
Geologie en Mijnbouw 69: 69- 86, 1990. 
© 1990 Kluwer Academic Publishers. Printed in the Netherlands. 

Palaeotectonic significance of gravity displacement structures in 
the Miocene turbidite series of the M. Pollo Syncline 
(Umbro-Marchean Apennines, Italy) 

A .J . De Feyter,1 N. Molenaar,2 G . Pialli,3 M. Menichetti3 & F. Veneri4 

1 lstituto di Geologia dell' Universita, Universita degli Studi di Urbino, Via S. Chiara 27, 61029 Urbino (Ps), 
Italia; 2 Sedimentology Department, Institute of Earth Sciences, University of Utrecht, P. 0. Box 80.021, 
3508 TA Utrecht, The Netherlands; 3 Dipartimento di Scienze delta Terra, Universita degli Studi di Perugia, 
Piazza dell' Universita, 06100 Perugia, Italia; 4 lstituto di Geologia Applicata, Universita degli Studi di Urbino, 
Via M. Oddi 14, 61029 Urbino (Ps), Italia 

Received 25 March 1988; accepted 1 August 1989 

Key words: foreland basins, gravitational spreading, sedimentary gravity displacements, thin-skinned 
tectonics, Umbro-Marchean Apennines 

Abstract 

The Northern Apennines are characterized by more or less severely deformed elastic wedges which 
originated in elongate foredeeps. These foredeeps were generated successively at the expense of the Adriatic 
Foreland. A thick turbidite sequence accumulated in the Umbro-Romagnan Foredeep during the Middle to 
Late Miocene . The variability of this sequence indicates that sedimentation and deformation patterns 
migrated within individual foredeeps. Marked facies and thickness changes were caused by the successive 
subsidence of foredeep segments in response to ensialic shearing. Subsequent multi-level gravitational 
spreading resulted in the development of synformal sub-basins at a later stage of the turbidite cycle within the 
successive foredeep segments. The gravity displacement structures in the M. Pollo Syncline in the Umbro­
Marchean Apennines support such a differentiation. Additional ensialic shearing caused the out-of-se­
quence evolution of some thin-skinned structures. Ultimately, these were preferentially affected by exten­
sion tectonics associated with Tyrrhenian crustal stretching. 

Introduction 

The Northern Apennines form an integral part of 
the peri-Mediterranean system of Alpine chains, 
which resulted from differential movements be­
tween Africa and Europe. The Neotethyan oceanic 
basement of the most internal Apenninic zone, the 
Ligurian Zone, was completely subducted during 
the Late Cretaceous to Eocene. Subduction was 
caused by the convergence of the Adriatic and 
Sardo-Corsican continental blocks of African and 

European origin, respectively. The sedimentary 
covers of these blocks were thrust onto the conti­
nental margins (Boccaletti et al., 1980). Continued 
crustal shortening subsequently resulted in the 
Apenninic orogeny and thrust the orogen in a 
northeasterly direction over the Adriatic Foreland. 

Since the Late Triassic beginning of the Alpine 
cycle, a sequence of evaporites, platform carbon­
ates and pelagic siliceous carbonates and marls had 
accumulated on the Hercynian basement of the 
Adriatic foreland . Clastic wedges accumulated in 
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successively generated elongate foredeeps, from 
the Tuscan Zone to the more external Umbro­
Marchean-Romagnan Zone. The Tuscan and Um­
bro-Marchean-Romagnan terrains became pro­
gressively incorporated in the evolving orogenic 
belt. Since they largely maintained their original 
relative positions, they are referred to as the au­
tochthonous assemblage of the Northern Apen­
nines (cf. Ricci Lucchi & Ori, 1985; Ricci Lucchi, 
1986). This allochthonous assemblage comprises 
Ligurids and associated terrains that were em­
placed on the autochthon by gravity translations. 

The complex evolution of Apenninic foredeeps 
is exemplified in this paper by a reconstruction of 
the interaction between tectonics and sedimenta­
tion in a segment of the Umbro-Marchean-Romag­
nan Zone (Figs. 1 and 2). 

Foredeeps and tectono-stratigraphic domains 

Northern Apenninic foredeep sedimentation and 
deformation patterns migrated towards the stable 
Adriatic Foreland since the Oligocene (Merla, 
1951; Bortolotti et al., 1970; Ricci Lucchi, 1975, 
1981, 1986). A series of elastic wedges accumulated 
in consecutive longitudinal foredeeps. NW-SE 
trending tectono-stratigraphic domains (cf. Lavec­
chia et al., 1987), which are juxtaposed and partly 
superposed, resulted from the advancing, devel­
opping, orogen (Fig. 3). Their thrust displacement 
generally decreases towards the NE. 

