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RIASSUNTO - Dalla ‘compressione' (Pliocene Medio-Superiore) alla ‘distensione’ (Pleistocene Medio) nel Bacino Est-Tiberino: da
bacino ’sinforme‘ a bacino ‘estensionale’ nel versante tirrenico dell’Appennino settentrionale (ltalia centrale) - 1| Quaternario Italian
Joumnal of Quatemary Sciences , 10(2), 1997, 521-528 - Nel Bacino Est-Tiberino sono state riconosciute due distinte fasi evolutive plio-
pleistoceniche: durante la pil antica (Pliocene Inferiore Medio - Pleistocene Inferiore) si & sviluppato un bacino sinforme all'interno del
quale si aveva la deposizione di conoidi alluvionali ghiaiosi e sedimenti fluviali e lacustri. Tale bacino era delimitato ad ovest da una
scarpata generata dalla riattivazione del sovrascorrimento dei M.Martani. La fase pili recente (Pleistocene Medio-Superiore) & caratte-
rizzata da varie unita terrazzate deposte all'interno di un graben delimitato da faglie dirette sintetiche e antitetiche. Le deformazioni e i
rigetti durante le due fasi sono rivelati anche dalla presenza di una ‘superficie di spianamento’ che affiora sia alla base del bacino plio-
cenico sia alla sommita dei rilievi appenninici, tagliando tutte le formazioni pre-plioceniche gia deformate e strutturate. Il suo modella-
mento & avvenuto in prossimita del livello del mare durante o subito dopo la messa in posto delle principali unita tettoniche sovrascor-
se (fase tettogenetica). Simili osservazioni sono state estese ai circostanti bacini appenninici e al bacino Periadriatico. Alcuni bacini
pliocenici possono essere considerati bacini ‘satellite’, legati alla riattivazione ‘superficiale’di strutture compressive. Durante il
Quaternario I'intera catena & stata interessata da movimenti di sollevamento pili generalizzato e dall'attivazione di bacini estensionali

associabili all'approfondimento del Bacino Tirrenico.
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1. THE EAST-TIBER BASIN

The Tiber Basin (Fig. 1) is located in the Umbria-
Marche-Sabina Apennines, and is delimited by the
Umbro-Marchean Ridge to the east and the Amelia Mts
and Peglia Mt ridges to the west. South of Perugia, the
northernmost portion of the Martani Mts splits the basin
into two branches: to the south, the western branch ends
in the Terni area; whereas the eastern branch ends at
Spoleto (Conti- & Girotti, 1977; Ambrosetti et al., 1987).

The tectonic evolution of the Apennines chain prob-
ably commenced during the Burdigalian, with the begin-
ning of the eastward migration of the main overthrusted
units (Elter et al.,, 1975; Ambrosetti et al., 1978; 1987;
Calamita & Deiana, 1988; Damiani et al., 1991; Deiana
& Pialli, 1994). The eastward migration of the compres-
sive fronts was followed by an extensional activity on the
western flank of the chain.

The sedimentary sequence involved in the tectogen-
esis is the Umbro-Marchean sequence (Centamore &
Deiana, Eds., 1986) up to the ‘Marnoso-Arenacea’
Formation (Upper Miocene). The structuring of the Ap-
ennines chain, from the Umbrian Pre-Apennines to the
Umbro-Marchean Ridge, occurred between the Upper
Serravallian and the Lower Pliocene and the literature
attributes the emersion to the Messinian (Damiani et al.,
1991; Calamita et al., 1991; 1995).

After tectogenesis, a ‘planation surface’ was modelled

cutting all the formations already deformed in the entire
Apenninic area (Coltorti & Farabollini, 1995: Coltorti &
Pieruccini, 1997). This surface is the oldest element indi-
cating the subaerial evolution of the area. It is very flat
and generally better preserved at the top of carbonate
ridges and arenaceous reliefs. After modelling, it was
affected by uplifting and was locally deformed by faulting
or tilting in all directions. There is a general agreement
that planation surfaces are modelled close to the sea
level during periods of relative tectonic stasis (Davis,
1898; Ollier, 1981). Recently, it has been suggested
that the ‘planation surface’ was subsequently incised by
wide valleys containing Lower to Middle Pleistocene
sediments (Coltorti et al., in press; 1995). The deriving
surface corresponds to the ‘Villafranchian surface’ of
Demangeot (1965) and to the ‘low energy landscape’ of
Dramis (1992).

