




INTRODUCTION

The analysis of the role played by the
preexistent discontinuities (normal faults
connected with palaeomargin evolution and/or
foreland bending of the chain itself) has been
acquiring increasing importance in the study of
the external portions of mountain chains.
Indeed, detailed work carried out in external
zones of the Appalachians, the Western Alps and
the northern sector of the Pyrenees has led to an
inversion tectonics context being evidenced;
this includes reutilization of the preexistent
normal faults as inverse motifs or their passive
transport with a possible rotation inside the
folds connected with the thrusts (BUTLER, 1989;
WELBON, 1988; GILLCRIST et alii, 1989;
MCCLAY, 1989). The role played by the
preexistent discontinuities on the thrust system
geometry has been analysed also in the
Apennines. Recent works have shown that the
palaeomargin architecture exerted a clear
control over the foredeep physiography and the
3D geometry of the chain structures that display
a short-cut trajectory with respect to the pre- or
syn-orogenic normal faults (BRUNI et alii, 1996;
TAVARNELLI, 1996; SCISCIANI et alii, 2001;
CALAMITA et alii, 2002) or an inversion sensu
strictu (ARGNANI et alii, 1993; ARGNANI &
GAMBERI, 1995; COWARD et alii, 1999).

METHODOLOGY

The investigations began with a detailed
geological survey based on the identification of
the Triassic-Pliocene stratigraphic units cropping

out in the sectors examined and of the main
tectonic discontinuities (Figs. 1A-C). The timing
of the syn-sedimentary normal faults was
reconstructed on the basis of facies and thickness
variation and of the ages of the successions
involved (Figs. 2 and 13-16).
The evaluation of the displacements and
original features, and the reconstruction of pre-
orogenic extensional fault system distribution
were evidently modified by the extensive
Quaternary reactivation and by the overprinting
of the Pliocene compressional tectonics. These
compressional elements (thrusts and folds)
fragmented the Mesozoic and Cenozoic
stratigraphic-structural pictures, which were
dominated by rifting and foreland bending
respectively.
This complex overlaying of deformational
structures belonging to tectonic regimes of
different significance and age can be explained by
the restoration of geological sections along
transects, across significant outcrops (Figs. 8-11).
The choice of the most significant key areas on
which to perform detailed and combined macro-
and meso-structural analyses logically derived
from a direct knowledge of the study area, which
allowed the basic geologic mapping to be carried
out. The stratigraphy, tectonics and kinematics of
the individual key areas constrained the two-
dimensional restoration (Fig. 11a).
The main objective of this operation is to
understand the meaning of the numerous faults
present, to assess their displacement, to
determine their relationship and to establish the
age of their activation and/or reactivation.
In particular, the 3D geometry of the thrust

planes was reconstructed using branch and cut-
off line methodology (BOYER & ELLIOT, 1982;
HOSSACK, 1983).
The branch lines are where the thrusts branch
together. Thrust sheets will have a limited spatial
extent and be surrounded by branch lines with
segments that are eroded and buried (Fig. 19a).
The cut-off lines represent the intersection
between the thrust plane and the stratigraphic
markers.
These lines mimic the ramps, and the
hangingwall and footwall cut-off lines should be
parallel to each other. Their distance on the map
allowed the evaluation of the horizontal
component of the thrust displacement parallel to
the direction of the tectonic transport (Fig. 19b).
The classical criteria of structural geology and
stratigraphy were adopted to study the normal
faults. The geometric analysis allowed a
definition of the fault plane dip-angle, its cut-off
angle with respect to the bedding and the dip of
the bedding in the respective hangingwalls and
footwalls of the fault (Fig. 12).
The kinematic analysis allowed the
identification of the relative movement of the
blocks, both with regard to the main plane and
to the synthetic planes associated with it.
Mechanical striae were considered (Figs. 12 and
17), as well as possible fabrics, in particular
characterising the fault rocks associated with the
thrust planes (Fig. 7). Relative and absolute
dating of the faults was carried out. The absolute
dating is constrained by the ages of the most
recent deposits involved and of the ancient ones
not involved, by the age of the formations
displaying lateral variations in thickness and