In the Tuscan Zone, the Tuscan Nappe and the 
more external M. Modino-M. Cervarola Domain 
contain the elastic wedges of the Inner and Outer 
Tuscan Foredeeps, respectively. The elastic wedg­
es of the Umbro-Marchean-Romagnan Zone do 
not correlate as well with individual tectono-stra­
tigraphic domains. The internal portion of the elas­
tic wedge of the Umbro-Romagnan Foredeep com­
prises the Umbro-Romagnan parautochthon, 
while its external portion belongs to the Umbro­
Marchean-Romagnan autochthon. This last do­
main is adjacent to the stable Adriatic Foreland to 
the NE. It also comprises deposits that originated 
in the marginal Laga Foredeep and the complex 
Padan-Marchean-Adriatic Foredeep. Sedimenta-
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Fig. 1. The general structure of the Northern Apennines with an 
outline of Fig. 2. The buried thrust front of the Northern Apen­
nines is marked with a dashed line. 

tion and deformation still continue in the Mar­
chean offshore (Ori et al., 1986). 

Foredeep sedimentation and tectonics 

Turbiditic sedimentation, with a generally longitu­
dinal dispersal, prevailed in the Northern Apen­
ninic foredeeps with exception of the Padan-Mar­
chean-Adriatic Foredeep. The turbidite sequences 
are typically tripartite (Fig. 4), comprising a proto­
turbiditic marly basal part, a conspicuous arenace­
ous-marly orthoturbiditic interval and a largely 
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Fig. 3. Tectono-stratigraphic elements of the autochthonous assemblage of the Northern Apennines, with emphasis on the Umbro­
Marchean Apennines. The Poggio Castellaccio Unit represents a counterpart of the M. delle Portole/M. Salaiole-M. Urbino Unit. For 
comparison the classification applied by Ten Haaf & Van Warne! (1979) is shown. Elements with a combined structural and 
palaeogeographic significance are marked with an asterisk. Roman numbers refer to sections of Fig. 4. 

marly cataturbiditic top part (Bortolotti et al., 
1970; Sagri, 1973; Burger et al., 1978). 

The elastic wedges frequently display gravity dis­
placement structures and lateral facies and thick­
ness variations. This points to the synsedimentary 
development of longitudinal ridges, not only be­
tween, but also within individual foredeeps (De 
Jager, 1979; Ricci Lucchi & Ori, 1985; Ten Haaf, 
1985; Ori et al., 1986). This morphology was 
caused by detachment tectonics that affected the 
substrata of the pertinent foredeeps. Usually, a 
sole fault developed in Upper Triassic evaporites 
above the Hercynian basement. Additional signif­
icant detachments took place in the prototurbiditic 
marls at the base of some elastic wedges, accentu­
ating the bipartite character of the sedimentary 
cover. 

General stratigraphy and structure of the 
Umbro-Marchean Apennines 

The southern sector of the Umbro-Marchean-Ro­
magnan Zone is formed by the Umbro-Marchean 

Apennines. They are separated from the Romag­
nan Apennines to the northwest by the Monte­
feltro Colata, a transversal gravity flow of alloch­
thonous terrains (Figs 1 and 2). The pre-turbiditic 
Umbro-Marchean Sequence and the overlying 
largely turbiditic Umbro-Romagnan Sequence 
form the sedimentary cover of the external portion 
of the Northern Apennines (Fig. 5) . 

The base of the Umbro-Marchean Sequence is 
formed by the Upper Triassic Burano Anhydrites 
Formation. This formation is overlain by massive 
platform carbonates of the Liassic Calcare Massic­
cio Formation and Liassic to Middle Eocene pelag­
ic siliceous carbonates and marls (Corniola, Rosso 
Ammonitico, Calcari Diasprini, Maiolica, Marne a 
Fucoidi and calcareous Scaglia Formations). The 
Middle Eocene to Lower Miocene upper part of 
the Umbro-Marchean Sequence consists of the 
marly Scaglia and the calcareous-marly Bisciaro 
Formation. 

The overlying Umbro-Romagnan turbidite se­
quence comprises prototurbiditic marls of the Mid­
dle Miocene Schlier Formation, the thick orthotur­
biditic Marnoso-arenacea (i.e. marly-arenaceous) 
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Fig. 4. Temporal distribution of tripartite turbidite sequences in 
the autochthonous assemblage of the Northern Apennines. The 
migration of foredeep sedimentation patterns towards the sta­
ble Adriatic Foreland to the right is evident. Ages are partly 
from Bortolotti et al. (1970), Damiani et al. (1983) and Gunther 
& Reutter (1985). 

Formation of Middle to Late Miocene age, and 
Upper Miocene cataturbiditic marls with some are­
naceous intervals. The Marnoso-arenacea Forma­
tion is subdivided in an internal ('A') and an ex­
ternal ('B') variety. Messinian evaporites and 
younger molasse deposits form the top of the Um­
bro-Romagnan Sequence to the NE. 