The Tiber Basin was considered to be a peripheral
basin undirectly related to the opening of the Tyrrhenian
sea (Brozzetti et al., 1991; Martini & Sagri, 1993). Barchi
et al. (1991) suggested that the structural setting of the
East-Tiber Basin is an asimmetrical or half-graben basin
with a synthetic master fault on the eastern side. The
basin was filled with continental sedimentary sequences
which are hundreds of meters thick in both branches.
The western branch is filled with Middle-Upper Pliocene
lacustrine and alluvial fan deposits, which are mostly
fine sediments unconformably overlain by Pleistocene
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Fig. 1 - Structural scheme of Central Italy: 1) Structural units of the Apennines chain; 2) Neogenic-Quaternary deposits in the
Tyrrhenian side; 3) Plio-Pleistocene deposits of the intramontane basins; 4) Periadriatic basin deposits; 5) volcanic terrains of the
Latium province; 6) main overthrusts; 7) main extensional faults; 8) approximate location of the schematic cross section of Fig. 2. AN
= Ancona; AS - Assisi; AQ - L'Aquila; BAC - Baccinello basin; CA - Castelluccio basin; CAS - Cascia basin; CM - Camerino; COL -
Colfiorito basin; CST - Casentino basin; ETB - East-Tiber basin; Fl - Firenze; GU - Gubbio basin; LBS - Bolsena lake; LTR -
Trasimeno Lake; LU - Lucca; MAM - Amiata Mt.; MAS - Ascensione Mt.; MCON - Conero Mt.; MDA - Amelia Mts.; MMR - Martani
Mts.; MPG - Peglia Mt.; MSB - Sibillini Mts.; MSU - Subasio Mt.; MUG - Mugello basin; NC - Norcia basin; PAB - Periadriatic basin;
PG - Perugia; PSG - Porto S.Giorgio; RDC - Radicondoli basin; RI - Rieti; S - Siena; SP - Spoleto; TR - Terni; TV - Tessino valley;
UMR - Umbro-Marchean ridge; UPA - Umbrian pre-Apennines; VCA - Valdichiana basin; VDA - Valdamo basin; VUM - Valle Umbra;
WTB - West Tiber basin.

Schema strutturale dell'ltalia centrale. 1) Unita strutturali della catena appenninica; 2) Depositi-neogenico-quaternari sul lato tirrenico;
3) Depositi plio-pleistocenici delle conche intermontane; 4) Depositi dei bacini periadriadici; 5) Materiali vulcanici laziali; 6) Principali
sovrascorrimenti; 7) Principali fagli distensive; 8) Ubicazione approssimata delle sezioni di Fig. 2; AN = Ancona; AS = Assisi; AQ =
L’Aquila; BAC = Conca di Baccinello; CA = Bacino di Castelluccio; CAS = Bacino di Cascia; CM = Camerino; COL = Bacino di
Colfiorito; CST = Bacino del Casentino; ETB = Bacino Est-Tiberino; FI = Firenze; GU = Bacino di Gubbio; LBS = Lago di Bolsena;
LTR = Lago Trasimeno; LU = Lucca; MAM = Monte Amiata; MAS = M. Ascensione; MCON = M. Conero; MDA = Montagne d'Amelia;
PAB = Bacino Periadriatico; PG = Perugia; PSG = Porto S.Giorgio; RDC = Bacino di Radicondoli; Rl = Rieti; Sl = Siena; SP =
Spoleto; TR = Terni; TV = Valle del Tessino; UMR = Catena Umbro-Marchigiana; UPA = Pre-Apennino umbro; VCA = Bacino della
Valdichiana; VDA = Bacino del Valdarno; VUM = Valle Umbra; WTB = Bacino Tiberino occidentale.

fluvial-lacustrine sediments (Conti & Girotti, 1978; Am-
brosetti et al., 1987; 1995; Basilici, 1995). In the eastern
branch, various studies were carried out because of
lignite and peat exploitation. A recent sedimentological
and stratigraphical study (Coltorti & Pieruccini, 1997) has
led to a re-definition of the tectonic and sedimentary evo-
lution of the southern part of the East-Tiber Basin. Two

sequences have been recognized: one of mainly Pliocene
age and the other of Pleistocene age. The first sequence
is composed of coarse-grained alluvial fan deposits with
an eastward transition to sandy fluvial sediments and to
fine-grained lacustrine and palustrine deposits. No sedi-
ments containing lignite crop out but boreholes crossed
them in depth. The total thickness of the deposits is ca.



