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Abstract. A multiproxy study of the lignite-bearing lacustrine sequence cropping out at Castel San Pietro
(CSP) (Rieti, central Italy) provides new insights on the paleoenvironmental evolution of an extensional basin,

located on the Tyrrhenian side of the Apennine range. The CSP fossiliferous levels reflect deposition in a stable

lacustrine environment. Mammal remains collected from this locality during the past centuries include Stephano-

rhinus etruscus, Anancus arvernensis and the beaver Castor fiber. The co-existence of the Etruscan rhinoceros and the
mastodont suggests a middle Villafranchian age (Montopoli or Coste San Giacomo Faunal Unit) for the lignite
beds of CSP. New paleoflora findings are in agreement with an attribution to the Piacenzian or Gelasian age for
these deposits whilst the presence of the ostracod Qinghaicypris cf. Q. rigjensis suggests a time interval from Zan-
clean to Gelasian (between ~4.5 and ~1.8 Ma). Accordingly, the lignite beds of CSP most likely were deposited
during the Gelasian (from ca. 2.5 to 1.8 Ma; from Montopoli to Coste San Giacomo FUs or possibly to Olivola

FU) in forested area and warm and humid conditions.

INTRODUCTION

During the Neogene-Quaternary transition
climatic changes heavily affected flora and fauna in
EBurasia. In correspondence of glacial-interglacial
alternation linked to the onset of Northern Hemi-
sphere Glaciation (NHG; ~2.7 Ma) (Salzmann et
al. 2011; Dowsett et al. 2013; Haywood et al. 2013;
Woodard et al. 2014), seasonality amplified and in
Western Eurasia climates became generally drier
and cooler (e.g., Joannin et al. 2007; Combourieu-
Nebout et al. 2015). At the same time, Northern
Europe was characterized by increasing aridity and
more intense seasonality that caused a gradual re-
placement of the Neogene forests by tundra-like
vegetation (Bredenkamp et al. 2002; Popescu et al.
2010). Also in northern Italy, this event corresponds
to a local disappearance of woody plant taxa living
in warm temperate and humid conditions (Marti-
netto et al. 2015). Paleoenvironments from central
Italy allow us to assess the responses of flora and
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fauna to climatic fluctuations in the central Medi-
terranean area (Petronio et al. 2011). Among other
localities, the non-marine deposits of the Rieti Ba-
sin and middle Tiber valley of central Italy provide
a notably preserved terrestrial record of continen-
tal and shallow marine conditions during the late
Pliocene-Early Pleistocene (Mancini et al. 2007;
Barisone et al. 2014). However, the chronological
age (Gelasian or Calabrian) of these deposits is still
debated among the researchers (see Cosentino &
Fubelli 2008; Mancini et al. 2008) due to the absen-
ce of significant fossil records. Among the sites lo-
cated along the middle Tiber valley, that of Castel
San Pietro (CSP) is potentially very interesting for
the presence of lignite beds containing large mam-
mal remains and gastropods recorded during the
end of the 1800% and the first half of the 1900’
(Tuccimei 1889a, 1889b, 1891; Maxia 1949). CSP
site corresponds to an old mine used for extraction
of lignite beds in a thick clay succession located at
42°15'58"N, 12°43'04"E and 295 m a.s.l.

Accordingly, the CSP lignite beds are here in-
vestigated in order to:
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Fig. 1 - A) Location map of the Castel San Petro lignite mine. B) Lignite beds (black arrows) cropping out at Castel San Pietro site.

(1) revaluate the chronological position of
the CSP deposits; (2) combine sedimentologi-
cal data and the autecology of fauna and flora
in order to reconstruct the paleoenvironment
in the CSP area; (3) increase the knowledge of
the Early Pleistocene of central Italy along the
Tyrrhenian side of central Apennines.