The Umbro-Marchean Apennines are a thin­
skinned fold-and-thrust belt with longitudinal 
chains of more or less severly faulted brachyanti­
clines and complex highs, separated by synclinal 
zones with isolated positive structures (Fig. 2). A 
sole fault, generally situated in the incompetent 
Burano Anhydrites Formation, separates the de­
formed sedimentary cover from the largely sub­
horizontal Hercynian basement, as demonstrated 
by gravimetric and refraction seismic surveys (Pin­
na & Giannessi, 1981; Lavecchia et al., 1984). The 
anticlinal chains originated simultaneously through 
buckling, whereby the competent Calcare Massic­
cio Formation acted as the dominant member of 
the detached cover. Failure of this formation in the 
cores of the incipient anticlines induced stepped 
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thrusting, which affected the chains successively 
towards the NE, causing accentuated and asymm­
metrical fold shapes (Selli, 1952; Lavecchia, 1981; 
De Feyter et al. , 1986; Lavecchia et al., 1987). 
Upper flats commonly developed in the marly in­
tervals near the contact between the Umbro-Mar­
chean and Umbro-Romagnan Sequences. Splay 
thrusting and tight folding of the overlying terrains 
accommodated the superficial shortening in the 
crestal zones of more external anticlines (De Fey­
ter & Menichetti , 1986; Pieri & Mattavelli, 1986). 
Despite its displaced character, this deformed cov­
er is ascribed to the Umbro-Marchean-Romagnan 
autochthon, since only discontinuous thrusts sep­
arate it from the stable Adriatic Foreland (Decan­
dia & Giannini, 1977). 
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The autochthon solely comprises the Umbro­
Marchean Sequence in the internal part of the Um­
bro-Marchean Apennines. It is exposed in several 
relatively isolated anticlines. The overlying Um­
bro-Romagnan terrains form an independently de­
formed thrust sheet (Jacobacci et al., 1970; De 
Feyter et al., 1986). This superficial parautochthon 
was translated several kilometres towards the sta­
ble Adriatic Foreland along a detachment surface 
at the base of the Umbro-Romagnan turbidite se­
quence. The parautochthon overrides the more ex­
ternal autochthonous Umbro-Romagnan terrains 
at a major thrust front, which can be traced through 
the Romagnan Apennines to the NW (Ten Ilaaf & 
Van Warne!, 1979; De Feyter et al., 1986). 

Major normal faults dissect the compressive fea­
tures in the internal portion of the Umbro-Mar­
chean Apennines. They originated during the Late 
Pliocene to Pleistocene in response to crustal 
stretching associated with the opening of the Tyr­
rhenian Sea (Lavecchia et al., 1984, 1987). 

Tectono-stratigraphic units of the parautochthon 

Typical of the Umbro-Romagnan parautochthon 
are NE-facing asymmetric synclines separated by 
SW-dipping reverse listric faults of considerable 
longitudinal continuity, the so-called 'struttura ro­
magnola' (Signorini, 1941, 1956; Selli, 1952). These 
dislocations fade into asymmetric anticlines espe­
cially in the northwestern part of the Romagnan 
Apennines (De Jager, 1979; Ten Haaf & Van Wa­
mel, 1979; Ten Haaf, 1985). The major structures 
are of synsedimentary origin as evidenced by trans­
versal facies and thickness variations and gravity 
displacement structures (Ricci Lucchi & Ori, 1985; 
Ricci Lucchi, 1986). The synclinal blocks are there­
fore classified as tectono-stratigraphic units. The 
different ages of turbidite stages in the consecutive 
units (Fig. 4) demonstrate that sedimentation pat­
terns and deformations in the corresponding sub­
basins of the Umbro-Romagnan Foredeep migrat­
ed discontinuously towards the stable Adriatic 
Foreland in accordance with the general Apenninic 
picture (Micarelli, 1969; Ricci Lucchi, 1975, 1981, 
1986; Damiani et al., 1983; Cantalamessa et al. , 

1986; Menichetti & Pialli, 1986; Lavecchia et al., 
1987). Units belonging to one sub-domain merely 
differ in the upper parts of their sedimentary suc­
cessions, which points to their relatively late indi­
vidualization. Larger stratigraphic divergences be­
tween units belonging to different sub-domains in­
dicate an earlier separation. The degree of stra­
tigraphic discrepancy is thus of palaeotectonic 
significance. 