400 m and the sedimentary filling reaches 86 m below
sea-level. These sediments overlie a flat surface which
cuts all the terrains of the Umbro-Marchean sequence
and is correlated to the ‘planation surface’. The begin-
ning of the Pliocene deposition, is based on the identifi-
cation of Castor fiber, Tapirus arvernensis, Mastodon
arvernensis and Mastodon borsonii close to the base of
the sequence, which was dated to the Lower-Middle
Pliocene (Triversa Unit of Azzaroli et al., 1988). The age
of the upper part of the sequence is however unknown.

Facies analysis and architectural element analysis
(following Miall, 1985; 1996) indicate a western prove-
nance of the coarsest fraction, with frequent variations of
facies from gravelly alluvial fan environments to sand-
dominated alluvial plain and silty-clayey palustrine and
lacustrine environments. Only a few debris-flow bodies
from the Umbro-Marchean Ridges indicated the pres-
ence of low reliefs to the east. The sedimentological char-
acteristics and their setting are consistent with the deposi-
tion into an asimmetrical, downwarping basin with a
steeper side to the west (Martani Mts.), where extensional
faults have so far never been observed, although an over-
thrust plane is present. The creation of the steeper slope
to the west, as well as the downwarping, is supposed to
be associated with a limited re-activation of the thrust(1).
Subsequently, the area was subjected to uplifting and
the sequence underwent severe erosion.

High-angle extensional faults were activated either
during or at the end of Lower Pleistocene leading to the
formation of a graben (the present-day Valle Umbra) deli-
mited by the main NNW-SSE (Assisi-Campello sul
Clitunno) master fault (with displacements up to 2000 m)
to the east and by a set of smaller antithetic faults dis-
placing the Pliocene sequence to the west. Associated
with this basin there are fluvial and alluvial fan sediments
showing a transition to lacustrine deposits. The alluvial
fan sediments are mainly of southern (Tessino valley) and
eastern provenance, where the master fault escarpment
is located. At least four periods of aggradation-downcut-
ting, with hanging fluvial terraces, are recorded. Each
sequence is bounded by an unconformity at the lower
surface. This indicates that a continuous uplifting inter-
fered with climatic changes and, thus, the unconformities
bounding the 5 UBSU described by Boccaletti et al.
(1994; 1995) may not be related to different compres-
sional tectonic events.

2.NEARBY AREAS IN THE MIDDLE-UPPER PLIOCENE

In the West-Tiber Basin, the deposits are Middle-
Upper Pliocene lacustrine clay sediments (Fosso Bianco
Formation) unconformably overlain by Lower-Middle (?)
Pleistocene sandy and silty-clayey alluvial plain sedi-
ments (S.Maria di Ciciliano Formation of Ambrosetti et
al.,1995). The western side of the Amelia ridge is bordered

(1) We introduce the term ‘synform’ basin as a descriptive term
for these basins. However, ‘compressional’ features are not
necessarily linked to a deeper tectonic stress field.
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by overthrusts (Cosentino et al.,, 1992), however no
coarse sediments came from this side. Nevertheless, the
scarcity of coarse sediments in this basin indicates that
there were no remarkable escarpments along the sides
of the basin. The basin was very close to the sea level
because, further to the west, marine deposits are pres-
ent almost at the top of the ridge (Conti & Girotti, 1978;
Ambrosetti et al,, 1978; Girotti et al., 1995).

Near Gubbio, a more than 400 m thick sequence of
mostly fine-grained lacustrine and alluvial plain sedi-
ments has been described (Coltorti, 1994) as the filling
of a synform basin delimited westward by overthrusts
(Deiana & Pialli, 1994). However, no coarse sedimenta-
tion is recorded in this sequence.

