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TECTONIC SKETCH 1:200,000 scale

EPILIGURIAN SUCCESSION

LIGURIAN UNITS

PADANO-ADRIATIC POST-EVAPORITE 
SUCCESSION
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Slope, eluvial-colluvial deposits
Heterometric deposits with chaotic texture derived by the weathering and accumulated 
along the slopes, or due to the substratum rock weathering or to rain drainage.
LATE PLEISTOCENE. -HOLOCENE

b2

ACQUAVIVA SANDSTONES FM.
Coarse sandstones grey-yellowish in colour, bioturbated with sedimentary structures like 
cross-lamination, plane-parallel lamination, fluid escape, with dispersed gravel clasts, forming 
massive lenticular and discontinuous beds. Minor lenticular conglomerate beds occur. Rich 
fossil remains are concentrated in levels, as well as carbonious vegetal fragments. Mudstone 
and bituminous beds are subordinated. The maximum thickness is 150-200 m. Deltaic-shallow 
marine environment.
 TORTONIAN – EARLY MESSINIAN   
Conglomerate lithofacies (AQVa)
Polygenic matrix- and clast-supported conglomerates forming thick lenticular beds with 
erosional base. Clasts are heterometric and consist of limestone and sandstone sourced 
from Ligurian formations. Fabric are lacking with the exception of a crude cross-stratification, 
sometimes with imbrication.

AQV

AQVa

MONTEBELLO CLAY FM. 
Fossiliferous grey clays and sandy clays with rare calcareous silt interlayers. The thickness 
is few tens of meters. Marine shelf environment.
 SERRAVALLIAN – EARLY TORTONIAN 

AMN

MONTE FUMAIOLO SANDSTONES FM.
Medium to thin-bedded hybrid sandstones, grey-yellowish in colour. They are massive or 
graded with trough or planar cross-bedding and megaripples. Sandstones are rich in 
siliciclasts, carbonate and glauconite grains. The thickness is up to 150 m. The lower 
boundary with the SMN is gradual or interfingered and sometimes marked by a glauconitic 
horizon. Inner to outer marine shelf environment.
 LATE BURDIGALIAN - SERRAVALLIAN

Vetta Member (MFU2)
Thick to medium-bedded hybrid sandstones and bioturbated sandy marls. These last are 
rich in bivalve fossils. Stratification is regular and well-developed, with low-angle 
cross-laminated beds.
Monte Aquilone Member (MFU1)
Thick-bedded amalgamated sandstone beds. Sandstones are mixed/hybrid in composition 
containing fossil and glauconite grains. Sandy limestone beds occur, characterized by 
plane-parallel or cross-bedding, with interlayering of bioturbated fossiliferous sandy marls.

MFU

MFU2

MFU1

a
Landslide deposits

Gravitational heterogenous deposits more or less chaoticized. Landslides of different 
typologies with or without evidences of recent or present movement.
 HOLOCENE

Thalweg alluvial deposits - (cf. Modena Unit, Musone Synthem) 
Heterometric size deposits (gravel to clay) forming the present river bedforms and close 
to the shoreline including  littoral deposits.
HOLOCENE

b

bn2

bn3

BABc

BABb

BABd

BABa

BARBOTTO FM.
Marl deposits with sandstone beds, subdivided in four interfingered lithofacies.
The total thickness is more than 500 m. Outer shelf to upper bathyal marine environment.
EARLY SERRAVALLIAN – TORTONIAN

Marl-clay lithofacies (BABd)
It occur at the top of the formation. It is formed by marl and clay levels with interlayered thin 
to medium sandstone beds, S/M < 1/6. Grey mudstones are rich in microfossils. The thickness 
is more than 200 m.
Sandstone lithofacies (BABc)
Medium to very thick lenticular amalgamated sandstone beds. Sandstones are medium to 
coarse in grain-size. The thickness ranges from few meters to 25 m.
Marl-sandstone lithofacies (BABb). 
Medium-bedded sandstones and clayey marls. Sandstones, grey and brown in colours, are 
medium to fine in grain-size, medium- to well-cemented; marls and mudstones are dark 
grey. The thickness is more than 200 m.
Marl-limestone lithofacies (BABa). 
Medium-bedded marls and calcareous marls, grey to whitish in colours, bioturbated, often 
silty rich in micas. This lithofacies forms the lower part of the formation and it passes upward 
to BABb through a stratigraphic sharp boundary sometimes with interfingering. The thickness 
is more than 150 m.

