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ABSTRACT

Vigliotti, L. and Kent, D.V., 1990. Paleomagnetic results of Tertiary sediments from Corsica: evidence of post-Eocene
rotation. Phys. Earth Planet. Inter., 62: 97-108.

Middle Eocene (Lutetian) and Lower to Middle Miocene (Burdigalian-Langhian) sediments from Corsica have been
investigated in a paleomagnetic study to constrain the amount and timing of tectonic rotation of the Corsican block with
respect to Sardinia and stable Eurasia. The sediments are generally characterized by weak and unstable magnetization, and
only five Eocene and five Miocene sites out of 23 sites sampled provided interpretable data.

Our best estimate for the Eocene paleomagnetic field for Corsica suggests ~ 37° of counter-clockwise rotation, and no
latitudinal change, with respect to stable Eurasia in post-Focene time. This is similar to the amount of tectonic rotation
documented from Oligo-Miocene volcanics from Sardinia, which is therefore consistent with Corsica and Sardinia being part
of the same tectonic block since at least the early to middle Tertiary. Paleomagnetic results from the Miocene sites may
represent remagnetizations but the presence of reversed polarity magnetization at three of the five accepted sites indicates

acquisition before the late Pleistocene. The final rotation history of Corsica nevertheless is left unresolved.

1. Introduction

The Corsica—-Sardinia microplate is an im-
portant element in models for the tectonic evolu-
tion of the western Mediterranean. Paleomagne-
tism has played a key role in unravelling the
tectonic movements and paleogeography of
Sardinia. Although, geologically, the two islands
are considered a single block, paleomagnetic data
from Corsica give hardly any information which
would help us to evaluate the possibility of rela-
tive movements between Sardinia and Corsica.

The few and controversial paleomagnetic data
from Corsica are confined to the late Paleozoic
volcanics of the northwestern part of the island
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(Nairn and Westphal, 1968; Westphal, 1976;
Westphal et al., 1976). The results are not very
clear and they seem to show ~ 30° counterclock-
wise (ccw) rotation of the island with respect to
stable Europe in post-Paleozoic times. In contrast,
Sardinia has been intensively studied from a
paleomagnetic point of view. Data for the late
Paleozoic (Zijderveld et al., 1970; Westphal et al.,
1976; Storetvedt and Markhus, 1978; Edel et al.,
1981) show a rotation of ~ 70° of the island with
respect to stable Furope and a somewhat larger
rotation (~ 90°) according to the data published
by Horner and Lowrie (1981) on Triassic and
Jurassic limestones. The Cretaceous history of ro-
tation of Sardinia is not documented by
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Fig. 1. Geological sketch-map of the three Tertiary sedimentary basins sampled for paleomagnetic study. (a) St. Florent basin
(redrawn after Dallan and Puccinelli, 1986). 1= Miocene deposits (Neoautochthonous of St. Florent); 2 = Alpine units. (b) Balagne
basin (redrawn after Nardi et al., 1971). 1= Crystalline basement (Paleozoic); 2 = Tertiary autochthonous complex; 3 = Mesozoic
units. (¢) Francardo basin. 1 = Miocene deposits; 2 = Alpine units; 3 = Crystalline basements (Paleozoic). (For technical reasons, Fig.
1(b) and (c) appear on pp. 99 and 100.)
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Fig. 1 (continued).

paleomagnetic data, but the extensive Tertiary
volcanics have been the subject of numerous in-
vestigations (De Jong et al., 1969, 1973; Bobier,
1974; Manzoni, 1974; Bellon et al.,, 1977; Edel
and Lortscher, 1977; Edel, 1979; Montigny et al.,
1981). It is well established that Sardinia under-
went a counter-clockwise rotation of ~ 35° but
the detailed timing of the relative motion(s) is
somewhat uncertain. Bellon et al. (1977) suggested
a translation of the island between 29 and 17 Ma,
followed by a relatively rapid ccw rotation ending
at the latest at 15 Ma. In a recent study and
compilation, Montigny et al. (1981) advocated an
older age for the rotation, between 20.5 and 19
Ma, and suggested a 1000 km northward drift of
the island during the last 19 Ma.

There is no Tertiary volcanism in Corsica and
this fact largely accounts for the present absence
of Tertiary paleomagnetic data for the island. The
aim of this work is to investigate the paleomagne-
tism of Tertiary sediments from Corsica, to com-
pare the amount and timing of the rotation of
Corsica relative to Sardinia and Eurasia.
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2. Geological setting and sampling

The main paleomagnetic results were obtained
from Eocene and Miocene sediments in three sedi-
mentary basins in northern Corsica: St. Florent
(Fig. 1a), Balagne (Fig. 1b) and Francardo (Fig.
1c). According to Delcey et al. (1964), these basins
share a similar paleogeographic history. The clas-
tic sequences originate from the disruption of the
same Hercynian Massif crystalline basement which
was covered by transgressive nummulitic deposits
composed generally of conglomerates, but locally
of limestones and calcarenites.