GEOLOGICAL SETTING AND STRATIGRAPHY

The fossiliferous deposits of CSP are loca-
ted on the Tyrrhenian side of the central Apen-
nines, 50 km NE of Rome, and are developed
in a small area situated at the confluence of the
middle valley of the Tiber River and the Rie-
ti Basin (Fig. 1A). The latter is an extensional

tectono-sedimentary basin developed since the
Pliocene and related to the extensional tecto-
nics that affect the Apennine chain (Funiciello
& Parotto 1978; Faccenna et al. 1996). The final
emplacement of these tectonic units was follo-
wed by regional uplift, that formed graben-type
depressions generally parallel to the thrust fronts
under prevailing NE-SE extensions (Cavinato &
De Celles 1999).

The basin-fill succession unconformably
overlying the bedrock has been recently descri-
bed within a project of the Italian National In-
stitute for Environmental Protection and Rese-
arch (ISPRA); the unit was grouped into three
synthems: Paleo-Farfa Synthem (late Pliocene-
Gelasian), Rieti Basin Supersynthem and Farfa
River Supersynthem (Middle Pleistocene-Late

Fig. 2 - Fruit assemblages from CSP site, UMS, Italy, showing shape and size variation. A) Potamogeton cf. P. polymophus, MGPT-PU105148. B)
Schoenoplectus isolepioides, MGPT-PU105151. Scale bars = 0.5 mm.



Lower Pleistocene lignite beds of Castel San Pietro (Rieti, Central Italy) 337

Fig. 3 - Carpological remains from
CSP site, UMS, Italy. A)
Actinidia  faveolata, — dam-
aged seed seen from both
sides, ~MGPT-PU105154.
B, C) Decodon globosus seeds,
MGPT-PU105155, MGPT-
PU105156. D, E) Potamogeton
cf.  polymophus, endocarps,
MGPT-PU105149, MGPT-
PU105150. E G) Schoeno-
Pplectus  isolepioides, achenes,
MGPT-PU105152, MGPT-
PU105153. H) Liriodendron
geminata, compressed fruit
base with the pair of seeds
well visible inside, seen
from both sides, MGPT-
PU105157. 1) Liriodendron
geminata  seed from both
sides, ~MGPT-PU105158.
)) cf. Ewurya seed with at-
tached organic material and
fragments of another seed,
seen from both sides, MG-
PT-PU105159. K) Prerocarya
limburgensis, split endocarp
(damaged) seen from the
external and internal side,
MGPT-PU105160. L) Prero-
carya  limburgensis  complete
endocarp seen from both
the flattened external sides,
MGPT-PU105161.

Scale bars, A-G = 0.5 mm,
H-J =1 mm, K-L. = 2 mm.

Pleistocene) (Cosentino et al. 2014). The Paleo-
Farfa Synthem is composed of several lithostra-
tigraphic units mainly linked to a fluvial envi-
ronment and its related settings. These units are,
from the oldest to the youngest, Fosso Canalic-
chio Unit, Cenciara Unit, and Montasola Unit
linked to slope and pedemontain areas; Ornaro
Basso Unit and Monteleone Sabino Unit (UMS)
related to a distal part of a fluvial area; and Tor-
re Baccelli Unit connected to a marginal marine
environment (Cosentino et al. 2014).

The fossiliferous CSP succession consists
of a clay deposit with lignite beds within UMS
(Fig. 1B). In particular, UMS is composed of sub-

horizontal beds of well-rounded, clast-supported

conglomerates, with coarse to medium calcareous
pebbles in a sandy matrix. Beds are up to 10 m
thick and are characterized by trough and planar
cross-bedding. There are also sandy-silty and clay
levels including lignite lenses. The UMS belongs to
a gravel-bed braided fluvial system, deposited in an
unstable environment. This environment was most
likely dominated by alluvial plain with presence of
stable lakes and ephemeral ponds (Cosentino et al.
2014; Barisone et al. 2014). In this study, we report
a new single section of about 1 meter thick clay
with lignite lenses cropping out along stream-cuts
near Castel San Pietro village.
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Taxon Part Substrate Growth form MAT Moisture |Ex/n |Nr. Total