LIGURIAN UNIT 
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SMN3

SMN2

SMN1

SAN MARINO LIMESTONE FM.
Thick to thin-bedded bioclastic limestones and calcarenites rich in coral and bryozoa 
fragments. Calcarenites have irregular wave stratification, sometimes cross-bedded with 
megaripples. High-grade bioturbation. The upper part of the formation is dominated by 
calcarenites and glauconite hybrid sandstones. Maximum thickness 200 m. The formation 
lies unconformably onto AVR, often through basal polygenic conglomerates. Marine shelf 
environment.
LATE BURDIGALIAN – EARLY LANGHIAN

S. Alberico Member (SMN3)
Thick to medium-bedded biocalcarenites and hybrid sandstones, with low-angle 
cross-lamination. Biocalcarenites are dominated by fossil fragments. The thickness is few 
tens of meters. 
Stratified limestones Member (SMN2)
Very thick-bedded biocalcarenites. Wavy and irregular stratification. Generally the grain-size 
and the carbonate content decrease upward in the member, with the increase in glauconite 
grains. The maximum thickness is about 20 meters.
Lower Member (SMN1)
Polygenic conglomerates and calcarenites with massive texture. Locally, marls and fine 
sandstones occur. The sediments, rich in bioclasts, are intensely bioturbated. The maximum 
thickness is few tens of meters.

CTG

CONTIGNACO MARLS FM. 
Thin to medium-bedded calcareous marls and marls rich in flint. High fracturation and thin 
layers with Mn oxide. Thickness lower than 100 m. Submarine slope environment.
LATE AQUITANIAN – EARLY BURDIGALIAN  

CAP

CAMPAOLO FM.
Thin-bedded fine laminated sandstones, well cemented and rich in micas, with interlayered 
grey marls and shales. The thickness is of some tens of meters. Marine environment.
LATE OLIGOCENE – AQUITANIAN

ANTOGNOLA MARLS FM. 
Clay and silty marls, moderately cemented, with dark manganesiferous coating and sulphur 
nodules; abundant microfossils and bioclasts. The bedding is not evident due to intense 
bioturbation. Maximum thickness of few tens of meters. Slope to basin marine environment.
 LATE RUPELIAN – EARLY AQUITANIAN

ANT

MONTE COMERO SANDSTONES FM.
Thick to medium-bedded coarse sandstones with interlayered marls, clay marls and siltstones. 
Few beds of microconglomerates occur. Sandstones are quartz-feldspatic in composition, 
microconglomerates contain pebbles and cobbles sourced from quartzite, micaschist, 
phyllite and calcarenite rocks. Sandstone beds show typical turbidite structures. The base 
of the formation is characterized by the occurrence of interbeds of calcareous breccia, 
calcareous marl, shale and calcarenite. Locally the formation is subdivided in two partially 
interfingered lithofacies. The maximum thickness of the formation is about 1200 meters. 
Marine turbidite environmental setting.
(?) OLIGOCENE

Sandstone lithofacies (COOa)
Thick to thin-bedded sandstone with conglomerate beds. Sandstones are massive and 
amalgamated or graded with turbidite structures and microconglomerate basal layers. Shaly 
marls and marls are interlayered; S/M>>1. The thickness is more than 800 m.
Marly-limestone-sandstone lithofacies (COOc)
It differs from COOa for the occurrence of thin to medium-bedded marly limestones. The 
maximum thickness is about 450 m.