The Balagne was most removed from the Al-
pine front. This region was above sea level from
the late Paleozoic until a major transgression in
the middle—upper Lutetian, which marks the
establishment of a tectonic depression that pre-
ceded the emplacement of the allochthonous units
in Alpine Corsica (Nardi et al., 1978). Transgres-
sive autochthonous formations show a simple
structure with sub-horizontal trends in the basin,
contrasting with the complex structure of the al-
lochthonous terrains. Along the eastern margins of
the Balagne the western overthrust front of the
Alpine nappes involved the Lutetian sedimentary
rocks and it is not easy to find outcrops that were
not clearly involved in these tectonic movements.

In this study, attention was focused on the
nummulitic limestones, which are typically repre-
sented by coarsely bedded gray limestones and
calcarenites. Frequently they are rich in benthic
foraminifera and especially nummulites of middle
to late Lutetian age (Denizot, 1952; Delcey et al.,
1964). The calcarenites crop out generally as
lenses; to the north of Castifao (Fig. 1b), they are
as thick as 200-300 m. These rocks were sampled
in the Balagne (Fig. 1b; sites F, H, I) and in the
region of Francardo (Fig. 1¢; site L and a rejected
site). In the region of Lozari (Fig. 1b, site G), we
sampled the upper Lutetian Lozari Sandstones
(Nardi et al., 1978) which consist of gray, well-
bedded feldspathic sandstones, with intercalations
of silts and claystone. This formation outcrops in
seacliffs and can be considered as a different
facies of the nummulitic limestones. Eocene sedi-
ments were also sampled in the southeast region
around Solenzara. Here the outcrops are further
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from the effect of Alpine tectonics, but the rocks
showed very weak magnetization unstable to both
alternating field (AF) and thermal demagnetiza-
tion, so the five sites collected in this region are
not considered further.

Post-tectonic Miocene (Burdigalian—Tortonian)
deposits with transgressive and coastal molasse
facies exist around St. Florent (Fig. 1a), in the
vicinity of Aleria, in the region of Francardo (Fig.
1¢), and at Bonifacio. Miocene rocks were sam-
pled in all these four areas (12 sites) including
classical units such as the tuffs of Capo Bianco in
the Bonifacio region, and the Minette de Sisco
along the northwestern coast. In spite of the wide
geographical distribution of sampling, very few
areas proved to be suitable for paleomagnetic
studies.

The neo-autochthonous Miocene sequence of
St. Florent (sites A, B, C and D plus three rejected
sites; Fig. 1a) is characterized by a Burdigalian—
Lower Langhian marine sequence of 100—400-m
thickness, which largely consists of fossiliferous
sandy limestones deposited in a nearshore en-
vironment. These molasse-like sediments uncon-
formably transgressed all Alpine nappe structures;
a later phase of folding is responsible for the

TABLE 1
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synclinal structure of the Miocene of St. Florent
(Dallan and Puccinelli, 1986). A conglomeratic
formation of continental facies overlies these
marine deposits near the village of St. Florent and
probably indicates the emergence of the region in
post-Langhian times.

Between the granitic framework of Corsica and
the Alpine Nappes exists the inner basin of Fran-
cardo (Fig. 1b) which has been active since the
Jurassic. Here the Miocene deposits are more
coarse grained, so it was possible to sample only
one site (E).

3. Results

For this study 191 hand-samples were collected
from 23 sites. Two to four specimens were drilled
from each hand-sample. The measurements were
carried out with an SCT cryogenic magnetometer
at the paleomagnetic laboratory at the Lamont—
Doherty Geological Observatory. Some samples
with a stronger magnetization were measured with
a Digico spinner magnetometer. Components of
magnetization were identified on orthogonal de-
magnetization diagrams, and directions were

List of paleomagnetic data and statistical parameters from rocks of Eocene age, before and after tectonic correction, after cleaning

Site a/b D (deg) I (deg) R K ags
F 17/21 119.8 —-39.0 16.795 78 4.1
151.0 —472 16.801 80 4.0
G 13/26 169.4 —55.2 12.453 22 9.1
190.7 —46.5 12453 37 6.9
H 12/15 148.6 —-47.3 11.746 43 6.7
184.7 —63.6 11.830 65 5.4
I 10/14 206.6 —66.4 9.689 28 9.1
249.6 —40.7 9.689 29 9.1
L 10/21 3255 +53.5 9.515 19 11.5
313.2 +50.6 9.520 19 11.5
(La) 4 354.1 +44.8 3.990 288 5.4
3442 +46.9 3.989 270 5.6
(Lb) 6 302.3 +54.5 5.950 100 6.7
292.5 +48.3 5.949 98 6.8
G+ H+L (mean) 153.0 —52.5 2.976 84 13.5
166.0 —-57.7 2.831 12 37.5

a: Number of specimens used in the calculation of the mean data. b: Number of measured specimens. Geomagnetic pole position
from site F (42.6° N, 9.0 °E). Pole latitude = 62.6 ° N; pole longitude = 257.1°E.
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TABLE 2
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List of paleomagnetic data and statistical parameters from rocks of Miocene age, before and after tectonic correction, after cleaning

