1991,
Farabegoli et al., 1997) not far away from the MontoneForlì fault zone. Accurate dating of the sand bodies and
encasing mudstones is critical to unravel the age of transition from folding (usually occurring still in subacqueous
conditions) to uplift (leading to stable emersion) for the
different Pleistocene basins of the Emilia-Romagna foothills, and the related yellow sand bodies.
4. THE SALITA DI ORIOLO BISON SKULL
The neurocranium, preserved at the Civic Natural
History Museum of Faenza, was recovered in 1989 by
M. Diversi and M. Sami at the Salita di Oriolo quarry,
near Faenza (Marabini et al., 1987), one year after the
discovery of the mammoth l at the same site.
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Table 1 - (1) Least distance between the horn core tips, (2) Greatest tangential distance between the outer curves of the horn cores, (3)
Length of the horn core upper side, (4) Length of horn core lower side, (5) Taut length (chord) of the horn core, (6) Horn core basal circumference, (7) Least (dorso-basal) diameter of the horn core base, (8) Least (oro-aboral) diameter of the horn core base, (9) Narrowness
index of the horn core base, 7÷8 x 100, (10) Greatest breadth of the occipital condyles, (11) Height of the foramen magnum.

The fossil land mammals of Oriolo all flooded into
marine waters were studied in the 1990’s, when the
museum’s paleontological collection was completely
revised. Back then the neurocranium was identified as
Bison aff. schoetensacki with more primitive features
than Bison schoetensacki from Isernia La Pineta (Masini
et al., 1995). However, recent geological researches on
Quaternary yellow sands have brought about the need
of reconsidering this interpretation by re-examining the
fossil bison (Fig. 3).
4.1. DESCRIPTION AND MEASUREMENTS (Tab. 1)
The bison find from Salita di Oriolo consists only of
the neurocranium. The skull fragment is partially preserved; the left side is slightly more damaged than the
right. The horn cores are rather short with a somewhat
dorso-ventrally compressed cross section and are lightly
furrowed longitudinally. Directed laterally and posteriorly
at the base, they then bend slightly downwards in ventral direction and curve finally upwards, only to terminate
with a rounded tip. This detail can be clearly observed
from the right horn core, as the left horn core tip is missing. The frontal bone is quite flat and broken in the orbital region. Only the upper margin of the right orbit is
preserved revealing rather tubular shaped orbits. The
frontal suture is partially fused and extends from the
parietal roof down to the level of the supraorbital sulcus.
The partial fusion of the frontal suture along with the
well-developed horn cores indicate that the specimen
was most likely a young-adult.
In aboral view, the parietal roof shows a triangular
protrusion which culminates in a highly prominent infra-