The sediments filling tectonic depressions in the
Abruzzi areas are of uncertain age but it was pointed out
that the early cycle of deposition is characterized by fine
sediments with no coarse components both in the Fucino
and L'Aquila basins and in the Salto Valley (Bertini &
Bosi, 1976; Bosi & Messina, 1992).

Although the genesis of the tectonic basins of the
Northern Apennines is associated with extensional move-
ments (Bossio et al., 1992; Martini & Sagri, 1993; Bar-
beri et al., 1994), also many compressive structures have
been described by Boccaletti et al. (1995), who interpret
most of these basins (Radicondoli-Volterra, Cinigiano-
Baccinello, Valdarno Superiore and Mugello) and the
Tiber Basin as compressional basins, the sediments of
which underwent syndepositional compressive deforma-
tions from the Pliocene to the end of the Lower Pleis-
tocene. Compressional structures are recognizable in
the Siena and Upper Valdarno Basins, which, however,
have been associated with extensional or gravity tec-
tonic movements (Lazzarotto & Liotta, 1991; Liotta &
Salvatorini, 1994). Also the geological sections of the
eastern side of the Val di Chiana Basin (Buonasorte et
al., 1988) suggest the existence of a synform basin of
Pliocene age. In the Val di Magra and Garfagnana
Basins, Lower-Middle Pliocene sediments constituted
mainly of fine-grained sediments with lignite, are tilted
and unconformably overlain by Pleistocene sediments
(Callistri, 1974; Federici, 1978; Raggi, 1985). Based on
geometric relationships between thrust units, Calamita &
Deiana (1995) hypothesised the Messinian and Lower
Pliocene re-activation of major overthrusts in Central ltaly.

The Umbro-Marchean chain is subdivided into
several overthrusted units (Calamita et al., 1991), which
involve ‘minor turbiditic basins’ (Ricci Lucchi, 1986; 1987)
whose younger deposits are Messinian in age. The
overthrust fronts are located along the western margin of
the turbiditic terrains; to the east, these sediments
conformably overlie the Jurassic-Oligocene terrains. The
‘planation surface’ is located at higher elevations to the
west of the overthrust fronts (Umbro-Marchean Ridge)
and is lowered to the east. This corresponds to outcrops
of turbiditic sediments, suggesting a limited re-activation of
the overthrusts inside the chain (i.e. M.Maggio-Camerino).
Also in the Subasio ridge, relief creation was associated
with the Lower Pliocene re-activation of one of the main
thrusts (Damiani et al., 1995).

Middle-Upper Pliocene and Lower Pleistocene sedi-
ments in the Periadriatic Basin constitute the filling of a
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new cycle of coastal-marine sedimentation. These sedi-
ments unconformably overlie (Lower-Middle Pliocene
trans-gression) the Lower Pliocene as well as the Upper
Miocene marine and coastal sediments, which were se-
verely folded and thrusted together with the Umbro-
Marchean sedimentary multilayered formations
(Calamita et ai,, 1991). The main source of sediments of
the synform basin was the Umbro-Marchean chain, from
which a thick sequence of fanglomerates (Mt Ascen-
sione) was deposited (Cantalamessa et al., 1986). Such
as in the East-Tiber Basin this suggests that the western
reliefs were rising and being dissected up to the Upper
Pliocene, due to the re-activation of the Sibillini Mts
overthrust (Calamita & Deiana, 1988), which delimits the
basin to the west. Therefore, at that time, the ‘planation
surface’ modelling had already terminated. Therefore,
the ‘planation surface’, which at present is found at the
top of the chain, is correlated in coastal areas with the
modelling of the Lower-Middle Pliocene transgressional
surface. To the east, the basin was delimited by a ridge
(Mt Conero-Porto S.Giorgio) located close to the sea
level (Cantalamessa et al., 1987).