water indicat. indicat. Samples [abundance

Actinidia faveolata seed m climber >(.7 <24 [MO ex 2 2
Alisma sp. fruit h herb u n 1 1
Alnus glutinosa -type fruit h tree, broad-leaved u n 3 6
Carex pendula -type fruit h herb u n 5 14
Carex subgen. Vignea fruit h herb u n 1 1
cf. Eurya seed m shrub? u ex 1 1
cf. Viscum fruit bract [m epiphyte u n 1 1
Cladium cf. paleomariscus fruit h tall herb u n 3 8
Decodon globosus seed h herb u ex 3 10
Liriodendron geminata seed m tree, broad-leaved >4 <22 MO ex 3 3
Pilea sp. fruit m/h herb >1.8 ex 1 1
Pinaceae indet. seed m tree u 1 1
Potamogeton cf. polymophus fruit a herb u n 2 66
Potamogeton sp. 2 fruit a herb u n 2 3
Potentilla pliocenica fruit m/h herb u n 1 1
Pterocarya limburgensis endocarp |m/h tree, broad-leaved >3.1 <22 [mo ex 2 4
Rubus cf. microspermus endocarp |m/h herb/shrub/climber  |u n 1 1
Schoenoplectus isolepioides fruit h herb u n 2 34
Solanum_cf. dulcamara seed m/h climber u n 1 1
Tilia sp. fruit m tree, broad-leaved u n 1 1

Tab. 1 - List of the taxa recorded from paleocarpological analyses. Substrate water requirement: a) aquatic, h) hygrophilous, m) mesic. MAT
(Mean Annual Temperature) indicators were obtained from Irace et al. (2017) and Martinetto et al. (2017), and synthetically expressed
by the boundary values, e.g.: >13 = distribution of Nearest Living Relatives (NLRs) mainly in areas where the MAT is > 13°C; <14 =
distribution of NLRs mainly in areas where the MAT is < 14°C; u) uncertain. Moisture indicators include: MO) typical elements of
“moist” climate, not tolerating a Mean Annual Precipitation < 1000 mm/y; mo: elements of “moist” climate, also tolerating a Mean
Annual Precipitation < 1000 mm/y; elements of “dry” climate are absent. Additional information about the modern distribution of

[}

the NRLs for each taxon is reported in the column “ex/n”, where “ex” means “exotic” (extra-European), “n” native.

MATERIAL AND METHODS

Several samples were collected from the CSP site and were
analysed for paleontological content. Unfortunately, the lignite mine
was abandoned during the beginning of the second half of the 1900’s;
accordingly, the new samples were collected from the cropping out
lignite beds; these may not be the same levels which yielded the large
mammal remains. We considered all samples as collected from the
same clay level. In total, more than 15 kg of sediment were soaked in
a H,0, 5% solution for 24 hours, sieved with a 0.125 mm-mesh sieve
and dried. Paleontological remains were handpicked under stereomi-
croscope and identified using the Nikon SMZ-U microscope. Ostra-
cod, mollusk and carpological remains were recognized. In addition,
valves of adult ostracods were studied using the Scanning Electron
Microscope in LIME laboratories of Universita di Roma TRE. The
ostracod material and gastropod shells are stored at the Gliozzi Ostra-
cod Collection (GOC), Department of Science, Universita degli Studi
di Roma Tre, mounts M354, M366 and M382. The carpological re-
mains are stored in the Department of Earth Science, Universita degli
Studi di Torino (MGPT-PU). Mammal remains from the CSP lignite
mine, have been collected during the first half of 1900%; the speci-
mens mentioned by Maxia (1949) are currently housed at the Museo
di Paleontologia, Sapienza, Universita di Roma (MPUR).

REsuULTS

Carpological remains

Mummified fruits and seeds were isolated
from five sediment samples (Figs 2, 3). The car-
pological assemblage is quantitatively dominated

by aquatic (Pofamogeton: Fig. 2A) and/or emergent
aquatic/hygrophilous (Carex pendula-type, Cladium,
Decodon, Schoenoplectus: Fig. 2B) plants. These in-
dicate a waterlogged environment with shallow
freshwater, mostly covered by dense vegetation (as
also indicated by lignite accumulation). The woo-
dy plant component is documented by the possibly
autochthonous (due to complete delicate infructe-
scences found in four out of five samples) hygro-
philous tree .A/nus and by a few wind-transported
(Lzriodendron, Pterocarya, Tilia) or animal-transported
(Actinidia, cf. Eurya, Rubus) disseminules originating
from mesophytic environments (Fig, 3; Tab. 1).