temporal bridge. The parietal and temporal crests form
a strongly acute angle. The occiput has a trapezoidal,
though incomplete, profile. The left condyle is slightly
damaged and the left mastoid process as well as both
paroccipital processes are missing.
4.2. MAMMAL TAXONOMY, BIOSTRATIGRAPHY,
EVOLUTION AND DISPERSAL INTO THE ITALIAN
PENINSULA
Given that the Oriolo specimen likely belonged to
a young-adult, the relatively small size of the neurocranium sets it apart from Bison menneri, which, according
to Sher (1997), is characterized by a very large body
size. Though the discovery of a complete skull of B.
menneri has been reported from the site of Untermassfeld (Kahlke, 2009), no measurements are yet available
for comparison; however, the picture of the cranium
published by Kahlke (2009) seems to display evolved
features commonly found in the subgenus Bison. Likewise, comparison with the cranial cast of the Taubach
Bison priscus and others fragmented ls from
Settepolesini di Bondeno, housed at the ‘Piero Leonardi’ Palaeontological Museum of the University of
Ferrara, confirms the more primitive origin of the Oriolo
bison. In fact, the B. priscus skull appears much larger
and heavier built and differs from the Oriolo specimen
in that the horn cores are sub-circular and curve readily
upwards and the occipit has a rounded arch-like profile
as well as a more drawn-back position of the frontal
bone.
Unfortunately, biometric measurements had to be
taken principally on horn cores, as most of the com-
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parative material was poorly preserved and lacked of
substantial cranial portions. Though biometry proved
difficult and the results were meagre, it seems evident
that the size range of the Oriolo neurocranium does not
overlap with that of any other species. This is consistent
with the results of morphological comparison. Considerable differences separate the Oriolo bison from Bison
voigtstedtensis and Bison schoetensacki. These principally concern the occipital region, which is wider and
more compressed, almost sub-circular, in both B.
voigtstedtensis and B. schoetensacki, and the horn
cores, which are shorter and directed obliquely backwards in B. voigtstedtensis displaying an array of different morphological characters, being more swollen at the
base, less curved and tapering quickly upwards. By
contrast, the horn cores of the Oriolo bison form an angle of approximately 90 degrees with the frontal plane
and curve outwards and slightly downwards before
pointing upwards, resembling quite closely those of
Bison (Eobison) tamanensis, especially in the marked
dorso-ventral flatness of the base.
Other striking similarities are to be noted with the
subgenus Bison (Eobison), in particular the deep infratemporal fossae and high occiput. These two features
are present in Bison (Eobison) palaeosinensis(Teilhard
de Chardin & Piveteau, 1930) and in the younger Bison
(Eobison) degiulii Masini 1989. Though, in the latter the
constriction between the occipital region and the parieto
-frontals is narrower and the occipital region is smaller
(Masini et al., 2013). Direct comparison with the holotype of Bison (Eobison) degiulii Masini 1989, temporarily
preserved at the Natural Science department of the
University of Firenze, enabled these observations. As
opposed to B. (Eobison) degiulii, the Oriolo specimen
also shows a less swollen forehead and a broader occipital region. Moreover, in B. (Eobison) degiulii the infratemporal fossae are narrower and more elliptical.
Thus, these features of the Oriolo bison seem to indicate a younger age than that of B. (Eobison) degiulii of
the Pirro FU, which is ascribable to the late Villafranchian, before the end of the Early Pleistocene (Fig. 1).
The genus Bison makes its appearance in the Italian peninsula during the late Early Pleistocene, late
Villafranchian, with Bison (Eobison) degiulii, first recorded in the karstic fissure fillings of Pirro Nord, at the
western border of the Gargano peninsula (De Giuli et
al., 1986). This species occurs also in the Italian fossil
record of the late Villafranchian (sensu Gliozzi et al.,
1997, Masini & Sala, 2007) in various areas, such as
the Mugello and Upper Valdarno basins and at Capena,
near Rome (Masini, 1989).
The use of the subgenus Eobison was proposed
by Flerov (1975, 1979), who decided to group together,
on the basis of fossil evidence, all the small lightly built
primitive bison forms of the Early Pleistocene. These
include several species, like Bison tamanensis Vereshchagin, 1957 (Taman peninsula, Russia), Bison palaeosinensis Teilhard & Pivetau, 1930 (Nihowan,
China), Bison sivalensis Lydekker, 1876 (Siwalik, Pakistan), Bison degiulii Masini 1989 (Pirro Nord, Italy) and
the Bison sp. of Venta Micena (Spain). According to
Bukhsianidze (2005), the remains of Dmanisibos
georgicus Vekua 1995, renamed Bison (Eobison)
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georgicus, represent the oldest known bison record in
Europe, suggesting that the genus originated from
Leptobos as far back as the middle to late Villafranchian transition, but Masini et al. (2013) prefer to take
this classification cautiously.
Other bison remains, assigned to the subgenus
Bison (Eobison) (Moyà-Solà, 1987), were unearthed in
the Iberian peninsula, at the site of Venta Micena,
which, according to recent comparative studies based
on the faunal assemblage (Martínez-Navarro et al.,
2011), could be slightly younger than Dmanisi with an
estimated age around 1.5-1.6 Ma. However, the scantiness and poor preservation of these remains do not
allow a secure classification.
The earliest representative of the true bison in
Europe (the subgenus Bison) is Bison menneri, which
is well-attested in the fossil-rich epi-Villafranchian (early
Galerian for the Italian biochronology) fluvial sediments
of Untermassfeld. Its large and long-legged structure,
probably an adaptation to woodland habitats (Sher,
1997), makes it the biggest known European fossil
bison.
During the Middle Pleistocene, new bison forms
enter the Italian fossil record. Bison schoetensacki, is
attested in the fossiliferous breccia of Slivia (Ambrosetti
et al., 1979) and is believed to belong to the same lineage of Bison schoetensacki voigtstedtensis (Fischer,
1965), though Flerov (1975) considers it a distinct species. The progressive climatic decline and the arrival of
the steppe bison, Bison priscus, during the Late
Galerian, determined the extinction of B. schoetensacki
from the Italian peninsula.
In this framework, the peculiar mixture of bisontine
characters of the Oriolo neurocranium makes it a
unique find within the Italian Early Pleistocene fossil
record. Indeed, biometrical and morphological comparison with other cranial remains of Early and Middle
Pleistocene bison species does not allow definitive
species identification, but accounts for important evolutionary changes in morphology. The trapezoidal profile
of the occipit and the narrow constriction between the
occipital bone and the parietal roof recall primitive features, similar to those of Bison (Eobison) degiulii, while
the marked flatness of the horn cores, regarded as a
distinctive character among early bison forms, resembles that of Bison tamanensis. The latter is believed to
be the oldest European bison, that appeared in Eastern
Europe at the end of the Villafranchian (Flerov, 1979).
Yet, in her recent work, Vislobokova (2008) correlates
the Tamanian faunal assemblage with the early Galerian of Western Europe, specifically with the Colle Curti
and Untermassfeld local faunal assemblages, assigning the Tamanian bison to the subgenus Bison. Whatever the opinion of the various authors on the subgenus of the Tamanian bison, the morphological features
of the Oriolo specimen are comparable to those exhibited by the Bison (Eobison) fossil species of the late
Villafranchian. Yet, the high occipital region and in particular the broader infra-temporal bridge of the Oriolo
neurocranium are probably advanced characters that
indicate a younger age than that of B. (Eobison)
degiulii.
In conclusion, revision of the taxonomic classifica-
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Fig. 4 - The westernmost part of Salita di Oriolo quarry in 1988 (photo by M. Sami). White star (top right) indicates the projected stratigraphic position of the Elephas (Mammuthus) meridionalis skull found in the eastern part of the quarry; geologists are extracting remains
of a juvenile Rhinoceros from the sand; the digging place of the Bison skull is the whitish outcrop just behind the red van. See Fig. 2 for the
relative stratigraphic position of the large mammal bones.