Gran Sasso thrust system

229

Fig. 1C - Geological map; see Fig. 1a for location. 



facies between the hangingwall and the
footwall, as well as by the presence of
megabreccias associated with the palaeoscarps,
which are controlled by the fault activity, and by
neptunean dykes (Figs. 2 and 13-16).
The Quaternary activity of the normal faults, well
documented by the presence of fault scarps (Fig.
17) where dislocated continental Quaternary
deposits can often be observed, was defined by
means of the amount of geomorphologic
displacement calculated on the basis of the
displacement of plane-surface remnants, as
proposed by COLTORTI & PIERUCCINI (2000) and
PIZZI et alii (2002). This criterion thus allowed
identification of the faults that exclusively
showed Quaternary activity, in which geological
displacement is equal to geomorphologic
displacement, whereas the faults that were
reutilized in the Quaternary show higher
geological than geomorphologic displacement. 
The relative chronology was established on the
basis of cross-cut relationships (Figs. 1A-C and
6), kinematic and deformational compatibility,
and the compatibility of the structures with
vertical axis rotation as revealed by
palaeomagnetism. Moreover, the restoration of

the geological sections allowed the reconstructed
chronological relationships to be further
constrained (Fig. 11a). Finally, the Messinian
foredeep physiography was reconstructed using
the variations in thickness and in facies of
siliciclastic deposits; this allowed the geometry
and bending mechanisms, as well as their
relationship with the Mesozoic palaeomargin
architecture (Figs. 20-22), to be evidenced and/or
hypothesized for the foreland.

GEOLOGICAL SETTING

The Gran Sasso thrust forms a spectacular salient
structure of the central external Apennines
(GHISETTI & VEZZANI, 1990; 1991). It juxtaposes
the carbonate tectonic unit, which is involved in
folds with axial trends parallel to that of the thrust
plane, on the Laga tectonic Unit, characterised by
N-S-trending folds and thrusts (Figs. 1a and 1b).
The Gran Sasso tectonic unit consists of Triassic-
Miocene successions of the Latium-Abruzzi
carbonate platform and of its transition zone into
the Marchean pelagic basin, and of Messinian
foredeep siliciclastic deposits (Laga Fm.).
Unconformably on the chain elements lie the
Conglomerati di Mt. Coppe (Fig. 2) (Messinian-
Lower Pliocene) and Conglomerati di Rigopiano
(Lower Pliocene) piggy-back basins (ADAMOLI et
alii, 1978; GHISETTI et alii, 1990; BIGOZZI et alii,
1991; CENTAMORE et alii, 1991; VAN
KONIJNENBURG et alii, 1999).

TECTONIC AND KINEMATIC
EVOLUTION

The essential features of the Gran Sasso thrust
have been known for some time as described in
literature (BALLY, 1954; GHISETTI & VEZZANI,
1986). The study carried out (geological survey
and structural analyses) allowed us to evidence
the relationship between the two thrust planes
that reveal a tectonic lens located between the
hangingwall (Gran Sasso tectonic Unit) and the
footwall (Laga tectonic Unit) (Fig. 19a). The
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Fig. 2 - Stratigraphic section of the Gran Sasso and Laga
Mountain Area. The thickness of the thrust top and fore-
deep basins are not in scale.

Fig. 3 - Panoramic view of the E-W trending Gran Sasso thrust front. DP: Dolomia Principale; CM: Calcare Massiccio;
Cbi: Calcari bioclastici inferiori; Ma: Maiolica; OS: Jurassic-Miocene overturned succession; Mc: Marne con cerrogna;
La: Laga Fm.; br: Quaternary cemented breccias; dashed line: bedding; red line: thrust; blue line: normal fault. (Fig. 1B).