Mollusks

Tuccimei (1889a) reports a list of fourteen
species of mollusks (eleven gastropods and th-
ree bivalves) collected in CSP lignite mine: “He/ix
(Macularia) vermicularia, Helix (Tachea) sabina, Cary-
chinm minimum, Ancylus (Velletia) lacustris, 1ymnaea
(Gulnaria) auricularia, Planorbis (Spirodiscus) cornens [=
Planorbarius cornens), Planorbis (Gyraulus) rossmaessleri
(= Gyraulus rossmaessleri), Bythinia tentaculata, 1 ivipa-
ra ampullacea, Valvata piscinalis, Valvata bronni, Unio
batavus, Anodonta cfr. bronni, Pisidium amnicuns’. In
a second publication of the same year Tuccimei
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Fig. 4 - Mollusks from CSP site,
UMS, Italy. A) Planorbis pla-
norbis M382/1/3. B) Cary-
chinm tridentatum, M382/3/2.
C) Planla sp., M382/1/2.
D) Bithynia sp. operculum,
M382/2/2. E) Viviparus sp.,
M382/3/1. ¥) _Acanthinula
aculeata, M382/1/1. G) Vit
rea sp., M382/2/3.

Scale bar = 1 mm.

Fig. 5 - Ostracods from CSP, UMS,
Italy. A-G) Qinghaicypris ct. Q.
rigjensis. A - Lateral view of a
left female valve, M366/1/1.
B - Lateral view of a left juve-
nile female valve, M366/1/3.
C - Lateral inner view of a
right juvenile female valve,
M366/1/2. D - Lateral inner
view of a left juvenile female
valve, M366/1/3, illustrated
in B. E - Lateral external view
of a right juvenile female val-
ve, M366/1/2, illustrated in
C. F - Detail of central mu-
scle scars in inner view of a
left female valve, M366/1/1,
illustrated in A. G - Detail of
central muscle scars in inner
view of a left juvenile female
valve, M366/1/3, illustrated
in B.

Scale bars = 100 pm, upper
one for A-E and lower one
for F-G.

(1889b), mentioned the presence in the same site
of another gastropod species “Glandina lunensis’.
Following Esu & Girotti (1975), the freshwater ga-
stropod Planorbarins cornu heriacensis is present at CSP
(specimen of the coll. Tuccimei, MPUR, Museo di
Paleontologia Universita Sapienza di Roma); howe-
ver, the bad preservation of the single available spe-
cimen does not allow a specific attribution.

A poor non-marine mollusk assemblage,
mainly composed of fragmentary specimens, has
been recovered from the new samples collected at
CSP succession (Fig. 4). The poor preservation of
the shells prevented the identification to the species
level for many specimens. Fight taxa of freshwa-
ter and terrestrial gastropods have been recognized:
Viviparus sp. (apex), opercula of Bithynia sp., Ancylus

[fluviatilis, Planorbis planorbis, Carychium ct. tridentatum,
Platyla sp., Acanthinula aculeata and Vitrea sp. (Fig. 4).
Among the taxa reported by Tuccimei (1889a, b),
only four genera 7viparus, Bithynia, Ancylus and Ca-
rychium (but not the same species) have been recor-
ded from the studied fossiliferous layers.

Ostracods

Ostracods are scarce and fragmentary in the
material from CSP site (Fig. 5). The entire ostracod
association is composed by fragmented valves of
Ilyocyprididae and few valves of Candoninae juve-
niles. Ilyocyprididae species present all characters of
the genus Qinghaicypris, revised by Yang et al. (2004)
and by Rodriguez-Lazaro & Martin-Rubio (2005)
(Fig. 5). Species assignment is difficult due to the
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Fig. 6 - Mammal remains collected
at Castel San Pietro lignite
mine housed at MPUR; his-
torical collection. A) Frag-
mentary tusk of _Anancus
arvernensis. B) Damaged low-
er molar of Anancus arvernen-
sis. C) Fragmentary mandible
with dp3s of juvenile Stepha-
norbinus etruscus.

