
A synchronous Alpine and Corsica-Sardinia rotation:
new paleomagnetic evidences from the Tertiary

Piedmont Basin (NW Italy)

Abstract: We report on the paleomagnetism of 34 sites from Lower Oligocene-Middle Miocene sedi-
ments exposed in the Tertiary Piedmont Basin (TPB, NW Italy). Paleomagnetic directions from 23 sites
show that the TPB rotated ca. 50° counterclockwise with respect to Africa in Aquitanian-Serravallian
times. The rotation, likely driven by underneath nappe stacking, was synchronous with (further) bending
of the Alpine chain. Both the rotation magnitude and its timing are similar to those documented for the
Corsica-Sardinia microplate, therefore the formation of the western Alpine arc (or part of its present-day
curvature) occurred during the rollback of the Apenninic slab and related back-arc spreading of the
Liguro-Provençal Basin, and drift of the Corsica-Sardinia block. This suggests a common dynamics driv-
ing both the Alpine and the Apennine slab motions. Paleomagnetic data also document that the Adriatic
plate has undergone no paleomagnetic rotation since Middle-Late Miocene times.
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The boundary between the Africa-Adria plate and the
Eurasia plate in the western Mediterranean region is
represented by a diffuse, “S-shaped”, orogenic belt
(Fig. 1). Complexities arise from the fact that boudins
of the older inner “Alpine” chain are fragmented,
stretched and drifted apart during the Neogene open-
ing of the backarc extensional basins (Alvarez et al.,
1974). Because of this intensive late reworking, the
3D restoration of the style and geometry of the
ancient Alpine chain is complex and disputed. The
western Alpine arc, in particular, is remarkably tight
(almost isoclinal) in shape compared to the
Apennines-Calabria-Maghrebide arc (Fig. 1). The
timing of the formation of the horseshoe-shaped
alpine arcuate belt is poorly constrained at present,

and hence the mechanism of its formation is still a
matter of debate. The rocks exposed in the Tertiary
Piedmont Basin (TPB) (Fig. 1) offer the unique
opportunity to detail the timing of the CCW rotation
affecting the western Alpine arc, and hence to investi-
gate the geodynamics that favoured its bending.

In this paper, we report on a paleomagnetic investiga-
tion of the whole sedimentary succession exposed in
the TPB. Our data, together with previous paleomag-
netic evidence, reveal the rotation recorded by TPB
strata while they were passively carried on top of
Alpine nappes overthrusting the Adriatic foreland.
The detailed reconstruction of the timing and magni-
tude of the TPB rotation, besides being a definitive
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proof for a null paleomagnetic rotation of Adria, doc-
uments that bending of the western Alpine chain is
synchronous (and probably genetically related) with a

previously unconsidered fourth geodynamic engine:
the back-arc spreading of the Liguro-Provençal Basin
and drift-rotation of the Corsica-Sardinia microplate.

Figure 1. Digital elevation model of the central Mediterranean domain, and mean paleomagnetic rotation values (within circular
arrows) with respect to nearby African/European plates for the internal western Alps, the northern Apennines, and the Corsica-Sardinia
block (see text for details). Circular arrows with simple, double, and triple tips indicate post-Oligocene, post-Burdigalian, and post-
Pliocene rotations, respectively. Vertical arrows indicate non-rotated areas after Late Miocene-Pliocene times.
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Methods