The M. Nero Unit and the composite M. delle 
Portole/M. Salaiole-M. Urbino Unit are the most 
internal units of the parautochthon in the Umbro­
Marchean Apennines (Fig. 2). The M. delle Por­
tole/M. Salaiole-M. Urbino Unit is possibly an 
equivalent of the Poggio Castellaccio Unit defined 
in the Romagnan Apennines by Ten Haaf & Van 
Warne! (1979). In the more external parautochtho­
nous sub-domain, comprising the Pietralunga, 
Borgo Pace and M. Vicino Units, the Marnoso­
arenacea Formation A is bipartite. Its Upper Lang­
hian to Middle Serravallian lower part consists pre­
dominantly of Austro-Alpine derived elastics that 
were supplied longitudinally from the NW. Volu­
metrically less important are calcareous turbidites, 
called 'colombine' , derived from the Lazio-Abruz­
zi carbonate platform to the south of the Umbro­
Romagnan Foredeep, and 'Contessa' megaturbi­
dites supplied by more internal mobile terrains of 
allochthonous affinity (Ricci Lucchi & Pialli, 1973; 
Centamore et al. , 1977; Ardanese et al., 1983; 
Gandolfi et al., 1983). Sedimentation took place on 
a sub-horizontal basin plain as evidenced by the 
bimodal longitudinal dispersal pattern and the lat­
eral continuity of individual turbidite layers (Ricci 
Lucchi, 1975, 1981, 1986). The contact between the 
Marnoso-arenacea and Schlier Formations in the 
frontal segment of the parautochthon is diachro­
nous, indicating the external basin plain edge (Mi­
carelli , 1969; Jacobacci et al. , 1974; Centamore et 
al. , 1977; Cantalamessa et al. 1986; De Feyter et 
al., 1986). 

The Upper Serravallian to Lower Tortonian up­
per part of the Marnoso-arenacea Formation A is 
completely developed only in the external portion 
of the parautochthon. It is entirely composed of 
turbidites of NW origin, like the coeval Marnoso­
arenacea Formation B of the adjacent autochthon. 



The deposition of both varieties was progressively 
influenced by evolving longitudinal structures 
(Ricci Lucchi, 1975, 1981, 1986). 

Thick cataturbiditic deposits accumulated sub­
sequently in the synformal sub-basins of, in partic­
ular, the M. Vicino Unit and the adjacent autoch­
thon. These deposits largely consist of material 
derived from more internal Apenninic source areas 
( Centamore et al., 1977). 

Synsedimentary origin of the M. Pollo Syncline 

The more or less asymmetric NE-vergent M. Pollo 
Syncline forms the Borgo Pace Unit (Figs. 6 and 7). 
This unit is juxtaposed and partly superposed on 
the M. Vicino Unit to the northeast along a reverse 
listric fault. A similar dislocation, which locally 
fades into an asymmetric anticline, separates the 
Borgo Pace Unit from the more internal Pietra­
lunga Unit. Furthermore, it is flanked by the fault­
ed brachyanticlinal structure of Gubbio, formed by 
Umbro-Marchean autochthonous terrains. 

Up to 150 m of Lower to Upper Langhian proto­
turbiditic Schlier marls form the base of the Um­
bro-Romagnan turbidite sequence in the studied 
segment of the Borgo Pace Unit (Fig. 6) . The over­
lying Upper Langhian to Middle Serravallian lower 
part of the Marnoso-arenacea Formation A has a 
thickness of more than 1500 m north of San Paolo di 
Fagnille. Its thickness gradually decreases towards 
the SE. The lower boundary gradually becomes 
younger in the same direction. The inferred basin 
plain depositional environment was largely unaf­
fected by superficial tectonics, as indicated by the 
local obliquity of the palaeocurrent pattern to the 
principal compressive structures (Fig. 6) . A similar 
slight obliquity is displayed by the NE-ward thin­
ning and diachronism of the Marnoso-arenacea 
Formation A. This trend is restricted to the M. 
Vicino Unit near S. Paulo di Fagnille. Towards the 
southeast the same trend is displayed by the ex­
ternal limb of the M. Pollo Syncline as well . 

The upper part of the Marnoso-arenacea Forma­
tion A near Borgo Pace consists of an Upper Serra­
vallian mainly arenaceous interval. This interval 
occurs in the hinge zone of the M. Pollo Syncline, 
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( Cantalamessa et al., 1986), affirming the Middle 
to Late Serravallian origin of the latter. There are 
no indications of massive turbiditic sedimentation 
after the basin plain stage further to the SE. In­
stead, the top part of the Marnoso-arenacea For­
mation A contains several SW-derived sedimen­
tary gravity displacement structures. They are 
mainly of late middle to Late Serravallian age and 
are commonly situated near the hinge of the M. 
Pollo Syncline (Fig. 6) . The major gravity displace­
ment structures occur in depressions of the syn­
clinal axis. This gives evidence for the primary 
origin of these axial depressions. 

More or less lenticular poorly cemented arem1ce­
ous turbidites with abundant clayey clasts are asso­
ciated with the major gravity displacement struc­
tures. These 'sale e pepe' layers are local phenom­
ena, resulting from the reworking of regular Mar­
noso-arenacea turbidite deposits southwest of the 
pertinent depressions. 