Scale bar = 5 cm for A-B; 2
cm for C.

scarcity of material but the comparisons permitted
to assign the ostracod material to Qinghaicypris ct. Q.
rigjensis (Fig. 5). Its presence in the CSP site repre-
sents the first record of this species in Italy.

Mammals

Mammal remains from the lignite mine
of CSP have been collected since the end of the
1800s. Tuccimei (1889a, 1889b, 1898) reported the
presence of Rbhinoceros etruscus (recte Stephanorhinus
etruscus, see Pandolfi et al. 2015), Cervus sp. (= Cer-
vidae indet., Petronio et al. 2002), Bos sp. (= Leptobos
sp., Petronio et al. 2002) and Castor fiber. Unfortu-
nately, a lot of the specimens recorded by Tuccimei
(1889a, 1889b) were stored at the Istituto Tecnico
di Poggio Mirteto and were destroyed during World
War IT (A. Banchelli, pers. comm. December 2015),
whilst remains of C. fiber were housed at Istituto
Sant’Apollinare at Rome, but have never been re-
vised. Barisone et al. (2006) assigned the beaver
specimens figured by Tuccimei (1891: PL 'V, fig. 2-3)
to Castor fiber plicidens, but this assighment is doubt-
ful. According to Tuccimei (1898), some remains of
cervids, and probably also bovids and rhinoceroses
were stored at the Istituto Sant’Apollinare in Rome
(Tuccimei 1898), but they seem to be currently inac-
cessible (visit by T.K and L..P)). Scant and fragmen-
tary remains of Hippopotamus from the surroundings
of Castel San Pietro have been cited by Meli (1882),
and later reported by Tuccimei (1891). Itis unclear if
they have been collected from the lignite mine. The
location of these remains is currently unknown and
they have been probably lost. With respect to other
specimens (except C. fiber), only two teeth (lower
molars) of rhinoceros were figured in occlusal view

by Tuccimei (1891: PL IX, figs. 3-4). Accordingly,
these remains cannot be evaluated for an accurate
taxonomic identification. Maxia (1949) recorded
the occurrence of Anancus arvernensis and S. etruscus
from the lignite beds of CSP. The specimens col-
lected by Maxia (1949) are housed at MPUR and in-
clude a fragmentary mandible, part of a lower molar
and fragments of tusk of a mastodon (Fig. 6A-B)
and a fragment of a rhinoceros mandible with two
deciduous teeth (Fig. 6C; Pandolfi et al. 2015: fig.
3B). A fragmentary mandible of Tapirus arvernensis
housed at MPUR was usually supposed to derive
from CSP suggesting a Pliocene age for the locality
of the discovery (Azzaroli 1980; Kotsakis 19806). A
careful analysis of the fossil records of tapir in Italy
and the cross check of several bibliographic sources
revealed that this tapir specimen was instead discov-
ered at Spoleto (Pandolfi & Kotsakis 2017).