We collected 378 cylindrical cores from 34 sites (8-14
cores at each site) located within the Alto Monferrato
and the Langhe regions using a petrol-powered
portable drill (Table 1). All laboratory analyses were
performed in the paleomagnetic laboratory at the
Istituto Nazionale di Geofisica e Vulcanologia
(INGV, Rome, Italy). The sampled sediment ages
were defined according to new ad hoc analyses of the
calcareous nannoplancton content of specimens from
each sampling site. The cores were cut into standard
cylindrical specimens of 22 mm height, and then
stepwise AF demagnetized in 14-15 steps from 5 to
100 mT, their natural remanent magnetization
(NRM) being measured with a DC-SQUID cryo-
genic magnetometer (2G Enterprises, USA) at the
same time. For 8 sites, where the AF cleaning proved
to be ineffective, twin specimens from the same cores
were subjected to thermal demagnetization in 12
steps up to 600 °C. Furthermore, we measured the
hysteresis properties and the acquisition of an isother-
mal remanent magnetization (IRM) and its subse-
quent back-field demagnetization of at last one speci-
men per site, using a Micromag Alternating Gradient
Magnetometer (AGM, model 2900). Finally, one
specimen per site was also selected in order to investi-
gate the thermal change of the magnetic susceptibili-

ty during a heating-cooling cycle from room temper-
ature to 700 °C, using an AGICO CS-3 apparatus
coupled to the KLY-3 bridge.

Results

The analyses of the hysteresis properties, the low-field
magnetic susceptibility thermal variation and the
demagnetization properties during the removal of the
NRM indicate that in most of the Oligocene sites the
magnetic mineralogy is composed of prevailing pseu-
do-single domain magnetite and a subordinate frac-
tion of hematite, while the magnetic properties of the
younger sediments from the Miocene sites are mainly
controlled by the paramagnetic clayey matrix with
only a minor fraction of ferromagnetic (sensu lato)
minerals.

Most of the sites (26) were efficiently AF cleaned at
70-100 mT, while six additional sites needed a ther-
mal treatment up to 450 °C (though several speci-
mens were completely demagnetized at 330 °C). A
viscous component, subparallel to the GAD field
direction for the study area, was removed for all spec-
imens at 10-20 mT or at 120-180 °C, while a charac-
teristic remanent magnetization (ChRM) direction
was isolated in the 20-100 mT or 180-330 °C
AF/temperature intervals. 

Figure 2. Equal-area projections of the site mean paleomagnetic directions from the TPB. Solid symbols represent projection onto the
lower hemisphere (normal polarity magnetization components), while open symbols is the projection onto the upper hemisphere
(reverse polarity magnetization components). Open ellipses are the projections of the α95 cones about the mean directions. The star rep-
resents the normal polarity geocentric axial dipole (GAD) field direction (D = 0°, I = 63.0°) for the study area.

SYNCHRONOUS ALPINE AND CORSICA-SARDINIA ROTATION: PALEOMAGNETIC EVIDENCES 31



The site-mean directions, evaluated with the help of
Fisher’s statistics (Fisher, 1953), are generally well
defined, the α95 values being lower than 10° in all but
three sites (Table 1). The tilt-corrected declinations
are noticeable scattered, with a spread from a west-
ward to a northward direction (Fig. 2).

Field tests evidenced that all Oligocene-Aquitanian
sites (except site BTP19) host a primary magnetiza-
tion, and their rotation values are reliable for recon-
structing the tectonics of the TPB, whereas 8 out of
11 Miocene sites are remagnetized. In situ paleomag-
netic directions for the remaining 3 Miocene sites lie
far from the GAD field direction, suggesting that they
retain a primary magnetization (Table 1).

Discussion

The rotation vs. time evolution of the TPB is shown
in figure 3. Our data define a 47 ± 17° post-

Oligocene CCW rotation of the TPB with respect to
Africa/Adria, which is consistent with the 43 ± 8.5°
post-Oligocene CCW rotation reevaluated from the
data by Kie (1988) and with data by Carrapa et al.
(2003). The results from Carrapa et al. (2003) clearly
show that the TPB rotation occurred before
Tortonian times and robustly constrain it to the
Early-Middle Miocene. The nine Lower-Mid
Miocene paleomagnetic directions (five from Carrapa
et al. (2003), four from this study) do indeed show
intermediate rotation values, but do not allow a pre-
cise determination of the rotation timing. To sum up,
our data, integrated with previous results from Kie
(1988) and Carrapa et al. (2003), consistently reveal
that the TPB rotated ca. 50° CCW with respect to
Africa between Aquitanian and Serravallian (roughly
between 23 and 12 Ma).