Site a/b D (deg) D (deg) R K ags
A 20/30 359.0 +634 19.721 68 4.0
336.1 +50.0 19.738 72 3.1
B 18/18 202.8 —62.6 17.848 112 33
173.7 —-532 17.848 112 33
C 16/22 193.2 —58.2 15.705 50 5.2
166.2 —42.0 15.720 54 5.1
D 10/11 182.5 —-65.8 9.821 50 6.9
155.8 —41.7 9.821 50 6.9
E 19/23 353.0 +64.3 18.854 123 3.0
288.3 +49.7 18.855 124 3.0
Overall mean 186.6 —63.3 4977 177 5.8
(A-E) 153.0 —49.5 4.820 22 16.6
B+ C+ D (mean) 193.2 —-62.4 2.989 186 9.1
164.6 —-459 2.975 81 13.8

a: Number of specimens used in the calculation of the mean data. : Number of measured specimens.

calculated as far as practicable according to prin-
cipal component analysis (Kirshvink, 1980).
Paleomagnetic data are summarized in Tables 1
and 2 and are discussed below according to age.

Most of the sampled sites proved to be too
weakly magnetized and/or too unstable against
AF or thermal demagnetization to be
paleomagnetically useful. After two field sessions
only 10 sites (five of Focene age, and five of
Miocene age; as designated by letters above)
yielded characteristic magnetizations that provide
some information on Tertiary paleomagnetic di-
rections of Corsica.

3.1. Results from sites of Eocene age

The natural remanent magnetization (NRM) of
the nummulitic limestones is weak, generally 10~3
A m™!, except at site L, where it is about one
order of magnitude stronger. Thermal demagneti-
zation gave more consistent results than AF, al-
though for some samples successive application of
these demagnetization techniques has been used.
The paleomagnetic record of the rock appears to
be complex and the behaviour is not uniform
among the sites. Indeed, only five of the 11 sites
sampled showed a characteristic magnetization.
The sediments typically had two components of
magnetization: one aligned along the present field,

which is removed after AF treatment of about
20-40 mT or thermal treatment of 200°C, and
another of higher coercivity and/or unblocking
temperature with reversed polarity for all the sites
except L. This characteristic remanence, however,
is completely destroyed typically between 340 and
400 ° C, which made it difficult to obtain a good
trajectory on the demagnetization diagrams; sta-
ble end-point and minimum dispersion criteria
were therefore used to obtain representative site
mean directions. All the results are reported in
Table 1 and plotted on stereonet, site by site, in
Fig. 2.

Site F is the only Eocene site whose geologic
setting is clearly autochthonous. The 17 character-
istic sample directions of the site are well grouped
about a mean of declination/inclination of
119.8°/—39.0° (ag5 = 4.1°). After correction for
the monoclinal bedding dips, the mean direction
becomes 151.0° / — 47.2° (Fig. 2a).

A direction very close to that of site F was
exhibited by the 12 specimens from site H (Fig.
2b), but only before tectonic correction (148.6° /
—47.3°, ay5 = 6.7°). After tilt correction, the di-
rection (184.7°/—63.6°, aqs=15.4°) is signifi-
cantly different from that of site F.

Site G consists of the so-called Lozari Sand-
stones (Nardi et al., 1978). The magnetic record of
the ancient field is poor and only a few samples
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exhibited a characteristic magnetization. Many
samples are weakly magnetized or unstable. For
other samples, the directions obtained during de-
magnetization, before they became too weak for
further investigation, did not change appreciably
from the NRM direction. The 13 specimen direc-
tions shown in Fig. 2c gave a mean of 169.4° / —
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55.2° (ag5 =9.1°); after tectonic correction the
direction becomes 190.7° / — 46.5° (ags =6.9°).
Site L, near the village of Soveria, in the Fran-
cardo region, does not show bedding because of
heavy jointing. The remanence is not very stable
and a characteristic remanence could be isolated
in only less than half (10) of the specimens, which

180°

co211a

180°

Fig. 2. Stereographic projection of paleomagnetic mean directions before (circle) and after (square) tilt correction for sites of Eocene
age. Open symbols for negative inclinations. Orthogonal demagnetization plot in geographic co-ordinates. Solid squares, projection
on the horizontal axes; open circles, projection on vertical plane. Thermal steps are marked in degrees Celsius (° C).