DiscussioN

Biochronology

According to Pandolfi and Marra (2015) and
Pandolfi et al. (2016), the first occurrence of Stepha-
norhinus etruscus in Italy is at the Pliocene-Pleistocene
transition, during the Montopoli FU (= Faunal
Unit). This species occurred in Italy during the
whole of the Early Pleistocene (Pandolfi & Marra
2015; Pandolfi et al. 20106; Pandolfi & Erten, 2017).
The mastodon Anancus arvernensis is recorded during
the Pliocene and the Farly Pleistocene in Italy. The
species is documented at Villafranca d’Asti, Monto-
poli, Coste San Giacomo and several other locali-
ties (among others Sismonda 1851; Tuccimei 1891;
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Capellini 1907; Gliozzi et al. 1997; Petronio et al.
2011; Bellucci et al. 2012), spanning from Triversa
to Coste San Giacomo FUs. Fossil evidence sug-
gests that 4. arvernensis became extinct at the begin-
ning of the late Villafranchian, Olivola FU (Palom-
bo et al. 2002; Palombo & Ferretti 2005; Rook &
Martinez-Navarro 2010). However, Zanchetta &
Mazza (1996) reported a fragmentary skeleton of
A. arvernensis at Monte Castello (Lower Valdarno,
Pisa), suggesting an age close to the Gelasian-Ca-
labrian transition and Rook et al. (2013) did not ex-
clude the presence of the mastodon in the Olivola
FU based on uncertain stratigraphic provenance of
some fossils collected in the Upper Valdarno Basin.
The importance given by Tuccimei (1899a, 1891) to
the beaver as a biochronological marker is now dis-
carded (Barisone et al. 2000). Remains of Bovidae,
Cervidae and PHippopotamidae from CSP (Meli
1882; Tuccimei 1889a, 1889b, 1891, 1898) were not
figured or described and it is impossible to give a
precise systematic attribution for these taxa.

Accordingly, the coexistence of A. arvernen-
sis and S. etruscus at Castel San Pietro suggests an
age for this site spanning from Montopoli to Coste
San Giacomo FUs (Eatly Pleistocene), although a
slightly younger age (Olivola FU) cannot be ruled
out.

The same age is suggested by the carpologi-
cal remains. From the biochronological point of
view, the relevant occurrences are those of several
Neogene taxa that got extinct in Europe during the
Pliocene and Pleistocene: Actinidia faveolata, Decodon
globosus, cf. Eurya, Liriodendron geminata, Potentilla plio-
cenica, Pterocarya limburgensis, and Schoenoplectus isolepi-
oides. Among these, Schoenoplectus isolepioides has so
far been detected only in the Piacenzian (Irace et al.
2017), whereas Actinidia faveolata is rarely reported
also in the Gelasian (Tiglian), even in central Eu-
rope. An important finding is represented by cf.
Eurya, a seed type similar to Eurya stigmosa. This
species is common in the Zanclean, and rare in the
Piacenzian, and the last occurrence is represented
by a single seed in a layer (AD3) of the Arda section
(Emilia-Romagna, northern Italy; Martinetto et al.
2015). This layer was assigned to the Gelasian (Mar-
tinetto et al. 2015), even if recent studies suggest
an attribution to the Calabrian (Crippa et al. 2016;
Monesi et al. 2016). The seed found in CSP is surely
related to Exrya but the cell pattern looks different
from that of Ewrya stigmosa, and further research is

needed to clarify the possible relations to other gen-
era of the Pentaphylaceae (I77snea?), a family that
was very common in FEurope during the Eocene-
Miocene, but got extinct in the late Cenozoic, with
a single species (1/zsnea mocanera) persisting on the
Canary Islands (Weitzman et al. 2004).

At the present state, when considering that
central Italy was certainly a refuge area for humid
thermophilous plants in the Pliocene-Pleistocene
(Martinetto 2001; Martinetto et al. 2017), the indi-
cations of the CSP paleoflora are for a Piacenzian
or Gelasian age.

These data are in agreement with palyno-
morphs found in a section 500 meters southwest
of the Torre Baccelli power plant (~ 1 km south-
western of CSP), consisting of silts and clayey silts
comprised in UMS. These palynomorphs consist
of several elements that persist in central Italy un-
til the Gelasian (Barisone et al. 2014), in particu-
lar Symplocos, Nyssa and tricolpate Hamamelidaceae
(Hamamelis, Distylinm). Fruit findings would be re-
quired to assess if the type of Symplocos document-
ed by pollen may belong to Symplocos sect. Lodhra,
a member of the “humid thermophilous plant taxa
of East Asian affinity” group defined by Martinetto
et al. (2017), which is otherwise missing in the CSP
deposits. This group is characteristic of the Zan-
clean-Piacenzian in northern Italy and the rest of
Europe, whereas it is reported after the Northern
Hemisphere Glaciation starting (~2.7 Ma) only in
central Italy, where it probably found a humid and
mild refuge to overcome the cooling and precipi-
tation decrease occurred during this event. Actu-
ally, the presence of several Neogene taxa (Actznidia
faveolata, cf. Eurya, Potentilla pliocenica, Schoenoplectus
isolepioides) in central Italy is a typical feature of Pia-
cenzian and Gelasian sites (see Martinetto 2001;
Martinetto et al. 2014).