S. Paolo di Fagnille slump sheet 

The well-known S. Paolo di Fagnille slump sheet 
fills an axial depression of the M. Pollo Syncline at 
S. Paolo di Fagnille (Fig. 6) (Principi, 1931; Si­
gnorini, 1941; Jacobacci et al. , 1970, 1974). This 
slump sheet has an areal extent of more than 5 km2 

and attains a thickness of almost 30 m near its 
northern and eastern margins. Its internal structure 
is bipartite there, with a strongly folded and faulted 
marly-arenaceous lower part and a predominantly 
marly upper part which displays more complex de­
formations (Fig. 8). Faults and attached folds at the 
base of the slump contain uprooted material from 
the otherwise undisturbed substratum. Dislocation 
surfaces with fibrous calcite and local cleavages in 
marly horizons are common in the lower part of the 
deformed level, similar to gravity displacement 
structures that are intercalated in the Umbro-Ro­
magnan turbidite sequence elsewhere (De Jager, 
1979; Ten Haaf & Van Wamel, 1979; Ten Haaf, 
1985). 

The northern and eastern marginal parts repre­
sent the toe of the slump sheet as indicated by the 
considerable thickness and contractional internal 
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deformations (cf. Lewis, 1971). The disturbed level 
at the western margin is largely marly and only a 
few metres thick, pointing to the proximity of the 
head of the slump. The orientations of synsedi­
mentary deformation structures indicate NE-ward 
slumping down the internal limb of the M. Pollo 
Syncline, with a longitudinal deflection in its hinge 
zone. 

Madonna del Carmine slump sheet 

Near Madonna del Carmine (Fig. 6) the M. Pollo 
Syncline contains another, less extensive, marly­
arenaceous slump sheet, which again is of SW ori­
gin. The folded and faulted toe of this structure lies 
on a very regular dislocation surface of fibrous 
calcite (Fig. 9) . Its substratum is essentially un­
deformed with the exception of some low-angle 
fractures. 



Fig. 8. The longitudinally deflected toe of the slump sheet of S. Paolo di Fagnille. Note the bipartite character of the stump sheet and the uprooted substratum. The same 
structures appear on either side of the semicircular outcrop, affirming the northward direction of slumping. A thick colombir.a turbidite stands out among the overlying turbidites. 
The maximum height of the outcrop is 60m. The drawing is partly traced from photographs. 
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Fig. 9. Basal part of the toe of the slump sheet of Madonna de! Carmine. A discrete surface with fibrous calcite (visible just above the 
thin whitish calcareous marl layer 1 m above the hammer) separates it from the markedly undeformed substratum. This is merely 
dissected by low-angle fractures, occasionally showing a minor reverse offset, that dip against the inferred NE-ward slumping direction. 

Madonna della Cima detached flap 

A number of complex deformation patterns can be 
recognized within the M. Pollo Syncline near Ma­
donna della Cima (Figs. 6 and 10). A 30m thick 
SW-derived gravity displacement structure with an 
areal extent of 0.01 km2 is present at the top of the 
Marnoso-arenacea Formation A. Unlike the slump 
sheets described before, the constituting layers are 
mainly overturned. Severe disruption of layers is 
confined to the basal part of the structure and to 
several contractional listric faults branching off its 
basal dislocation surface. The displaced slab close­
ly resembles the upper part of its substratum with 
respect to the lithostratigraphy. In front of it, the 
substrata are overlain by a shoved-up interval with 
thick sale e pepe turbidites and a minor slump sheet 
of SW origin, the result of sedimentation that was 

penecontemporaneous with the gravity displace­
ment. 

Signorini (1956) and Hsii (1967) interpreted 
overturned slabs of turbiditic terrains in the North­
ern Apennines as the lower limbs of possibly dis­
rupted recumbent anticlines that face the direction 
of gravity displacement. The deformation style of 
such an overturned slab at Madonna della Cima 
points to a downslope movement of a detached 
overturned slab. More or less in accordance with 
the model proposed by Valduga (1950) and Max­
well (1959), this slab probably originated on the 
submarine slope bordering the M. Pollo Syncline to 
the southwest in the same way as a type of subaerial 
gravity collapse structures reported from the Za­
gros orogenic belt (Harrison & Falcon, 1934). Be­
low an initial stratal disruption, possibly related to 
an earlier knee fold , superficial terrains could have 
bent over backwards under the influence of gravity 
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Fig. 10. Detailed section across the hinge zone of the M. Pollo Syncline at Madonna della Cima. Gravity displacement structures and 
cannibalistic sale e pepe turbidites, which are derived from the SW, lie on top of the basin plain succession of the Marnoso-arenacea 
Formation A. This reflects the synsedimentary generation of the syncline. Stratigraphic facing is indicated. The structural affiliations are 
shown in the inset. 

to form a flap, i.e. the overturned upper limb of a 
NE-facing recumbent syncline. The flap grew at 
the expense of its substratum as the synclinal hinge 
migrated downslope, ultimately being detached 
and gliding towards its actual position. 