Fig. 4 - Upper thrust
along which the
Dolomia Principale
(DP) is juxtaposed
onto the pelagic
sequence belonging to
the intermediate Unit
(Cbi: Calcari bioclas-
tici inferiori; Ma:
Maiolica). The foot-
wall block is involved
in an overturned syn-
cline trending more or
less E-W. (Fig. 1C).

Fig. 5 - Panoramic view of the antiformal folded Upper thrust. The footwall
block, corresponding to the Middle Unit, is deformed by recumbent folds.  Co:
Corniola; Va: Verde Ammonitico; Cbi: Calcari bioclastici inferiori; Ma:
Maiolica; Sr: Scaglia Rossa. (Fig. 1C).

Fig. 6 - Panoramic view of the tectonic window of
Fornaca. DB: Dolomie Bituminose; DP:
Dolomia Principale (DP: heteropic of Dolomie
Bituminose); CD: Calcari Dolomitici; Va-Cbi:
Verde Ammonitico-Calcari bioclastici inferiori.



upper thrust plane crops out continuously along
the whole central eastern section of the Gran
Sasso (Figs. 1B-C and 3-6); it is folded in
antiform and branches eastward with the lower
thrust in the leading branch line (Fig. 1C). 
The geological-structural features of the upper
thrust plane can be observed in the Fornaca
tectonic window where the hangingwall,
consisting of Dolomie Bituminose, the tectonic
lens (Verde Ammonitico and Calcari bioclastici
inferiori), and the thrust plane (Fig. 6) crop out.
This dips SSW (200°-220°) with a dip angle of
20°-30° and has striae pitching 70°W, showing
inverse kinematics with a left-lateral
component. A shear zone of metric thickness is
present, characterised by a planar fabric defined
by pervasive shear planes and cataclastic flux
bands in the Dolomie Bituminose marly
lithology (Fig. 7). This fabric separates
centimetric-sized lithons, iso-oriented by
cataclastic flux (the foliated cataclasites of
GHISETTI & VEZZANI, 1986), and lies parallel to
the thrust plane. A normal fault with decametric-
sized displacement and dipping SSW (220°),
with a dip angle of 60°-80°, dislocates the thrust
plane, and is therefore subsequent to it in time
(Figs. 1C and 6).
The lower thrust plane overlays the carbonate
units on the Laga Fm. siliciclastic deposits.
Westward, the two thrust planes progressively
lose their amount of displacement, assuming the
characteristic of blind thrusts, and have an en-
échelon relationship with the Mt. Jenca - Mt. S.
Franco thrusts (Figs. 1a and 8-11). In fact, at Mt.
Corvo, the stratigraphic transition can be
observed between the carbonate sequence and
the Laga siliciclastic deposits (Fig. 16).
SSW-dipping normal faults with a maximum
displacement of about 2500 m characterise this
sector of the Apennine chain (Fig. 1). On the
basis of their relative and absolute chronology,
the following were recognised:
• Pre- and syn-orogenic faults rotated to a low
dip angle (the Mt. Camicia and Mt. Jenca faults,
Figs. 12 and 13) or an opposite dip-direction and
an apparently inverse aspect (the Corno Grande
“Passo del Cannone” fault, Fig. 14). To the
south, the Mt. Jenca fault delimits a structural
high, which is characterised by the Mt. Jenca-
Mt. S. Franco condensed Jurassic succession.
This was reutilized during the Miocene and
rotated in the southern limb of the anticline. The
conjugated fault that to the north bordered the
same Jurassic high was also involved in the
rotation; it inverted its dip direction and took on
an inverse aspect. The presence of mesofolds
(Fig. 13) suggests its reutilization as a thrust.
Pre-orogenic (Mesozoic) activity can be found
for the Passo del Cannone fault; this is
suggested by the presence of the condensed
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Fig. 7 -  Shear zone related to the
upper thrust plane cropping out
at the Fornaca tectonic window
and involving the Dolomie
Bituminose Formation. It is char-
acterized by a pervasive shear
plane and centimetric-sized
lithones (planar fabric), parallel
to the thrust plane (T). (a) Close-
up showing the planar fabric.
The stereonet shows the geometry
and  kinematics of the thrust.

