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Abstract
We present in this paper a set of paleomagnetic and magnetic fabric analyses performed on 108 sedimentary sites
widespread over different units of the central Apennines. The age of the studied formations ranges from upper
Cretaceous to Messinian. The results show that the Central Apennines underwent at least two successive phases
of rotations. A first counterclockwise one is well recorded in Eocene-Oligocene sediments over the studied area.
The sense and the amount of the younger rotation, clearly recorded in lower and upper Miocene sediments

The second one is the Latium-Abruzzi platform, where counterclockewise rotation occurred after the upper
Miocene. The third one is the Marsica area, affected by a post-upper Miocene clockwise rotation. As far as this
young rotation is concerned, we observe that the angle between the trends of the structures and the magnetic
declinations is constant all over the Central Apennines. The same relationship is also observed between the
magnetic lineation and the structural trend. These results, integrated in the structural framework, yield us to
propose a new model for the Neogene tectonic evolution of the area.

1. Introduction oriented normal faults. This extensional episode
is related to both the opening of the Tyrrhenian
During the last three decades, geological and  Sea and the alkali-potassic volcanic activity. In
geophysical studies have demonstrated that the this context, the existence of E-W thrusts and of
deformations of the convergentboundaries of the  N-S right-lateral strike-slip faults is difficult to
major lithospheric plates are very complex. In  understand and the origin of these features in the
particular, paleomagnetic studies have shown tectonic evolution of the Apennines is still a
that block rotation is one of the major deforma-  matter of discussion (Castellarin er al., 1978;
tive processes within many active continental Parotto, 1980; Salvini and Vittori, 1982).
margins around the world. For example, such The purpose of this paper is to present a new
block rotations have been documented both in the combined structural and paleomagnetic study of
eastern and western parts of the Mediterranean different major structural units of the Central
Alpine chain resulting from the European / Afri-  Apennines. We will see how the new data con-
can convergence (Kissel and Laj, 1988; Osete e tribute to a better understanding of the deforma-
al., 1989). tional evolution of this area.
In central Mediterranean, the Apennines have
often been described as a regular thrust belt
oriented NW-SE to N-S and verging eastward to 2. Geological setting
north-eastward. It has been formed during upper
Miocene-Pliocene time and it was then affec- The investigated area of the Central Apen-
ted by extensional tectonics creating NW-SE~  nines is schematically shown in fig. 1. The main
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Fig. 1. Sampling map of paleomagnetic and AMS sites. 1) Plio-Pleistocene post-orogenic sequences of the
Tyrrhenian margin and intra-Apenninic basins. 2) Quaternary volcanic sequences. 3) Tortonian-Messinian
terrigenous sequences in the Latium-Abruzzi platform. 4) Laga flysch (Messinian) and Plio-Pleistocene foredeep
sequences. 5) Molisan basin units (Oligocene-Messinian). 6) Umbro-Sabina transitional to basinal units (upper
Triassic-upper Miocene). 7) Carbonatic units of the Latium-Abruzzi and Maiella-Morrone platforms, and
transitional to basinal sequences of Gran Sasso and Marsica units (upper Triassic-upper Miocene). 8) Normal
faults. 9) Thrusts. 10) Strike-slip faults. 11) Sampling sites.
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tectonic feature in this zone, called the Olevano-
Antrodoco line, separates the Latium-Abruzzi
carbonatic shelf from the Sabina basin (Parotto
and Praturlon, 1975). The latter is also cut in its
western part by a regional right-lateral strike-slip
fault (Sabina fault), oriented NO10 and outcrop-
ping over 30 km. This fault cuts all the other
structural elements of the region and thus illus-
trates the Plio-Pleistocene tectonic activity of the
area (Alfonsi er al., 1991). The kinematic and the
geometry of these structural features are still a
matter of discussion. However, most of the
authors now agree on the existence of polyphased
tectonic activity which starts during the upper
Tortonian, and which is well documented by
mesostructural and sedimentological analyses
(Castellarin er al., 1978; Cosentino and Parotto,
1986; Mattei et al., 1986).