COO

COOa

COOc

VALLE DEL SAVIO COMPLEX
Highly tectonized unit, with chaotic texture, formed of grey to varicoloured shales and marly 
shales, similar to AVR, with shaly matrix breccias englobing clasts lithologically heterogeneous 
(calcarenite, calcilutite, siltstone, chert, marl, sandstone), with Ligurian, Subligurian and 
Epiligurian affinities. The clasts range in size from dm to very huge block. The maximum 
thickness is about 400 m.
(?) OLIGOCENE

MVS

SASSO DI SIMONE BRECCIA
Chaoticized matrix-rich breccia, with heterometric angolous clasts. The matrix shows some 
tectonized portions.
OLIGOCENE - EARLY MIOCENE

BSS

MONTE MORELLO FM.
Limestone, marly limestone, turbidite calcarenite and marl beds. Sometimes calcarenite 
beds show ruditic base with Nummulites. Mudstones and siltstones can be interlayered. 
Calciturbidite distal system. Thickness about 700 m.
MIDDLE - LATE EOCENE

Casa Nuova Lithofacies (MLLa)
Marls and marly limestones, red-pink in colour, interlayered with varicoloured or dark shales, 
forming a 10-20 m thick key-horizon placed in the lower part of the formation.

MLL

MLLa

SILLANO FM. 
Alternated grey mudstone and limestone beds; the former are sometimes varicoloured, 
particularly in the lower part of the formation, passing to AVR. The thickness ranges from few 
meters to 350 m. Deep-marine environment.
 LATE CRETACEOUS – EARLY EOCENE 

SIL

OLISTOLITHS AND OLISTOSTROMES englobed in the Epiligurian Succession:
Olistoliths of the Sillano Fm. (si)
Olistostromes of the Varicoloured Shales (av)

si
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“DI TETTO”  FM. (compare to the Sapigno Fm.)                 
Medium to very thin beds of dark grey marly-silty claystones, often bituminous and laminated. 
Thin siltstone and sandstone lenticular beds are present (ratio S/M between 1/3 and 1/5). 
A volcaniclastic horizon (Osteria di Piavola volcaniclastic, op) occur in the lower part of the 
formation.
Post-evaporitic fresh-water lacustrine environment.
LATE MESSINIAN

Resedimented “Gessoso-solfifera” lithofacies (GHTa) (compare to the Pieve di Rivoschio 
lithofacies)
Lenticular and chaotic bodies formed of: grey gypsumarenites with minor thin-bedded 
mudstone beds, resedimented gypsum, brecciated alabastrine gypsum, with occasional 
isolated gypsum blocks.

GHT

GHTa

OUTER UMBRO-MARCHEAN-ROMAGNA SUCCESSION

“TRIPOLI” FM.
Marly clays and silty marls, bituminous and laminated with thin fine-grained sandstones. 
Thin beds of white laminated diatomite with rare fish remnants may occur. Thick beds of 
graded sandstones with erosional base and rich in small plant remains occur.
Marine shallow water environment.
EARLY MESSINIAN

TPE

“GESSOSO-SOLFIFERA” FM.
Bituminous dark grey mudstones with fine-grained dolomite limestones. These are heavily 
bituminous and whitish in altered surfaces. They are laminated or brecciated, sometimes 
massive in medium-thin beds. Thin beds of laminated or microcrystalline massive 
gypsum rarely occur. Intertidal-evaporite environment.
LATE MESSINIAN

GES

MARCHEAN MARNOSO-ARENACEA FM. 
Sandstone-mudstone alternances with variable S/M ratio and bed thickness. Sandstones 
range from very coarse/rudite to fine in grain-size. The thicker sandstone beds are usually 
massive, whereas the thinner beds show turbidite structures. The silty-marly mudstones are 
hemipelagic. The formation is subdivided in two partially interfingered members.
Marine turbidite fan system.
 LATE TORTONIAN-MESSINIAN

Urbino Mb. (FAM2)
Turbidite sandstones and thin-bedded mudstones. Marly mudstones are dominant, partly 
due to the tail of the turbidite deposits and by the hemipelagic sedimentation. Sandstone 
are in thick beds, massive in texture.
Confined low-efficiency turbidite system.
LATE TORTONIAN-MESSINIAN

Sandstone-mudstone lithofacies (FAM2b)
Turbidite sandstone in medium-thick to medium-thin beds with frequent mudstone and marly 
mudstone interlayers; ratio S/M>=1.