The M. Pollo Syncline also displays deeper-seat­
ed contractional structures at Madonna della Ci­
ma. These evolved penecontemporaneously with 
the emplacement of the detached flap while the 
upper 60 m of the Marnoso-arenacea Formation A 
moved slightly downslope on the southwestern 
limb of the syncline. This is still considered a sedi­
mentary gravity displacement process, although it 
approaches the dimensions of gravity tectonics (cf. 
Lewis, 1971). 

Structural evolution of the Umbro-Romagnan 
Foredeep 

The spatial and temporal distribution of sedimen­
tary phenomena reflects the tectonic processes that 
determined the evolution of the Umbro-Romag­
nan Foredeep. The markedly diverse ages of the 
turbiditic stages in the Ultra-Romagnan and Um­
bro-Romagnan sub-domains of the parautochthon 

and in the adjacent autochthon suggest that these 
originated as more or less individually subsiding 
foredeep segments. For instance, the 1500m of 
Upper Langhian to Middle Serravallian Marnoso­
arenacea A basin plain turbidites of the external 
Umbro-Romagnan parautochthon were deposited 
concurrently with about 200 m of prototurbiditic 
Schlier marls of the adjoining autochthon. This 
implies a considerable subsidence of the basin floor 
relative to the more external portions of the evolv­
ing foredeep. The latter subsequently subsided by a 
similar amount , as indicated by maximum thick­
nesses of about 2 km of the Upper Serravallian to 
Lower Tortonian Marnoso-arenacea B orthoturbi­
dites in the autochthon. Superficial factors , such as 
deformations of the Umbro-Marchean substrata, 
were of little importance to these differential verti­
cal movements. Instead, a flexural bending of the 
continental lithosphere beneath active foredeep 
segments must be invoked (e .g., Fig. 11, stages 1 
through 4). Lavecchia et al. (1987) stressed the 
significance of superficial loading by evolving 
thrust sheets at the internal margin of the Umbro­
Romagnan Foredeep. Despite the additional effect 
of rapid sedimentation in subsiding foredeep seg­
ments ( Gretener, 1981), surface loads alone cannot 



account for the inferred flexural bending (Ricci 
Lucchi, 1986). In fact, the orthoturbiditic stage in 
the various segments of the Umbro-Romagnan 
Foredeep typically preceded major thrusting at 
their internal margin. Furthermore, the autochtho­
nous assemblage of the Northern Apennines was 
mainly deformed by detachment tectonics, with 
extensive tectonic duplications restricted to the 
Tuscan N appe. The overriding frontal segments of 
the thrust sheets usually consist of the thin marginal 
parts of the corresponding sedimentary units. 
Loading by allochthonous terrains could also not 
have been of great importance considering their 
patchy distribution. It is thus evident that subsur­
face loads played a vital role in the evolution of the 
Umbro-Romagnan Foredeep. The generation of 
successively subsiding foredeep segments and the 
associated migration of the onset of orthoturbiditic 
sedimentation were probably controlled by crustal 
imbrication along SW-dipping shear zones, moving 
discontinuously upon the Adriatic Foreland (Sagri, 
1973; Boccaletti et al., 1980). A connection with 
similar ensialic shearing has been demonstrated for 
the Padan-Marchean-Adriatic Foredeep (Royden 
et al., 1987). 

No deep-seated tectonics are required to account 
for the differentiations at a more advanced stage of 
the turbidite cycle within, as well as between, the 
principal foredeep segments. Ultimately, the vari­
ous tectono-stratigraphic units resulted from this 
differentiation. The generation of the M. Pollo 
Syncline during the middle to Late Serravallian 
(Fig. 11, stages 3 and 4) was solely due to deforma­
tions above the evolving shallow detachment sur­
face at the base of the future parautochthon. This is 
evidenced by the distribution of gravity displace­
ment structures and arenaceous facies in the hinge 
zone of the M. Pollo Syncline irrespective of the 
autochthonous Gubbio Anticline to the southwest 
(Fig. 6). About coeval gravity displacement struc­
tures, predominantly derived from the SW, occur 
in a similar structural position in the other parau­
tochthonous units of the Umbro-Marchean Apen­
nines. The M. Vicino Unit contains some minor 
slumps northeast of San Paolo di Fagnille (De Pey­
ter et al., 1986). Larger slumps and slides, accom­
panied by a few olisthostromes of Tuscan and al-
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lochthonous elements between Pietralunga and 
Gualdo Tadino, are present in the Pietralunga Unit 
(Jacobacci et al., 1970, 1974; De Feyter, 1982). The 
adjacent M. delle Portole/M. Salaiole-M. Urbino 
Unit displays numerous olisthostromes and olis­
thoplakhas of similar origin (Ricci Lucchi & Pialli, 
1973; Damiani et al., 1983). The more internal M. 
Nero Unit comprises slumps north of Citta di Cas­
tello. The most conspicuous counterparts of these 
Serravallian gravity displacement structures in the 
Romagnan Apennines are extensive slump sheets 
that are present in the Poggio Castellaccio Unit 
(Ricci Lucchi, 1975, 1981; De Jager, 1979; Ten 
Haaf & Van Warne!, 1979; Ten Haaf, 1985). 