The Latium-Abruzzi platform constitutes the
major structural and paleogeographic unit of the
Central Apennines. It is characterizd by NW-SE~
trending thrust sheets, verging north-eastward,
and emplaced during the late Messinian-early
Pliocene period. These thrusts are dissected in the
south-western part of the platform by very steep
faults that show clear evidences for both normal
and left-lateral movements (Montone and Sal-
vini, 1991). In the Marsica area, at the eastern
boundary of the Latium-Abruzzi platform, the
upper Triassic to middle Miocene facies are of
basin to transitional type. From a structural point
of view, this basin is controlled by N-S strike-slip
faults, back thrusts and minor strike-slip fault
systems (Corrado et al., 1990; Mattei and Mic-
cadei, 1991). The paleomagnetic sampling has
been conducted in these different areas charac-
terized by various tectonic styles. We sampled
the upper Cretaceous to Eocene limestones and
marly-cherty limestones of the «Scaglia Rossa
Formation», the Oligocene marls and marly lime-
stones of the Scaglia Cinerea formation, the early
Miocene Bisciaro formation (marls and cherty
limestones), the early-middle Miocene Guada-
gnolo formation (marls interbedded with detritic
limestones) and finally the Messinian turbiditic
sequences. A total of 108 sites were distributed
all over the area (fig. 1). Ateach site, a minimun
of 10 cores, well distributed over the outcrop,
were drilled using standard paleomagnetic tech-
niques.
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3. Laboratory analyses and significance tests

Analyses of the Anisotropy of the low-field
Magnetic Susceptibility (AMS) show that the
majority of the sites which have positive suscep-
tibility values are characterized by a magnetic
fabric of sedimentary origin indicating that the
deposition occurred in a calm environment.
Moreover, in most cases, an intersection mag-
netic lineation of tectonic origin is present. The
significance and the interpretation of this linea-
tion will be presented later.

The magnetic mineralogy analyses such as the
Isothermal Remanent Magnetization acquisition
curve (IRM), the alternative field demagnetiza-
tion of the Saturated IRM (SIRM) have been
conducted on one typical sample per site.

They show that the red samples from the Sca-
glia formation are mainly characterized by low-
coercivity minerals such as magnetite with a
small amount of high-coercivity minerals as he-
matite. The Guadagnolo formation, the Messin-
ian clays and the white samples of the Scaglia
formation are only characterized by low-coerciv-
ity minerals such as magnetite or sulphides. This
magnetic mineralogy determination is confirmed
or precised by the demagnetization process.

In 54 sites out of 108, the NRM values were
too low to be accurately studied even using the
cryogenic magnetometer (lower than 3 X 10-5
A/m). All the other samples were thermally de-
magnetized with ten to fifteen steps from room
temperature up to the limit of reproducible results
(320t0 540 °C). At each demagnetization step the
bulk susceptibility has been measured in order to
monitor possible changes in the magnetic min-
eralogy. The Messinian clays are characterized
by arapid decrease of the NRM between 20 and
320 °C, accompanied by a sharp increase of the
low-field susceptibility values at (320 + 340) °C.
This indicates that the low-coercivity minerals
carrying the remanent magnetization are sul-
phides and that they transform into magnetite
during thermal demagnetization. Tric et al.
(1991) have argumented that the formation of the
sulphides that can be found in this kind of marls
occurs during or just after the deposition of the
sediment. This almost primary origin of the mag-
netization will be confirmed below by the field
tests that have been applied to the results. For all
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the other samples, even the red ones, the com-
plete removal of the NRM was obtained between
400 and 540 °C without any significant change
of the susceptibility values indicating that mag-
netite is the main magnetic carrier.