tion of the bison neurocranium of Oriolo adds new elements to our knowledge of the early bison forms that
inhabited the Italian peninsula.
Biometrical and morphological comparisons suggest a strong affinity with Bison (Eobison) fossil species,
that are to be observed in the marked flatness of the
horn cores near the base, the trapezoidal profile of the
occipital region, the deep infra-temporal fossae and the
notably constricted infra-temporal bridge. However,
certain morphological features such as the high occipital
region and broader infra-temporal bridge appear to be
more evolved than in B. (Eobison) degiulii, implying an
age younger than that of the Pirro FU, that falls nonetheless within the late Villafranchian upper boundary
(Fig. 1). It is hard to admit the coeval presence of two
bisons of different subgenera in Northern Italy and Central Europe given that the faunal composition in Northeastern Italy throughout the whole Quaternary comprises species of Central European provenience, in
opposition to those of the Ligurian-Tyrrhenian versant
and of Southern Italy. Thus, the Oriolo bison, which for
its morphology is assigned to the Eobison subgenus,
should be older than Bison menneri from Untermassfeld, which belongs to the subgenus Bison and can be
roughly correlated with MIS 31.
5. GENERAL STRATIGRAPHIC DISCUSSION
The new taxonomic assignment of the Salita di
Oriolo skull to Bison (Eobison) sp. as opposed to its
previous identification as Bison aff. schoetensacki

(Masini, 1989, Masini et al., 1995), implies an age of
the lower “Sabbie gialle” cycle (from which it was supposed to come from till now by many authors) possibly
older than previously thought. This applies if the large
mammal biochronology of central and northern Europe,
as presently known, may be assumed to be reliable
also for southern Europe. To correctly answer this
question (1) the sampling position of the bison in the
Salita section must be clarified, and (2) an integrated
critical review of the most relevant dating sources of
deposits in the Imola-Faenza “Sabbie gialle” basin
needs to be performed.
At the end of quarrying activities in the mid-1990s
the Salita di Oriolo quarry was buried under tens of m
of residual detritus, except for a minor lateral wall of
sand and mudstone still exposed up to 2 to 3 m of
thickness in the deepest (and stratigraphically oldest)
westernmost part of the abandoned quarry, where a
small farm lake was excavated. What is left today of
these beds was sampled recently by Muttoni et al.
(2011, fig. 2, section D) and proved to pertain to a reverse palaeomagnetic interval, but was mistakenly
placed by these researchers on top of the littoral
“Yellow Sand” containing Mammuthus meridionalis
according to Marabini et al. (1996, fig. 4). To restore a
less fanciful and more reliable stratigraphy of the Salita
section, we have reviewed all our original field data
from 1987 to 1993 to better constrain the sampling
position of the large mammals (Masini, 1989, Masini et
al., 1995, Ferretti, 1999).
The updated stratigraphic column of the Salita di
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Fig. 5 - Western end of the Salita di Oriolo quarry in 1987 (photo by G.B. Vai). Main unconformities separating the two marine “Sabbie
gialle” cycles, and the gilgai rich terrestrial deposits on top are shown. Again, white star (top right) indicates the projected stratigraphic
position of the Elephas (Mammuthus) meridionalis skull found in the eastern part of the quarry.

Fig. 6 - Digging the Elephas (Mammuthus) meridionalis skull at the western end of Salita di Oriolo quarry in 1987 (photo by G.B. Vai). An
umbrella and a white star indicate the digging and stratigraphic place of the Elephas near the top of “Sabbie gialle” cycle II, at an altitude
equivalent to the nearby country home roof (about 110 m a.s.l.).
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Fig. 7 - Tracing the Salita di Oriolo section from East to West across the quarry in 1987 (photo by G.B. Vai). Two main unconfomities are
shown. The lower separates the marine “Sabbie gialle” II cycle heavily rubefacted on top and gently dipping 9°-10° to NE from the overlying almost flat terrestrial gilgai-rich deposits, in turn deeply incised by Late Pleistocene fluvial deposits (upper unconformity). Lighter coloured layer on top is a detrital nappe artefact.