The M. delle Portole/M. Salaiole-M. Urbino 
Unit also contains olisthostromes of early Late 
Langhian age (Damiani et al., 1983; Menichetti & 
Pialli 1986). These olisthostromes belong to a gen­
eration of gravity displacement structures which 
only occur in the Internal Umbro-Romagnan sub­
domain of the parautochthon. Lower to Middle 
Tortonian gravity displacement structures on the 
other hand are more common in the M. Vicino 
Unit and the adjacent autochthon. 

The distribution of the various generations of 
gravity displacement structures reflects the discon­
tinuous advance of topographic differentiation to­
wards the Adriatic Foreland. The topography was 
fashioned by deformation pulses affecting progres­
sively larger portions of the Umbro-Romagnan 
Foredeep. Thus, the longitudinal sub-basins, 
wherein the tectono-stratigraphic units of the pa­
rautochthon accumulated, were outlined by asym­
metric anticlinal highs generated at the tip of the 
intermittently propagating detachment surface 
which separated it from the autochthon. Subse­
quent reverse listric faulting accentuated and even­
tually disrupted these structures (Fig. 11, stages 4 
through 6). 

The sequential mild internal deformations of the 
relatively thin and incompetent parautochthonous 
thrust sheet indicate a NE-ward gravitational 
spreading (Elliot, 1976; Cooper, 1981). The val­
idity of this mechanism is demonstrated by the 
penecontemporaneity of the incipient differentia­
tion in the Inner Umbro-Romagnan foredeep seg­
ment at the beginning of the Late Langhian and the 
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--Fig. 11. Schematized tectono-stratigraphic evolution since the 
Early Miocene along a transect partly coincident with cross 
section B-B' of Fig. 7. The Calcare Massiccio Formation serves 
as a reference level. Sea level is inferred where appropriate. 
Possible large-scale tiltings, cataturbiditic sedimentation within 
the M. Vicino Syncline, and syntectonic erosion are not shown. 
Gravity displacements are only indicated in the M. Pollo Syn­
cline. Stage 1: Onset of prototurbiditic sedimentation. Stage 2: 
Onset of orthoturbiditic sedimentation on the subsiding Umbro­
Romagnan basin plain, while prototurbiditic sedimentation per­
sists more externally. Stages 3 and 4: Progressive differentiation 
of Umbro-Romagnan basin plain. The resultant gravity dis­
placements in the incipient M. Pollo Syncline are indicated by an 
arrow. Relative subsidence determines the onset of orthotur­
biditic sedimentation and additional thin-skinned deformations 
mote externally. Stal'le 5. Continued 11iulli-lcvd Jdad1111c11t 
tectonics. Onset of cataturbiditic sedimentation in the M. Vici­
no Syncline and more externally. Stage 6: Continued multi-level 
detachment tectonics and cataturbiditic sedimentation. Stage 7: 
Principal translation of the Umbro-Romagnan parautochthon 
and thin-skinned deformation of the adjacent Umbro-Mar­
chean-Romagnan autochthon. Stages 8 and 9: Superficial out-of 
sequence evolution of the Gubbio Anticline. Stage 10: Present­
day situation, after the formation of the Assino Graben and 
erosion. 

onset of orthoturbiditic sedimentation of the Mar­
noso-arenacea Formation A in the next external 
foredeep segment. Within the latter, the thickness 
of the Umbro-Romagnan deposits was not yet suf­
ficient to allow the propagation of the superficial 
detachment tectonics (cf. Gretener, 1981). Longi­
tudinal structures including the M. Pollo Syncline 
were moulded here by the deformation pulse of the 
middle to Late Serravallian. This deformation 
pulse also accentuated the Ultra-Romagnan sub­
basins. Again, gravitational spreading was appar­
ently caused by more external relative subsidence, 
where the orthoturbiditic Marnoso-arenacea For­
mation B started to accumulate (Fig. 11, stage 4). 
These Middle Miocene synsedimentary tectonics 
were sequential to similarly induced deformation 
pulses in the Outer Tuscan Foredeep, as indicated 
by the tectono-stratigraphic resemblance of the pa­
rautochthon and the M. Modino-M. Cervarola Do­
main (Gunther & Reutter, 1985). Therefore, the 
Umbro-Romagnan parautochthon and the M. Mo­
dino-M. Cervarola Domain are probably underlain 
by a common shallow detachment surface (De Jag­
er, 1979; Ten Haaf & Van Wamel, 1979). 
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The Early to Middle Tortonian gravity displace­
ments mark the Late Miocene main translation of 
the parautochthon towards the Adriatic Foreland. 
They especially affected the synformal sub-basins 
next to the evolving thrust front as these were 
accentuated by hangingwall and footwall imbrica­
tion (De Feyter et al., 1986). Unlike the previous 
deformation pulses, the extensive Late Miocene 
gravitational spreading must be attributed to major 
uplift in more internal parts of the orogen (Bocca­
letti et al., 1980). 