Valle di Schieti lithofacies (FAM2a)
Coarse-medium sandstones in thick to very thin beds, with abundant amalgamation surfaces; 
ratio S/M>>1.

S. Angelo in Vado Mb. (FAM1)
Alternances of graded to massive sandstones and mudstones formed by turbidite siltstones 
and clay-marly hemipelagites. Sandstone beds are thick with abundant plane-parallel and 
cross lamination in the upper part.
 LATE TORTONIAN-MESSINIAN 

Belvedere lithofacies (FAM1c)
Claystones and turbidite siltstones in thin beds, with minor medium-thin beds of sandstones.

Urbania lithofacies (FAM1b)
Medium to thick turbidite sandstone beds, massive in texture, with minor interbeds of 
mudstones; ratio 3>S/M>1/3. 

FAM2

FAM2a

FAM2b

FAM1

FAM1b

FAM1c

SCHLIER FM.
Marls, shaly marls with calcareous-marly interbeds, locally with bioturbation.
Hemipelagic bathyal depositional environment.
TORTONIAN-EARLY MESSINIAN

SCH

“COLOMBACCI CLAYS” FM
Grey clays and silty-marly clays with interlayered thin whitish limestone beds “colombacci”.  
Siltstone and sandstone beds occurred as minor as well as conglomerate beds. Woody 
remnants as well as gasteropods and bivalves occur in the clays and sandstones. Fresh-water 
to brackish-water environment (Lac-Mer) with fan-delta systems.
 LATE MESSINIAN

Mudstone-sandstone lithofacies (FCOc) 
Dark grey mudstones with interlayered turbidite sandstones medium-fine in grain-size. Marly 
clays with interbeds of siltstones and fine sandstones occur (ratio S/M <1).
Pietrarubbia lithofacies (FCOb)
Thick beds of polygenic conglomerates, heterometric and clast-supported (minor 
matrix-supported) in texture. Trough cross-bedding and crude stratification are present.
Fluvial to fan-deltaic systems.
Sandstone lithofacies (FCOa)
Thick turbidite sandstone beds, medium to coarse in grain-size. Amalgamation and other 
sedimentary structures as lamination and normal grading occur (ratio S/M>1). Beds of 
mudstone and conglomerate may occur.

FCO

FCOc

FCOb

FCOa

SAN DONATO FM.
Alternances of grey clay mudstones with lenticular turbidite sandstone beds. Clays and 
marly clays are massive, rich in woody fragments.
Open to anaerobic shelf to bathyal marine environment.
 LATE MESSINIAN

Battilana lithofacies (FSDb)
Medium thick turbidite sandstone beds. Usually they contain abundant woody fragments 
and interlayers of grey mudstone-claystone.
Ranco lithofacies (FSDa)
Alternances of sandstone, bituminous mudstone, conglomerate beds and chaotic levels 
(slump and debris �ow).

FSD

FSDb

FSDa
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ROMAGNA MARNOSO-ARENACEA FM.
Very thick turbidite succession (more than 3000 meters) mainly formed of alternances of 
sandstones and marly mudstones with very variable S/M ratio. Sandstone beds are from 
thin to very thick (key-beds), fine to coarse in grain-size, with occasional coarse to rudite 
bottom. The formation is subdivided in members and lithofacies on the base of the S/M ratio 
and of the thickness of the beds. 
Turbidite complex in deep-sea foredeep setting and partially slope facies for the uppermost 
members.
LATE BURDIGALIAN-EARLIEST MESSINIAN 