Fig. 8: Mt. Corvo cross-section; 
Fig. 9:  Mt. Jenca cross-section;
Fig.10: Corno Grande cross-section
(Gran Sasso tunnel:  GT);  
Fig. 11: Mt. Camicia cross-section;
Fig. 11a:  Mt. Camicia restored cross-
section.

Fig. 12 - The Mt. Camicia low-angle normal fault and rel-
ative synthetic fault planes (Inset C). DB: Dolomie
Bituminose (Upper Triassic); Cd: Calcari Dolomitici
(Lower Lias); Co: Corniola  (Middle Lias); Cbs: Calcari
bioclastici superiori  (Lower Cretaceous); Cb: bioclastic
Calcarenites (Cretaceous-Oligocene); Br: continental
deposits  (Quaternary); C-a:  Cut-off angle. The stereonet
shows the geometry and kinematics of the fault.

Schematic  cross-sections across
the E-W-trending Gran Sasso

thrust system
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succession in the footwall (Corno Grande) and
the complete one in the hangingwall (Corno
Piccolo). The rotation occurred during the
development of the Corno Grande-Mt. Corvo
anticline (Fig. 8);
• Pre- and syn-orogenic faults reutilized during
the extensional tectonics in the Quaternary (the
Mt. Corvo - Corno Grande “Tre Stelle” fault,
Fig. 16). The pre-orogenic activity of this
structure is evidenced in the sector near the

Corno Grande (Fig. 1B) by the presence of
complete Jurassic successions in the
hangingwall (Mt. Aquila) and condensed
successions in the footwall (Corno Grande).
In the latter sector, Jurassic and Cretaceous
neptunian dykes are present, associated with the
above-mentioned extensional tectonics (Fig.
15). The syn-orogenic activity of the structure
connected with foreland flexural processes
during the Miocene is suggested by variations in

the facies and the thickness of the Miocene
deposits (Marne con cerrogna) between the
hangingwall and footwall (Fig. 16). 
Its reutilization during the Quaternary is
documented by the presence of fault scarps near
the Val Maone and by palaeoseismological
evidence (GIRAUDI & FREZZOTTI, 1995;
ADAMOLI et alii, 2003); 
• Faults with prevalently Quaternary activity
(Fig. 17). These structures form the Assergi and
Campo Imperatore systems, comprising en-
échelon faults that border the intra-mountain
basins. In particular, in the Assergi system, a
displacement of about 1000 m, analogous to the
geomorphological displacement, can be seen
(Figs. 9 and 10). Fault scarps, along which
Quaternary continental deposits are also found,
are associated with them.

STRUCTURAL EVOLUTION 
OF THE GRAN SASSO AREA

The geological mapping and macro- and meso-
structural analyses of the E-W trending sector of
the Gran Sasso d’Italia salient allowed us to
evidence the tectonic features of this portion of
the Pliocene Apennine chain, which is
characterised by interactions between the
normal fault systems and the thrust planes, as
well as its kinematics (Figs. 1-18). The analogy
between the palaeomargin trend of the Latium-
Abruzzi platform and the Gran Sasso salient (an
arcuated trend of the thrust planes and associate
folds, Figs. 20 and 21) shows the control exerted
by the Mesozoic palaeomargin over the
geometry of the structures of the chain.
In particular, by applying the methodologies
described, the following can be reconstructed: 
• The geological and structural setting of this sector
of the Apennine chain (Figs. 1-2, 8-11, 18 and 19);
• The chronological relationships between the
normal faults and thrust planes (Figs. 1A-C, 6
and 16-21);
• The main deformational events (Figs. 21 and 22).
The structural and morphological elevation of
this sector of the Apennine chain creates
spectacular outcrop conditions that enable the
proposed investigative methodology to be
applied (Figs. 3-6 and 12).
The structural setting of this portion of the chain
is defined by two main WNW-ESE thrust planes
with a ca 30° southward dip angle. To the west,
they show tip points in the neighbourhood of
Mt. Corvo, whereas the amount of displacement
increases progressively towards the east (Figs.
1a and A). 
North of Mt. Camicia, the upper thrust is folded
in antiforms and joins up with the lower thrust
along the leading branch line that limits the