The ostracod genus Qinghazcypris is distribut-
ed from the early Messinian of Baccinello-Cinigia-
no Basin (Tuscany, central Italy) (Ligios 2009; Li-
gios et al. 2012) to the Early Pleistocene (Gelasian)
of southern Europe and China (Rodriguez-Lazaro
& Martin-Rubio, 2005). In particular Q. rigjensis is
surely described from Pliocene (Piacenzian) depos-
its of the Ebro Basin (northern Spain) (Rodriguez-
Lazaro & Martin-Rubio 2005) and Paludinian Beds
(Lower and post-Paludinian Beds) of Serbia (Krsti¢
20006). Recent revision of Neogene and Quater-
nary deposits of Lake Slavonia (mainly Croatia
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and Serbia) permits to define that Lower to post-
Paludinian beds to Cernikian corresponding to a
time interval from Zanclean to Gelasian (between
~4.5 and ~1.8 Ma) (Mandic et al. 2015). Accord-
ingly, the presence of ostracod species related to
Qinghaicypris ct. Q. rigjensis in the CSP points to
a maximum age deposition within the Gelasian
(Rodriguez-Lazaro & Martin-Rubio 2005).

All the recorded mollusk species are wide
ranging during the Quaternary in Europe, includ-
ing Italy. At present, they are still extant in Europe
reaching West Asia, and, except for P. planorbis,
North Africa (Lozek 1964; Welter-Schultes 2012).

Paleoenvironmental and paleoecological
observations

Generally, woody plant taxa living in warm
temperate and humid conditions persisted in cen-
tral Italy until the end of the Gelasian (~1.8 Ma).
Only extreme glacial peaks affected central Italy
with development of steppe-like conditions, as
suggested by pollen data (Pontini & Bertini 2000;
Russo Ermolli et al. 2010; Petronio et al. 2011).
During the Early Pleistocene, high Mean Annual
Temperature (MAT) and Mean Annual Precipita-
tion (MAP), similar to those recorded during the
Zanclean, characterized the interglacial cycles in
central Italy, whilst during the glacial phases the
MAT and MAP were close to modern values (Ber-
tini 2000; Szabo et al. 2017).

Monteleone Sabino Unit (UMS) deposits
represent the upper part of Paleo-Farfa Synthem
along the Rieti Basin and its junction with the
middle Tiber valley. The main lithology of this
unit is related to fluvial deposition. Cosentino et
al. (2014) accurately described the facies variation
within UMS and devised a general southern drain-
age. The Paleo-Farfa river flowed in the opposite
direction compared to the current one, principally
in a braided plain dominated by coarse transport.
CSP lignite and fine-grained deposits can be asso-
ciated to lateral variations of this general setting.

Sedimentological analysis of the UMS shows
deposition on a floodplain separated by swamp
and lacustrine areas (Cosentino et al. 2014); the
CSP sequence was deposited in an environment
similar to the latter. Due to the presence of os-
tracods (Q. cf. Q. rigjensis), mollusks (1/zviparus
sp., Bithynia sp. |operculal, A. fluviatilis, P. planor-
bis), and freshwater macrophyte flora (Pofamaogeton,

Cladinm, Decodon, Schoenoplectus), we conclude that
the CSP site was occupied by a freshwater lake or
pond where lignite deposition was enhanced.

The occurrence in more than one sample of
Liriodendron, Pterocarya and Actinidia suggests that
these mesic to meso-hygrophilous plants grew not
far from the waterlogged sedimentary environ-
ment: it also rules out an hypothetical reworking
of their remains from older deposits. Conversely,
the ten taxa represented by single remains could
represent: 1) allochthonous plants the fruits/seeds
of which reached the lake due to episodic events;
2) rare autochthonous plants; 3) autochthonous
plants producing a few fruits/seeds.