For some samples, orthogonal demagnetiza-
tion diagrams isolate a single stable component
of magnetization. Other samples are charac-
terized by two components with overlapping
temperature spectra. The demagnetization beha-
viour of these samples perfectly fits on great
circles. Finally, in other sites, the samples are
characterized by one or the other of the two
behaviours. The mean directions of the Charac-
teristic Remanent Magnetization (ChRM) were
thus calculated for each site using either Fisher’s
statistic (1953) or the method given by McFad-
den and McElhinny (1988). They are accurately
defined in the great majority of the sites (Alfa-95
< 15).

For all the studied formations we could per-
form statistical significance tests in order to es-
tablish the precocity and the stability of the mag-
netization. Both within various sites and at the
regional scale the Scaglia formation and the
Messinian turbidites within the Roveto valley
cleary show significantly positive reversal tests.
Moreover, at the regional scale, the scatter of the
data is significantly smaller after tectonic correc-
tion than before. This tilt test is positive at 99%
for the Cretaceous-Eocene-Oligocene Scaglia
formation and at 95% for the Guadagnolo forma-
tion and for the Messinian deposits of the Roveto
valley. We can thus conclude that the age of the
magnetization predates the folding of the struc-
tures, which took place in this region during the
upper Miocene-early Pliocene period.

The laboratory analyses and the different posi-
tive tests thus establish that the observed ChRM
is of primary origin and that mean direction ob-
tained from each site can be used to define the
tectonic evolution of the Central Apennines.

4. Paleomagnetic results and discussion

These new paleomagnetic data show a com-
plex pattern of the block rotations depending
both on the age and on the tectonic setting of the
sites. While the Cretaceous to Oligocene sites
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show rather coherent results all over the area, the
Neogene ones vary between three different tec-
tonic regions that are from west to east the Sabina
area, the Lazium-Abruzzi platform and the Mar-
sica area.

In the Sabina area, the results obtained from
the Cretaceous to Oligocene formations show
declinations that are very consistently deviated
toward the west by about 31°. In the same area,
the middle Miocene sites are characterized by
easterly deviated declinations (about 16°). This
young clockwise rotation has been superimposed
to the older one. This indicates that the area has
undergone a post-Oligocene—pre-middle Mioce-
ne counterclockwise rotation of about 47°. This
rotation is very coherent all over the area except
in the Tiburtini Mts located in the southeastern
portion of the Sabina region that have undergone
a clockwise rotation of about 25° during the same
period. This difference in the angle of rotation
may be related to the local deflection of the trend
of the structures in this area. A counterclockwise
rotation is also observed in the other Cretaceous
to Oligocene sites located both in the Marsica
basin and in the Montagna dei Fiori. This
counterclockwise rotation observed in the Creta-
ceous to Oligocene rocks is thus rather coherent
over the area and can be related to the similar one
observed in other regions in the Apennines (see
references in Lowrie, 1986).

As far as the Miocene period is concerned, the
pattern of rotations in the central Apennines is
much more complex and seems to be fully related
to the more recent tectonic evolution of the area.
We have already mentioned that the Sabina area
has undergone a clockwise rotation of about 16°
since middle Miocene. The data obtained in the
Roveto valley within the Latium-Abruzzi plat-
form show that this area has been affected by a
post-Messinian counterclockwise rotation of
about 28°. Finally, the Marsica and Formia areas
were also affected by a post-Messinian clockwise
rotation. In order to check the consistency of the
data in the studied area, we have applied the
t-tests proposed by Lowrie and Hirt (1986).
These tests are positive in the Central Apennines
when we consider both declinations versus mag-
netic lineations (¢ value = 5.96, N = 15) and
declinations versus fold axes orientations (f value
= 7.43, N = 22). This indicates that a constant
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Fig. 2. Simplified structural scheme of the Central Apennines after the post-Miocene rotations. The dashed
lines represent the strike of the main units before rotations occurred. The rotations indicated with numeric values
are detected by paleomagnetic analyses, while the others derive from the magnetic lineations strike (the thick
double arrows represent the actual position of the AMS lineations, while the thin double arrows represent the
hypothized orientations before rotations occurred). The rotations of the Gran Sasso chain are by Ghisetti et al.
The right-lateral strike-slip faults delimit the clockwise and the counterclockwise domains. They also correspond
with the eastern the western boundary of the Latium-Abruzzi platform. The poles of rotation are defined on the
base of the chain vergence.
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angular relationship exists between these three
parameters and particularly that compressive
structures and magnetic lineations are almost
parallel.