Borgo Tossignano Member (FMA14).
Alternances of sandstone and mudstone with S/M ratio <1, with prevailing grey hemipelagic 
marlstones rich in foraminifera . Sandstone beds are medium to thin in thickness. Rare thicker 
sandstone horizons with amalgamated beds and S/M ratio >3. A thick chaotic slump horizon 
(sl) occur in the upper part.
LATE TORTONIAN-EARLIEST MESSINIAN
Fontanelice Member  (FMA13)
Turbidite sandstones with very minor mudstones and ratio S/M>3 up to 20. Sandstones are 
variable in grain-size from very coarse to medium, sometimes rich in carbonious plant 
fragments and mudclasts. Beds are generally thick or very thick, often amalgamated with 
lenticular geometry. Marlstones and lenticular polygenic conglomerates may occur in the 
uppermost part as well as chaotic slump levels. This member is strongly lenticular and 
laterally discontinuous.
LATE TORTONIAN
Castel del Rio Member (FMA12)
Variable internal stacking pattern dominated by thick to thin beds of sandstone ranging from 
very coarse to fine in grain-size. S/M ratio is variable, with minor hemipelagite mudstones.
TORTONIAN
Sandstone lithofacies (FMA12a)
Major sandstones coarse to medium in grain-size, in very thin to thick beds. Ratio 12>S/M>2. 
Turbidite structures and mudstone clasts are easily recognizable. A thick sandstone key-bed 
(colombara bed “co”) occurs at the base.

FMA14

FMA13

FMA12

FMA12a

INNER UMBRO-MARCHEAN-ROMAGNA SUCCESSION

OLISTOSTROMES AND OLISTOLITHS
 

Varicoloured Shales olistostromes (av)

Sillano Fm. olistoliths (si)

Gessoso-solfifera olistoliths (ge)

Monte Fumaiolo Fm. olistoliths (mf)

San Marino Fm. olistoliths (sm)

Monte Morello Fm. Olistoliths (ml)

si

av

ge

mf

sm

ml
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FMA3

FMA1

FMA4

FMA4a

FMA2

FMA2a

FMA5

FMA5d

FMA5a

Collina Member (FMA5)
It is formed by alternances of major marlstones and minor sandstones, sometimes calcarenites and 
frequent hemipelagites; S/M <1/3, often 1/5. Sandstones are organized in thin to medium 
beds, rarely thick. Lenticular sandstone bodies, up to few tens of meters in thickness, occur 
at different stratigraphic horizons. Some calcareous thick key-beds (colombine) occur at 
different stratigraphic positions (Tiravento “ti”, Fratta “fr”, Montellero “mt”). This member is 
also characterized for the many horizons with different S/M ratios, each mapped as lithofacies.
SERRAVALLIAN
Mudstone-sandstone lithofacies (FMA5d)
Mainly mudstones with interlayered sandstone in thin to medium beds, sometimes thick to 
very thick; S/M<1/5.
Sandstone-mudstone lithofacies (FMA5a)
Alternances of medium thick sandstone beds and mudstone with hemipelagic marlstones 
at the top of the beds; S/M 2-1/3.

Galeata Member (FMA4)
Alternances of sandstones and marly mudstones with S/M 2-1/3. Sandstone beds range 
from thin to thick, sometimes very thick with tabular geometry. Calcareous key-beds 
(colombine) (Fosso Caprie cp, Valbura va) and the thick sandstone-hybrid key-bed Contessa 
(cs) occur interlayered with mudstones and sandstones. The bottom boundary is often 
marked by the sandstone key-horizon Fiumicello (fm).
LATE LANGHIAN – EARLY SERRAVALLIAN
Marly lithofacies (FMA4a)
Alternances of marlstones and sandstones with S/M<1/5 and thin beds. Interfingered 
relationships with FMA4.