During the Early Miocene, mild buckling above 
the sole fault in the Burano Anhydrites Formation 
resulted in the emersion of incipient anticlinal 
chains in the autochthon, as indicated by thickness 
variations of the Bisciaro Formation (not shown in 
Figure 11). These anticlinal chains were notably 
amplified by further buckling and stepped thrust­
ing from the Late Serravallian onward. Apparent­
ly, the levelling of the basement of the Umbro­
Romagnan Foredeep at that time permitted the 
expansion of the thin-skinned tectonics (Fig. 11, 
stage 4). Their migration on a regional scale to­
wards the Adriatic Foreland is compatible with 
gravitational spreading (Elliott, 1976; Cooper, 
1981). The Umbro-Marchean Chain, composed of 
systematically arranged structures such as the M. 
Nerone-M. Catria and M. Cucco Anticlines (Fig. 
2), evolved simultaneously with the shallower grav­
itational spreading of the more internal parautoch­
thon. This is evidenced by severe deformations 
generated in anticlinal backlimbs which oppose the 
front of the latter (De Feyter et al., 1986). 

The origin of the Gubbio Anticline 

The faulted Gubbio Anticline is an autochthonous 
structure of Umbro-Marchean terrains , surround­
ed by the Umbro-Romagnan parautochthon (Figs 
2, 6 and 7). Both its location and a relatively thin 
Bisciaro Formation suggest that it represents an 
anticlinal chain of Early Miocene origin. However , 
unlike the Umbro-Marchean Chain, it was not 
markedly amplified prior to the termination of the 
gravitational spreading of the parautochthon, as 
indicated by the linearity of more external longitu-
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dinal structures in the latter. The thick Umbro­
Romagnan turbidite sequence of the parautoch­
thon possibly inhibited thin-skinned deformation 
of the underlying Umbro-Marchean terrains (cf. 
Morley, 1987). The anticline probably developed 
by renewed buckling and stepped thrusting during 
the late Miocene to Early Pliocene (Fig. 11, stages 8 
and 9). The detachment surface at the base of the 
parautochthon was reactivated as a forelimb back 
thrust, which accommodated most of the frontal 
hanging wall strain (De Feyter & Menichetti, 
1986). Furthermore, out-of-the-syncline back 
thrusts and fore thrusts originated in the tightening 
M. Pollo Syncline, while more externally a triangle 
zone between the Bargo Pace and M. Vicino Units 
(Menichetti & Pialli, 1986) was slightly accentu­
ated. 

An orogenic process other than the regular grav­
itational spreading of the Umbro-Marchean-Ro­
magnan autochthon must have generated the su­
perficial out-of-sequence evolution of the Gubbio 
Anticline. The same applies to the more internal 
autochthonous structures of the Massicci Perugini 
(Fig. 2), since these did not interfere with the grav­
itational spreading of the parautochthon either. In 
fact, they are accompanied by thrusted basement 
slices, suggesting that they were amplified by en­
sialic shearing (Lavecchia et al., 1984, 1987). Ac­
cordingly, more external splaying could have am­
plified the Gubbio Anticline. However, the possi­
bility that this anticline evolved directly above a 
separate basement shear zone cannot be excluded. 
After the relaxation of compressive stresses, the 
resulting structures were preferentially affected by 
normal faulting associated with the Tyrrhenian 
crustal extension. This is exemplified by the Late 
Pliocene to Pleistocene formation of the Assino 
Graben at the expense of the backlimb of the Gub­
bio Anticline (Fig. 11, stage 10). The regional im­
portance of these inversion tectonics is demon­
strated by the downfaulted backlimbs of the au­
tochthonous anticlines of M. Subasio and Monti 
Martani further to the south, which possibly belong 
to the same arcuate chain as the Gubbio Anticline 
and likewise are situated amongst the parautoch­
thon. 

Conclusions 

The tectono-stratigraphic evolution of complex 
foreland basin systems has been derived from the 
analysis of the spatial and temporal distribution of 
sedimentary features in the basin fill. In the parao­
tochthon of the Umbro-Marchean-Romagnan 
Zone, gravity displacement structures reflect the 
differentiation of turbiditic foredeep segments into 
synformal sub-basins due to superficial gravitation­
al spreading, which in turn resulted from migratory 
ensialic shearing. Possibly, such sedimentary fea­
tures have a similar palaeotectonic significance in 
the M. Modino-M. Cervarola Domain. The au­
tochthon of the Umbro-Marchean-Romagnan 
Zone was deformed independently by deeper-seat­
ed gravitational spreading that locally was succeed­
ed by ensialic shearing. 
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