Fig. 13 - The Mt. Jenca
Jurassic structural high
characterized by a reduced
sequence (CM: Calcare
Massiccio; Cn: Calcari
Nodulari). The fault-
bounded high was
reactivated during the
foreland syn-orogenic
flexure and was rotated
within the forelimb of  the
Mt. Jenca anticline.  A’’-A’’’
undeformed stage. Co:
Corniola; Va: Verde
Ammonitico; Sc: Scaglia
cinerea; Mc: Marne con
cerrogna. (Figs. 1A and 9).

Fig. 14 - Overturned Jurassic fault (f) in the Corno Grande area, rotated with-
in the forelimb of  the Corno Grande-Mt. Corvo anticline. CM: Calcare
Massiccio; Co: Corniola. (Inset B). a) undeformed stage; b) present-day stage. Fig. 15 - Middle Lias neptunian

dykes (N), trending E-W, in the
Calcare Massiccio Fm. “CM”
(Corno Grande).

Fig. 16 - Panoramic view of Mt. Corvo showing: a) the Mt. Corvo - Tre Selle normal fault
(TS) that realises the contact between the Marne con cerrogna (Mc-Mcd: coarse grained
levels) and the Scaglia rossa (Sr), the Scaglia cinerea (Sc) and the Bisciaro (Bs); b) the
near vertical northern limb of the Mt. Corvo anticline where the Oligo-Miocene
succession, the Marne a Pteropodi (Mp) and the Laga Fm. (La) crop out. (Fig. 1A).

Fig. 17- Quaternary normal fault which displaces the upper Pleistocene
continental deposits in the Assergi intra-mountain basin.  La: Laga Fm.
Ma: Maiolica (Fig. 1a). The stereonet shows the geometry and  kinemat-
ics of the fault. The red arrows evidence the fault scarps.
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tectonic interposed lens (Figs. 5 and 19a). The
foliated cataclasites associated with the thrust
plane show left-lateral, transpressive kinematics
of the structure (Fig. 7).
On the basis of the normal faults chronology
and of their relationships with the thrust planes,
the following normal fault systems were
recognized: pre- and syn-orogenic faults
dislocated by the thrust planes and rotated inside
the folds associated with the thrusting (Figs. 12-
14); pre- and syn-orogenic faults reutilized during
the Quaternary (Fig. 16); faults of prevalently
Quaternary activity (Fig. 17).
The evaluation of the data sets obtained in the field
and restoration of the geological sections allowed
us to define the following deformational events
(Fig. 22):
1) Triassic-Jurassic extensional tectonics
(rifting and development of passive margins).
This event was reconstructed from the presence
of normal faults that identify structural highs and
lows with condensed and continuous
sedimentation respectively. The most evident
example of this is the Corno Grande structural
high, delimited by the Tre Stelle fault to the south
and the Passo del Cannone fault to the north
(Figs. 2, 13 and 14);
2) foreland tectonics characterised by the
reutilization of the previous normal faults and
evidenced by variations in thickness and in
facies inside the Cretaceous-Miocene
successions (Figs. 13 and 16);
3) Messinian foredeep bending with the
development of an articulated physiography
controlled by the palaeomargin and foreland
architecture (Figs. 2 and 20);
4) Pliocene thrusting with the development of
the Gran Sasso salient and the Mt. Coppe and
Rigopiano thrust-top basins (Figs. 2-7);
5) Quaternary normal faults that reutilized the
preexistent discontinuity and generated the
intra-Apennine depressions of Campo
Imperatore and Assergi (Figs. 17 and 18).
Observing the analogy between the paleomargin
trend of the Latium-Abruzzi carbonate platform
and the Gran Sasso salient, the control exerted
by the Mesozoic palaeomargin over the
geometry of the thrusts and the related folds
appears evident (Figs. 1a, 1b and 21). The
palaeomargin architecture has also controlled
the physiography of the Messinian foredeep,
that presents a depocenter located in the
Marchean palaeobasin and a high corresponding
to the Latium-Abruzzi carbonate platform (Fig.
20). This high may be partly inherited from the
foreland deformation, testified by the Paleogene