The observed magnetic fabrics are charac-
terized in a great majority of the sites by a mag-
netic lineation parallel to the axes of the folded
structures, the minimun axis of the ellipsoid re-
maining perpendicular to the bedding. These
magnetic fabrics, the sedimentary origin of
which is still preserved, are interpreted as clearly
related to the early stages of deformations in
agreement with other reported results (Kissel e
al., 1986; Lowrie and Hirt, 1987; Lee et al.,
1990). This tectonic origin is confirmed by the
observation in a few sites of prolate ellipsoids,
the axes of which are parallel to the local fold
axes. In only three sites, the magnetic fabric is
characterized by a transport lineation (almost
perpendicular to the fold axes) that has been
clearly evidenced in the Marsica basin and in the
Roveto valley near regional thrusts.

We can use this new dataset to reconstruct the
tectonic evolution of the Central Apennines.
First, the rotation back of the different units
allows us to describe the middle Miocene oro-
genic system. We thus obtain linear and parallel
folds trending about N330 all over central Apen-
nines (fig. 2). We have mentioned that the mag-
netic lineation was certainly created by an earlier
stage of deformation. It thus corresponds to a
shortening oriented about N060, perpendicular to
the Miocene orientation of the structures. This
orientation is also perpendicular to the present-
day orientation of the Plio-Pleistocene foredeep
basins in the external Central Apennines (Patacca
and Scandone, 1987). This suggests that the prin-
cipal direction of shortening remained constant
from the late Miocene to present day.

The later evolution of the structural domains
has been controlled by the paleogeographic dis-
continuities bounding the Latium-Abruzzi plat-
form. These boundaries have been reactivated as
right-lateral strike-slip faults during upper Mio-
cene to Pleistocene time, dissecting the thrust
sheet structures and giving rise to the large clock-
wise rotations measured in the Sabina and Mar-
sica areas. At the same time the presence of the
left-lateral strike-slip faults trending NE-SW
only in areas where post-upper Miocene counter-
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clockwise rotations occurred implies that strong
correlations exist between this activity and the
sense of rotation. We suggest that, within specific
fault-bounded units, the rotations were accom-
modated by large preexisting normal and thrust
faults reactivating in strike-slip faults or again
thrusts, depending on their new orientation (ro-
tated one) with respect to the direction of maxi-
mum compression. It is also clear that the tecto-
nic mechanisms responsible for local clockwise
rotation of the Simbruini thrust sheet and of the
Tiburtini Mts. are related to lateral ramps em-
placements giving rise to the torsion of the thrust
sheets from NE-SW to N-S and NE-SW orienta-
tions (fig. 2). These second-order rotations are
distributed in narrow areas and are superimposed
to the regional rotation of the Latium-Abruzzi
and Sabina area. Finally, paleomagnetic and geo-
logical evidences of activity of right-lateral
strike-slip faults at the boundaries of the Latium-
Abruzzi platform suggest that these disconti-
nuities may control the location and the evolution
of Quaternary volcanic complexes settled on the
southern margin of the Latium-Abruzzi platform.

The recognized pattern of rotations thus im-
plies a new interpretation of the complex present-
day geometry of the Central Apennines. This new
data show that it results from rotations and reac-
tivations of preexisting tectonic structures in a
constantly oriented stress field during late Mio-
cene Pliocene times.
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