Premilcuore Member (FMA3)
This member crops out only in the southwestern area of the map. It is characterized by thick 
to very thick sandstone beds, subordinately medium in thickness. Sometimes they form 
thick horizon with rare marly hemipelagites; S/M range from 10 to more than 2.
LANGHIAN

Corniolo Member (FMA2)
It is characterized by alternances of mudstone and sandstone beds; S/M 2-1/3. Sandstone 
beds are mainly thin to medium in thickness, minor thick and very thick. Sandstones are 
lesser cemented than for the other members. The Tombina mudstone lithofacies occurs in 
the upper part of the member. A hybrid key bed (Imolavilla, io) occurs in the middle part.
LATE BURDIGALIAN – LATE LANGHIAN
Tombina mudstone lithofacies (FMA2a)
It has S/M ratio <1/3, usually 1/6, with thin to medium, rarely thick sandstone beds.

Biserno Member (FMA1)
It is formed by alternances of main mudstones and subordinate sandstones. Marlstone 
hemipelagic deposits are frequent; S/M<1/3, commonly 1/5. Sandstone beds range from 
thin to medium, rarely thick. Unmappable slump levels occur. Sandstone key-beds (Fonte 
Abate, ab and Calanca, ca) and a hybrid-sandstone key-bed (Raggio, rg) occur.
LATE BURDIGALIAN – LANGHIAN

GHIOLI DI LETTO FM.
Grey silty-marly clays with thin-medium interbeds of silty sandstones, bituminous mudstones 
and carbonious rich levels in the upper part; rare calcilutite and marly limestone beds occur. 
A thick turbidite sandstone bed (“ar” key-bed) is present in the uppermost part of the 
formation. Chaotic and olistostrome/olistolith lenticular horizons may occur in the upper part.
Hemipelagic outer shelf marine environment with low-efficiency turbidite system.
LATE TORTONIAN-MESSINIAN

Sant’Agata Feltria Sandstone lithofacies (GHLa)
Brown coarse sandstones in the lenticular and amalgamated very thick beds, interlayered 
with GHL. Sandstones are massive or crudely graded with turbidite structures and 
plane-parallel or cross-lamination. Ratio S/M>>1.

GHL

GHLa
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EPILIGURIAN SUCCESSION

CASA I GESSI CLAYS FM.
Clays and silty clays dark grey in colour, usually with not distinctive bedding, with rare marl 
or calcilutite thin beds light grey in colour. Clay are rich in fossils and lignite. Some sand 
layers occur in the lower part of the  formation. Thickness some hundreds of meters. Marine 
shelf environment.
EARLY MESSINIAN

CGE

“GESSOSO-SOLFIFERA” FM.
Gypsum levels are up to 5-6 metres in thickness, with interlayers of thick  black bituminous 
mudstones. Thickness about 30 m. Evaporitic depositional environment.
LATE MESSINIAN

GES

CASA MONTE SABATINO FM.
Sandstones grey-yellow in colour and polygenic conglomerates forming thick lenticular 
levels.
The formation is subdivided in two members on the base of the grain-size. Thickness 100 
m. Fluvio-deltaic continental/? transitional environment.
 LATE MESSINIAN - ?BASAL PLIOCENE

Sandstone lithofacies (SBTb)
Coarse sandstones and microgravels, crudely stratified in thick beds. Cross-bedding and 
crude normal grading sometimes are present. Thin conglomerate layers form the base of 
sandstone beds. Rare reworked fossil fragments occur.
Conglomerate lithofacies (SBTa)
Polygenic conglomerate matrix- and/or clast-supported with crude stratification, sometimes 
with sandstone interbeds. Beds are thick to very  thick with lenticular geometry.

SBTb

SBTa

av

si

OLISTOLITHS AND OLISTOSTROMES
They are englobed in the Padan-Adriatic Post-Evaporite Succession.