A wealth of paleomagnetic data gathered from
Corsican sediments (Ferrandini et al., 2003) and

Figure 3. Site-mean paleomagnetic rotation with respect to Africa vs. age, for sites from the TPB. Solid symbols indicate sites yielding
normal magnetic polarity, while open symbols indicate sites yielding reverse magnetic polarity. Geological and geomagnetic polarity
time scales are from Gradstein et al. (2004). Error bars for declination site mean values are the α95/cos (I) values. Error bars for rota-
tions were computed according to Demarest (1983). Error bars for ages were drawn considering both biostratigraphic information and
paleomagnetic polarity (see text and Table 1).
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Sardinian volcanics (e.g. Gattacceca et al., 2007) and
sediments (Speranza et al., 2002) have proven that the
Corsica-Sardinia microplate drift was accompanied
by a CCW rotation with respect to Europe of ca. 50°
in Early-Middle Miocene, between 20-21 and 15-16
Ma. If the Corsica-Sardinia rotation through time,
proposed by Gattacceca et al. (2007), is superimposed
onto the rotation vs. age plot of the TPB (Fig. 3),
both the rotation magnitude and its timing from the
two data sets appear similar.

The TPB rotation magnitude is also similar to the 52 ±
8° CCW rotation with respect to Africa documented
by Muttoni et al. (1998) for the Epiligurian units
unconformably resting upon Liguride nappes from the
northern Apennines (Fig. 1), yet its timing is different.
In fact, Muttoni et al. (2000) proved that ca. 24° rota-
tion occurred in Oligocene-Miocene times (thus possi-
bly being related with the Corsica-Sardinia rotation),
while the remaining 28° occurred during the Pliocene
Apennine shortening episodes, in agreement with pre-
vious results from Speranza et al. (1997).

When considered altogether, the paleomagnetic data
from the western Alps, Corsica-Sardinia, the northern
Apennines, and TPB may support the following tec-
tonic-rotational scenario (Fig. 4): in the Late
Oligocene (Fig. 4a), both the Alpine and the
Apennine orogenic fronts roughly struck NE-SW; in
the western Alps, E-directed subduction lead to the
closure of the oceanic domain and concomitant exhu-
mation of HP-units. At that time, the W-directed
Apennines-Calabria subduction process started
migrating backward toward ESE as attested by the
initiation of the Liguro-Provençal-Balearic and
Sardinia rift system (Faccenna et al., 1997). In Early-
Middle Miocene times (between 20-21 and 15-16
Ma), the Corsica-Sardinia microplate drifted eastward
(from the Provençal-Catalan margin) and contempo-
raneously rotated CCW by ca. 50°, according to
Gattacceca et al. (2007) (Fig. 4b). The TPB, located
north of the (spreading) Liguro-Provençal Basin, also
rotated ca. 50° CCW, together with the underneath
Alpine wedge, producing a further tightening of the
western Alpine arc. Conversely, the Alpine nappes
(including the Liguride units) located NE of Corsica-
Sardinia underwent an intermediate (ca. 25°) CCW
rotation, implying that they accommodated the
excess Corsica-Sardinia rotation (and drift) by inter-
nal deformation (through nappe stacking). Most like-
ly, both the TPB and the Epiligurian units were pas-
sively carried (and rotated) by underneath rotational
thrust sheet emplacement inducing belt bending.
Finally, thrust sheet emplacement caused a further

20-30° CCW rotation during the Pliocene, but solely
for the northern Apennines (Fig. 4c). 