~a§—— (cont. da/fromp.524)

lowed by valleys incision (Lower Pleistocene); D) the continue
upliting was associated with the activation of extensional faults
originating ‘graben’ basins in the Tyrrhenian side of the penin-
sula; these high-angle faults re-activated both superficial and
deep thrust planes toward the Tyrrhenian sea, which was
rapidly sinking. The extensional activity in Western Italy was
accompanied by a strong volcanic activity. In the meantime, the
Periadriatic area was emerging and sedimentation migrated to
the east. Legend: 1 = main overthrusted units; 2 = a) alluvial
fan deposits; b) fluvial-lacustrine and marine deposits (Middle-
Upper Pliocene); 3 = fluvial-lacustrine and marine deposits
(Lower Pleistocene); 4 = continental deposits of extensional
basins; 5 = planation surface; 6 = a) major and b) minor overth-
rust re-activation; 7) extensional fault and reverse thrust plane
re-activation; 8) uplifting.

Rappresentazione schematica degli eventi tettonico-sedimen-
tari avvenuti in Appennino nel Plio-Pleistocene. A) La superficie
di spianamento che taglia tutte le unita degli Appennini si formod
durante il Pliocene inferiore a quote molto prossime al livello
del mare; verso il Tirreno, sulla superficie di spianamento si
ebbe deposizione di sedimenti fini con ligniti; B) riattivazione di
aleuni dei principali sovrascorrimenti con formazione di bacini
“sinformi” delimitati da scarpate di faglia e riempiti da sedimenti
grossolani di conoide alluvionale in vicinanza delle faglie; I'ac-
cavallamento o la limitata riattivazione di piccoli sovrascorri-
menti porto alla demarcazione di bacino con scarsa sedimenta-
zione grossolana (Pliocene medio-superiore); C) un
sollevamento generalizzato interessé tutta I'area che fu, poi,
incisa (Pleistocene inferiore); D) il continuo sollevamento fu
accompagnato dall'attivita di faglie distensive che hanno dato
luogo a graben-bacini sul lato tirrenico della penisola; tali faglie
ad alto angolo rimisero in moto piani di scorrimento sia superfi-
ciali che profondi verso il Tirreno che stava subsidendo rapida-
mente. In ltalia occidentale, la distensione si accompagné ad
attivita vulcanica. L'area periadriatica, nel frattempo, stava emer-
gendo con migrazione verso est della sedimentazione. Legenda:
1 = principali unita sovrascorse; 2 = a) depositi di conoide allu-
vionale; b) depositi fluvio-lacustri e marini del Pliocene medio-
superiore; 3 = depositi fluvio-lacustri e marini del Pleistocene
inferiore; 4 = depositi continentali di bacini distensivi; 5 = superfi-
cie di spianamento; 6 = riattivazione di sovrascorrimenti a) di
minore e b) maggiore entita; 7) faglie distensive e riattivazione di
piani di scorrimento inverso; 8) sollevamento.
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3. NEARBY AREAS IN THE PLEISTOCENE

Terraced deposits characterize the whole Apennines
chain from the Adriatic to the Tyrrhenian sea showing that,
after the Pliocene sedimentary cycle, the Apennines area
was affected by a more generalized uplifting. Under this
regime, during the final part of the Lower Pleistocene and
the Middle Pleistocene, there was the activation of exten-
sional basins bordered by high-angle normal faults on the
Tyrrhenian side of the Peninsula. The Pleistocene age of
the infilling of some of these basins (Colfiorito, Norcia,
Cascia, Tiber Basin, Leonessa, Rieti) was recognized
years ago (Calamita et al., 1982; Barberi et al., 1995). The
same observations can be made in the Southern Apen-
nines (Fucino, Subequana, Sulmona, Tirino etc.; Deman-
geot, 1965; Raffy, 1981; Bosi & Messina 1992). An exten-
sional regime is also testified by volcanic activity after 0.7
Ma (Barberi et al., 1994). Extensional faults, which played
an important role in displacing the Middle Pleistocene
deposits in the Umbrian area, do not show to have had a
marked activity after that period.