Oriolo quarry (Fig. 2) basically repeats descriptions and
figures given by Marabini et al., 1987a, 1987b; Vai,
1988, Marabini et al., 1996. New features are:
(1) the downward extension of the column to incorporate data from an exploration trench of 1988; (2) the
revised sampling position of the Bison skull in the
stratigraphically lowermost trench of the quarry,
possibly in the deepest sandy body available to exploitation; it follows that the Bison was emplaced at
the top of the Argille Azzurre Fm;
(3) the replacement of the bison, drawn in wrong position in the column of Marabini et al., 1996 (fig. 4),
with a juvenile rhinoceros’ jawbone (found by amateurs who mistakenly held that it had been excavated at about the same level of the bison). Slides
taken in 1988 clearly show the sampling place of
Bison and Rhinoceros in the western part of the
quarry (Fig. 4), and the sandy layer yielding the
Mammuthus skull at about 150 metres to the E
(Figs. 5, 6, 7, 8);
(4) the two unconformities separating the lower regressive sands (“Sabbie gialle” I cycle) from the upper
transgressive littoral sands (“Sabbie gialle” II cycle),
and in turn these “Sabbie gialle” from the uppermost
terrestrial deposits are clearly though slightly angular
(especially the upper one) (Fig. 3, 5);
(5) the terrestrial deposits on top of the Salita di Oriolo
section are now better correlated to the periglacial
gilgai deposits (suoli a cuspidi e depressioni in
Marabini et al. 1987a, p. 33) (Fig. 5, 7) rather than to
the Olmatello Fm (Vai, 1984, Marabini et al., 1996),

which instead is probably present on top of the
Falcona section.
According to Amorosi et al. (1998a, p. 86) and
Vaiani (2000), clays and silts of the uppermost Argille
Azzurre (AA) Fm based on strontium isotope stratigraphy are associated with a latest Early Pleistocene (or
Sicilian) age (Qm1 marine sequence); the following
transitional to marine (Qm2) sequence has an earliest
Middle Pleistocene (or ‘Ionian’) age (Fig. 1). Their biostratigraphic analyses, though consistent with the
above dating, have not provided marker fossils of
closer resolution. However, a top Sicilian age for the
uppermost AA Fm in the Faenza sections is supported
by three peaks of “northern guests” in the Romagna
Apennines (Marabini et al., 1996, p. 271; Vai, 1995, p.
173) which correlate with the three northern mollusc
migrations in Sicily (Raffi 1986). Note, however, the
quite different ages given by various authors to the top
of the Sicilian substage (see f.e. Amorosi et al., 1998b,
fig. 4), waiting for a formal definition of the ‘Ionian’
GSSP (Fig. 1).
Even more important are the new biostratigraphic
data in Muttoni et al., 2011 (tab. 1), which report
Gephyrocapsa sp. 3 from their lower C section (that is
correlated with the IMO 1 member of the Imola Sands)
suggesting deposition during late Early-Middle Pleistocene part of Zone NN19 (about 1.02-0.61 Ma) that is
latest Sicilian to early ‘Ionian’.
It should be pointed out that all such isotopic and
faunal dating elements derive from clayey intercalations in pure muddy or partly sandy AA Fm that always
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underlie our “Sabbie gialle” first sandy cycle, except for section C which indeed could
perhaps overlap our first sandy cycle.
To sum up, revised original field data
definitely show that the Mammuthus skull of
the Salita di Oriolo quarry was excavated
from sands lying stratigraphically about 25
m higher than the revised Bison L and
some 150 m East of it (Fig. 8).
New stratigraphic evidence more
firmly supports an early Middle Pleistocene
age of the “Sabbie gialle” cycle II in the
Faenza foothills yielding a Mammuthus
meridionalis skull. The underlying “Sabbie
gialle” cycle I is best correlated with the
upper part of the Matuyama reversed
chron, most probably above the Jaramillo
subchron.
As the layers containing the Bison
sand body have resulted also to be reversed (Marabini et al. 1996, Muttoni et al.,
2011), it follows that the skull might actually
correlate with an Early Pleistocene Sicilian
age slightly younger or slightly older than
the Jaramillo subchron.
To clarify this uncertainty further investigations are advocated for detecting the
Jaramillo subchron in the thick, better exposed Faenza sections, showing transition
from Blue Clay (Argille Azzurre) Fm to Yellow sand bodies, as the Falcona and
equivalent sections.
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