The data set presented in this paper gives a first order
constraint on the timing and magnitude of the for-
mation of the western Alpine arc. Its genesis is in fact
inextricably linked with the formation of the
Apennine-Calabrian Arc, as it develops during the
fast rotation of the Sardinia-Corsica block related
with the rollback of the Apennine slab. From a geo-
dynamic point of view, this intimate relationship is
not unimportant. In fact, if the formation of the
Apennine-Calabrian Arc is commonly related with
the pre-existing paleogeographic scenario (land-
locked oceanic domain) controlling the width of the
retreating panel (Faccenna et al., 2006), the forma-
tion of the western Alpine arc is commonly related
with an opposite process related with the indentation
of the Adria microplate (Schmid and Kissling, 2000).
The other option is related with the possibility that
the western Alpine slab also retreated backwards
(westwards) during orogenic accretion in a similar,
though slower manner to what observed for the
Apennine slab. If this is the case, then we are left to
imagine that both the western Alpine and the
Apennine slabs start to migrate backwards in oppo-
site directions just after the onset of continental col-
lision (Jolivet and Faccenna, 2000). The mechanism
of a concomitant process of two adjacent, but sepa-
rate, slabs is quite complex. One possible explanation
could be related with the displacement of mantle
material during subduction. For the case of the
Apennine-Calabrian slab, the idea put forward until
now is that its backward retreat could have been driv-
en by the consumption of the Liguro-Piedmont and
Ionian oceanic crust. In this case it is possible that
the backward retreat of the western Alpine arc was
driven by the push of the mantle material displaced
by the retreating Apenninic slab. Recent 3D experi-
ments of the behavior of retreating slabs show that
near the lateral edge of the slab the asthenospheric
material located below it escapes laterally, inducing a
toroidal component in the mantle flow (Funiciello et
al., 2006; Piromallo et al., 2006). Asthenospheric
material expelled from below the Apennine slab
would then push the Alpine slab westward and force
the subduction of continental material. The arcuate
shape of the Alpine arc and the helicoidal shape of
the Alps-Apennines belt would then essentially result
from the geometry of the asthenospheric flow below
Liguria and the Ligurian Sea. 

We can make a final especulation: with the TPB lying
on Alpine nappes stacked onto the Adriatic litho-
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Figure 4. Schematic 3D-block
diagram suggesting a possible
kinematic reconstruction of the
Alps-Apennines belt system since
the Late Oligocene. The evolu-
tion in time and space of both the
Alpine and the Apennine oro-
genic fronts are correlated togeth-
er with the deep subduction
geometry. The mean paleomag-
netic rotation values for each
stage are also reported. (TPB)
Tertiary Piedmont Basin, (CS)
Corsica-Sardinia block, (NA)
Northern Apennines.
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sphere along the Po Plain, our paleomagnetic data,
along with previous results from Carrapa et al.
(2003), definitely prove that Adria has undergone no
paleomagnetic rotation since Middle Miocene times.

Conclusion

Our paleomagnetic data, integrated with previous
results from Kie (1988) and Carrapa et al. (2003)
show that the TPB, unconformably resting upon
Alpine nappes, rotated ca. 50° CCW with respect to
major nearby plates during Aquitanian-Serravallian
times. A very similar rotation magnitude and timing
have been previously constrained for the Corsica-
Sardinia block, which drifted away from Europe dur-
ing the spreading of the Liguro-Provençal Basin. This
suggests that the Alpine wedge underlying the TPB
rotated along with Corsica-Sardinia, inducing the
tightening of the western Alpine arc. 

The synchronicity between the rotation-drift of the
Corsica-Sardinia block (induced by the eastward retreat
of the Apenninic slab) and (further) bending of the
western Alpine arc, strongly suggests a dynamic link.
We speculate that the asthenosphere laterally escaping
from the retreating Apenninic slab pushed the western
Alpine slab, leading to its further retreat and bending.

Finally, we find no paleomagnetic support for Adria rota-
tion since at least Late Miocene times, which suggests an
Adria-Africa coupling during Mesozoic-Tertiary drift. 
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