 
        Olistoliths of the Sillano Fm. (si)

 
 Olistoliths of the Varicoloured Shales (av)

 Olistostromes of the "Gessoso-Solfifera" Fm. (ge)ge

VARICOLOURED SHALES
Varicoloured red-to-green to-grey shales often characterized by chaotic texture, with alternated 
few calcarenite, calcilutite, fine sandstone and silstones thin beds. Dark marls and shaly 
marls also occur. The disrupted and chaotic texture does not allow an estimation of the 
thickness.
 EARLY CRETACEOUS - EARLY EOCENE

Marly lithofacies (AVRc)
Marls with rare grey marly limestone thin beds; thin dark grey mudstone beds may occur.
Limestone-sandstone lithofacies (AVRb)
Alternated limestone, sandstone and marlstone beds ranging from few cm to few dm in 
thickness. Limestone calcilutite beds are laminated and the sandstone beds show turbidite 
structures; siliciclastic and carbonate in composition.
Sandstone lithofacies (AVRa) 
Sandstones mixed-hybrid in composition with grain-size ranging from fine to 
middle-coarse sand. Bed thickness range from few dm to 70-80 cm with abundant 
turbidite structures, with alternated thin siltstone beds.

AVR

AVRc

AVRb

AVRa

FMA9

FMA9a

Civitella Member (FMA9)
Sandstone-mudstone bed alternances with S/M between 1 and 1/5. Sandstone beds range 
between thin and thick (often less than 50 cm), rarely very thick. Sandstone beds increase 
upward. The Castagnolo arenaceous key-horizon (ct) and the Turrito key-bed (tu) are 
interlayered in the middle part of the member.
LATE SERRAVALLIAN – EARLY TORTONIAN
Sandstone-mudstone lithofacies (FMA9a)
It is formed by turbidite sandstone beds ranging in thickness from medium to thick, often 
characterized by the whole Bouma sequence. Thin beds and hemipelagites are subordinate; 
S/M >1/2, sometimes more than 3.
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FAA

FAAe
FAAd
FAAb
FAAa

FAAh

“ARGILLE AZZURRE” FM.
Clays and marly clays grey-blue in colour, rich in microfossils, with interlayered yellowish 
sandstones and silty clays. Coarse deposits and extraformational sliding bodies occur. The 
thickness is about 800 m. Outer marine shelf environment, changing from bathyal to inner 
shelf.
EARLY PLIOCENE – EARLY PLEISTOCENE

Monte Perticara conglomerate-sandstone lithofacies (FAAh)
Middle-coarse grain-size sandstones with interlayering of polygenic conglomerates. 
Herring-bone stratification occur.
 Lardiano clay and sandstone lithofacies(FAAe)
Middle-fine grain-size sandstones with marly and silty clays, grey in colour. Ratio S/M>1. 
Thickness is some tens of meters.
MIDDLE-LATE PLIOCENE
Corpolò marls lithofacies (FAAd)
Marly and silty clays grey-blue in colour with interlayered sandstone beds, and tripolaceous 
marls rich in fossils, organized in thick levels.
 MIDDLE-LATE PLIOCENE
Sandstone lithofacies (FAAb) 
Lenticular sandstone bodies interlayered within clays. Sandstones fine-to-coarse in grain-size 
show turbidite features S/M>1. Beds are middle to thick in thickness with high tabularity. 
Fossil fragments are abundant, particularly mollusks.
Mudstone-sandstone lithofacies (FAAa) 
Grey-yellowish turbidite sandstones in middle to thin beds with interlayered grey clay levels. 
Clays are rich in microfossils and bioturbation; 2≥S/M>0.5.
Montecalvo in Foglia Sandstone Member
Interlayering of sandstones and clays rich in fossils. Beds are both tabular or lenticular. 
Thickness about 450 m. Sandstone beds show turbidite structures. Turbidite system in outer 
shelf.
 EARLY-MIDDLE PLIOCENE

Mudstone-sandstone lithofacies (FAA8b)
Silty clays and clays rich in fossils with interlayered fine-grained sandstones in thin beds. 
Horizons with high concentration of fossil fragments occur.
Sandstone lithofacies (FAA8a) 
Sandstones in medium to very thick beds, show turbidite structures as plane-parallel and 
cross-lamination, as well as normal grading. Sandstones are interlayered with mudstones 
and locally with conglomerate beds. Horizons very rich in fossil fragments like mollusks and 
high-grade of bioturbation, and mud-clast occur locally.