discontinuity that can be observed in the
Latium-Abruzzi carbonate platform (Fig. 21).
In conclusion, a precise series of field
investigations constrain our proposed
interpretation: the Gran Sasso salient came into
being during the Upper Messinian-Middle
Pliocene, in a context of in-sequence
propagation of the deformation, as testified by
the folding of the upper thrust as a result of the
development of the lower thrust and of the
relative hangingwall anticline (Figs. 5 and 11).
This is characterised SE-ward by an increasing
amount of translation (a discordant trend with
respect to the footwall structures “the Laga
tectonic Unit”) controlled by the preexistent
discontinuities (Figs. 8-11). The foreland
structural association is characterised by WNW-
ESE-trending normal faults and by transcurrent-
transpressive motifs trending N-S and E-W,
controlled by Mesozoic palaeomargin

discontinuities, rotated and reutilized as thrust
planes during the development of the chain
(CALAMITA et alii, 2003 and references therein).
The reconstructed deformational context (Fig.
22), both in terms of structuring of the chain and
of foreland deformation, is compatible with the
vertical axis rotation evidenced by the
palaeomagnetic data analysed by DE LA PIERRE
et alii (1992) and SPERANZA et alii (2001).

Fig. 18 - Block diagram of the E-W-trending Gran Sasso thrust front from Mt. Camicia to Mt. S. Franco. Mbo: Mt.
Bolza; MCa: Mt. Camicia; MP: Mt. Prena; F: Fornaca tectonic window; MBr: Mt. Brancastello; CG: Corno Grande;
Mo: Montagnone; MCo: Mt. Corvo; PC: Pizzo di Camarda; MJe: Mt. Jenca; MSF: Mt. S. Franco.

Fig. 19 - Structural sketch
map of the Gran Sasso area
showing the branch-line
pattern of the Gran Sasso
thrust system (a) and the
cut-off line distribution at
the Corno Grande-Corno
Piccolo area (b).

Fig. 20 - Palaeogeographic sketch during Messinian times showing: i) the pre- and post-gypsum foredeep
physiography, and illustrating the correspondence between the depocenters (A-B) and the Marchean-Abruzzi
Mesozoic pelagic domain; ii) a structural high, corresponding to the Mesozoic Lazium-Abruzzi carbonate platform
and relative transitional domain, that border the depocenter of the Messinian foredeep to the south (A). The
palaeomargin architecture and the foredeep physiography control the thrust ramp location and their geometry.
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Fig. 21 - Structural sketch showing the analogy between
the paleomargin trend of the Latium-Abruzzi carbonate
platform and the Gran Sasso salient geometry. The A-B
section refers to Fig. 22.

Fig. 22 - Sketches showing the main Triassic-
Quaternary deformation steps of the study area.


	Pagina  229.eps
	Pagina  230.eps
	Pagina  231.eps
	Pagina  232.eps
	Pagina  233.eps
	Pagina  234.eps