Carpological remains suggest that the lig-
nite beds of the CSP section were deposited dur-
ing a humid and warm temperate climate interval,
while ostracod and mollusk remains suggest that
the lignite beds most probably were deposited in a
lacustrine-swampy environment characterized by
flowing waters. Among the mollusks, the fresh-
water A. fluviatilis lives in flowing waters and oc-
casionally on rocks in the marginal wash-zone of
lakes, requiring clear waters; [7viparus sp. and P.
planorbis inhabit all kinds of well-vegetated aquatic
habitats of lowland, such as slow rivers, lakes, and
closed ponds. P. planorbis, which is the most abun-
dant in the assemblage, prefers swampy environ-
ment liable to dry up periodically (Kerney 1999;
Welter-Schultes 2012). The terrestrial C. #ridenta-
tum, A. aculeata and Vitrea sp. are characteristic of
woods and damp grasslands or moderately moist
places, requiring permanent humid conditions
(Kerney & Cameron 1979; Welter-Schultes 2012).

The occurrence of the opercula only - with-
out shells - of the slow-moving freshwater Bizhy-
nia sp. points to a transport of the material.

The autoecological characteristics of Q.
rigjensis inferred by Rodriguez-Lazaro & Martin-
Rubio (2005) and by Krsti¢ (2006) indicate that
the fossil ostracod assemblage recovered in CSP
represents a thanatocoenosis in a stable lacustrine
environment.

The presence of A. arvernensis provides in-
formation supporting a humid climate with wood-
lands. Indeed, bunodont dentition of .A. arvernen-
sis suggests a browser feeding (leaves, fruits and
twings) (Kahlke et al. 2011). In addition, mastodon
walking-adaptation on soft soil implies a moist
forest habitat for this species (Rivals et al. 2015).
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According to Guérin (1980), S. efruscus was related
to humid climates and its hypsodonty was rather
similar to those of the extant Dicerorhinus sumatren-
sis and Rhinoceros sondaicus suggesting a similar diet.
According to Fortelius et al. (1993), S. efruscus was
a long-limbed rhinoceros browsing on vegetation
of intermediate height in predominantly open
habitats. The paleoecology of these mammal spe-
cies is in agreement with the paleoenvironment
inferred by the paleoflora.

CONCLUSIONS

The Pliocene-Lower Pleistocene of middle
Tiber valley and Rieti Basin deposits have been
the subject of several studies to determine their
age which is still under debate (see Mancini et al.
2007, 2008; Cosentino & Fubelli 2008).

New paleontological findings from the CSP
site, coupled with the previously reported and re-
studied mammalian fauna, point to an age refer-
able to the Gelasian (from Montopoli to Coste
San Giacomo FUs or possibly Olivola FU).

Fossil flora and fauna suggest deposition of
the CSP fossiliferous layers on a plain, which was
crossed by a low-energy channel system disjoint-
ed by lacustrine and swampy areas in a general
coarse-deposition fluvial system. The deciduous
and humidity-requiring woody plant taxa (Actin-
idia, Alnus, Liriodendron, Pterocarya) ot the CSP site
show that the Early Pleistocene (Gelasian) pa-
leoenvironment in central Italy was dominated by
a humid climate with forested areas as also testi-
fied by records from other localities (see Marti-
netto 2001; Martinetto et al. 2014).

The macroflora includes five definitely ex-
tinct species plus three possibly extinct species,
exclusively reported from Europe, and only three
uncertainly identified species (Alnus glutinosa-type,
Carex pendula-type, Solanum ct. dulcamara) that may
still grow today in the studied area. East Asia is
the only territory where the nearest living relatives
of all five extinct species still persist.

Paleoclimate and paleoenvironmental con-
ditions inferred from the CSP during the Early
Pleistocene confirm that the the climate at the
onset of NHG in the central Mediterranean was
more humid and temperate than in other parts of
Europe.
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