FAA8b

FAA8a

Alluvial deposits (c.f. Emilia Romagna Upper Synthem, Musone Synthem, Matelica Synthem).

bn1

CELLA MARLS FM.
Marls and clay marls white or light grey in colour, rich in micro- and macrofossils with poorly 
evident stratification. The thickness ranges from few m to 100 m.
Marine shallow-water environment.
EARLY PLIOCENE

CEA

FAA2b

FAA2a

FAA2e

FAA2d

FAA2c

Borello Sandstone Member
Alternation of sandstone and clay beds rich in fossils with tabular or lenticular geometry. 
This member is totally subdivided in lithofacies based on the grain-size and S/M ratio. The 
thickness ranges from few tens to 1000 m. Marine shelf environment.
 EARLY - MIDDLE PLIOCENE

Mudstone-sandstone lithofacies (FAA2a)
Fine to very fine sandstones and siltstones in thin beds alternated to dominant grey clays; 
S/M ratio <1. Clays are very rich in fossils, massive and bioturbated to laminated; sometimes 
abundant vegetal carbonious remains occur. 
Sandstone lithofacies (FAA2b)
Lenticular beds of sandstone interlayered with fossil-rich clays. Sandstones range from 
fine-medium to medium-coarse in grain-size and S/M>1. Sandstone beds are lenticular to 
tabular and sometimes show interlayering with conglomerates. They show turbidite structures 
as normal grading, plane-parallel and cross-lamination, clay-chips and amalgamation 
surfaces. Marine shelf environment.
Conglomerate lithofacies (FAA2c)
Thick beds of polygenic conglomerate, with amalgamation and lenticularity. They are both 
matrix-supported and clast-supported with sandy matrix. Clasts are well-rounded with high 
heterometricity and max size of 40-50 cm, 15 cm average. They are dominantly calcilutites, 
marly limestones and micaceous sandstones, sourced from Ligurian rocks. Sometimes a 
crude cross-bedding occur. Marine fan-delta.
Sandstone-mudstone lithofacies (FAA2d)
Alternation of mudstone and clayey sandstone beds with S/M>1. Beds are thin to thick and 
tabular or with lenticular geometry, sometimes showing erosional truncations. The thickness 
can exceed 150 m.
S. Maria Riopetra Olistostrome (FAA2e)
Chaotic level with clay matrix englobing fragments and blocks of rocks with Ligurian and 
Subligurian affinity. Blocks range in size from few tens of m to mappable ones. Maximum 
thickness is few hundreds of m. 
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Terraced alluvial deposits - (cf. Ravenna Subsynthem, Musone Synthem) 
Heterometric alluvial deposits formed by cobbles, pebbles, sands and muds, with rare discon-
tinuous peat levels and organic-rich soils, corresponding to the lower terraced alluvial 
deposits.
LATE PLEISTOCENE -HOLOCENE

Terraced alluvial deposits - (cf. Villa Verucchio Subsynthem, Matelica Synthem) 
Heterometric alluvial deposits formed by cobbles, pebbles, sands and muds, with rare discon-
tinuous peat levels and organic-rich soils,, corresponding to the terraced alluvial deposits 
up to 20 m high with respect to the present river bed.
LATE PLEISTOCENE

Terraced alluvial deposits - (cf. Bazzano Subsynthem) 
Heterometric alluvial deposits formed by cobbles, pebbles, sands and muds, with rare discon-
tinuous peat levels and organic-rich soils, corresponding to the terraced alluvial deposits 
more 20 m altitude with respect to the present river bed.
MIDDLE-LATE PLEISTOCENE

FAA

“ARGILLE AZZURRE” FM.
Clays and marly clays grey-blue in colour, rich in microfossils, with interlayered yellowish 
sandstones and silty clays. Coarse deposits and extraformational sliding bodies occur. Inner  
marine shelf environment.
EARLY PLIOCENE 
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