The Periadriatic area continued to evolve as a syn-
form basin until the end of the Calabrian (Cantalamessa
et al., 1986) approximately 1.0-0.7 Ma ago. Subsequently,
coastal deposits underwent uplifting movements and
today are found at elevations higher than 400 m a.s.l.
Fluvial terraces hanging on valley floors became the
main feature. Downcutting followed antiapenninic NW-
SE faults (Coltorti et al., 1995) but extensional faults
stretching in the Apennines direction (NE-SW) were also
recognized. One of these delimits the western side of Mt
Conero (Coltorti et al., 1987). The activity of ‘compressive
fronts’ in the Adriatic Sea, became less important up to
the Calabrian (Ori et al., 1986).

4. DISCUSSION

The most significant element in the Plio-Pleistocene
evolution of the superficial part of the Apennine chain is
the ‘planation surface’. It has been correlated to the
unconformity which marks the Lower-Middle Pliocene
transgression. The whole area was easily flattened by
erosion, from the Adriatic to the Thyrrenian sea, because
of the proximity of the sea level on both side of the
Peninsula (Fig. 2a). This phase postdates the structuring
of the Apennines chain (tectogenesis) since the planation
affected units already overthrusted. The study of typology
and chronology of movements is a link to any model dea-
ling with the deeper structural setting of the Apennines.
The re-activation of some of the main thrust fronts during
the Middle-Upper Pliocene (Fig. 2b) created topographic
irregularities, ridges and synform basins, which can be
considered ‘piggyback basins’ (Ori & Friend, 1984),
‘floated satellite basins’ (Ricci-Lucchi, 1986), or ‘perched
basins’ (Butler & Grasso, 1993). The thrust activity on
the western flank of the East-Tiber and Periadriatic Basins
are also revealed by coeval coarse alluvial fan sedi-
ments, lying unconformably on the ‘planation surface’.
There is no chronological evidence for the end of this
cycle in the Apennines but the ‘Pliocene’ sequence was
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affected by many dozens and even hundreds of metres
of erosion suggesting a long erosive time span. In the
Periadriatic Basin it ended about 1.0-0.8 Ma ago. Since
the Lower Pleistocene the whole area has undergone a
general uplifting (Fig. 2c).

The new basins created at the end of the Lower
Pleistocene are asymmetrical grabens with a master
fault located on the eastern side (Fig. 2d). Some of faults
are listric which re-activated the thrust planes in opposite
direction (Calamita et al., 1994). Displacements in the
order of many hundreds of meters occurred along super-
ficial planes even if deeper thrust planes had also been
re-activated.

At the base of many Pliocene basins, sediments are
mostly fine-grained with lignite layers, whose relationship
with the overlaying deposits is generally masked. It is
possible that the sedimentation occurred either: 1) inside
newly formed ‘perched basins’ or 2) onto wide alluvial
and coastal plains bordering the western side of the pen-
insula and lately dismembered by the thrust re-activa-
tion. In the latter case the sequence would have to be
subdivided into pre- (fine sediments with lignite) and
post-thrust re-activation (coarser sediments). The buried
sediments with lignite deposits of the Tiber Basin, in
Gubbio and in many depressions of north-central Italy
might correspond to the pre-thrust re-activation. The
fine-grained sediments carried to the top of the Apen-
nines Ridge, after the thrust re-activation, were subse-
quently affected by erosion leading to the exhumation of
the ‘planation surface’. However, only in the East-Tiber
Basin and in the front of the Umbro-Marchean Apen-
nines there was an important re-activation of thrusts in
the Middle-Upper Pliocene as indicated by the presence
of thick fanglomerates and alluvial fan deposits. These
displacements were in the order of some hundreds of
metres and, therefore, the ridges were still low and close
to the sea level.

The Upper Pliocene-Pleistocene history of the pen-
insula is a new event in the frame of the Apennines evo-
lution. It cannot be associated to an eastward migration
of the compressional-extensional stress field because
the Apennines chain originated entirely during this period
and there are no evidence that high reliefs had never
existed before. The thick turbiditic sedimentation ended
in the Periadriatic Basin with the surrection of the chain
which occurred after the Lower Pliocene transgression
and the modelling of the ‘planation surface’. The phase
of activation of the extensional faults — with which it is,
at places, connected the formation of basins in the
western side of the Apennines at the end of the Lower
Pleistocene — seems to be related to the uplifting of the
chain and to the contemporaneous deepening of the
Tyrrhenian sea.
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