104

180°

Fig. 2 (continued).

give a mean direction of 325.5°/53.5°, ay =
11.5° (313.2°/50.6° after tilt correction) (Fig.
2d). There is, however, the suggestion that the
results represent two populations, one (La) with
directions aligned more north—south in four sam-
ples with normal and reversed polarity
(354.1° /44.8°, ays = 5.6°; 344.2° /46.9° after tilt
correction), and the other (Lb) with more east—
west directions in six samples of only normal
polarity (302.3° /54.5°, ags=6.7°; 292.5° /48.3°
after tilt correction).

Site I was clearly affected by Alpine tectonics,
as testified by a slight foliation of the rock. This
may account for the mean direction obtained for
the 10 specimens out of 14 studied, which is
anomalous with respect to the other Eocene sites
either before (206.6° / — 66.4°, ays = 9.1°) or after
(249.6° / — 40.7°) tectonic correction (Fig. 2e).

3.2. Results from sites of Miocene age

The NRM intensities of the Miocene sediments
range from about 1074 to 5 X 107> A m™'. Repre-
sentative specimens from each site were AF and
thermally demagnetized; either technique was gen-
erally effective in isolating the stable component
of magnetization and AF demagnetization was
used most. In contrast to the Eocene sediments,

L. VIGLIOTTI AND D.V. KENT

the remanence of the Miocene samples was rela-
tively uncomplicated. After the removal of a small
overprint in 10-30 mT AF, consistent results were
obtained from the five accepted sites: sites B (Fig.
3a) and C (Fig. 3b) exhibited reversed magnetiza-
tion, sites A (Fig. 3¢) and E (Fig. 3d) had norma}
ones, and in site D both polarities were present
(Fig. 3e). Before tectonic corrections, the
paleomagnetic directions tended to lie along a
north—south axis similar to that of the present-day
field. The tectonic tilt correction is similar for all
samples within each site, but varies sufficiently
between sites for an overall fold or tilt test. Cleaned
directions before and after tilt correction are re-
ported in Table 2 and call for the following re-
marks.

Site B showed a stable magnetization with
well-defined reversed direction with little or no
overprint. The mean direction calculated in geo-
graphic coordinates for 18 specimens is 202.8° / —
62.6°, ays = 3.3° (Fig. 3a).

Two samples from site C (six specimens) were
apparently affected by lightning (strong NRM
rapidly decreased by AF treatment); neither ther-
mal nor AF cleaning was able to remove this
overprint completely, so these samples were re-
jected. One more specimen showed unresolved
magnetizations and it was not taken into account
in the calculation of the overall mean from 16
specimens in geographic co-ordinates of
193.2°/—58.2°, ays = 5.2° (Fig. 3b).

Normal and reversed magnetizations, apparent
even before demagnetization, were found in site
D. One sample changed its polarity from normal
to reversed after magnetic cleaning, but one speci-
men from the same sample showed an anomalous
direction and was rejected. The overall mean for
10 specimens from this site in geographic co-
ordinates is 182.5° / — 65.8°, ay; = 6.9° (Fig. 3c).

Site A was the only one in the region of St.
Florent to show uniformly normal polarity. The
stability of remanence is poor, with median de-
structive fields hardly exceeding 10 mT, and the
Zijderveld plots do not always appear to be clearly
linear. For this reason, 10 specimens were rejected.
The mean direction in geographic co-ordinates of
the remaining 20 specimens from the site is
359°/63.4°, ays = 4.0° (Fig. 3d).
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Paleomagnetic directions from site E (Fran-
cardo Basin) also show uniformly normal polari-
ties and gave a very similar mean direction of
353.0°/64.3°, ays = 3.0° for 19 specimens in geo-
graphic co-ordinates (Fig. 3e).
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4. Interpretation
According to Westphal et al. (1986), the ap-

parent polar wander path for stable Eurasia gives
an Eocene pole at 76° N, 161°E (ags =3°) and a
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Fig. 3. Stereographic projection of paleomagnetic mean directions before (circle) and after (square) tilt correction for sites of Miocene
age. Open symbols for negative inclinations. Orthogonal demagnetization plot in geographic co-ordinates. Solid squares, projection
on the horizontal axes; open circles, projection on vertical plane. Thermal steps are marked in degrees Celsius ( °C).
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Miocene pole at 80° N, 156°E (ags=7°). These
pole positions predict paleomagnetic directions for
the location of Corsica (42.6° N, 9.0°E) with de-
clinations and inclinations of 7.5°/49°
(187.5°/—49° for reversed polarity) for the
Eocene, and 6.6°/53.5° (186.6°/— 53.5° for re-
versed polarity) for the Miocene; the present-day
geomagnetic and dipole fields give directions of
359°/58.7° and 0°/61.5°, respectively (Fig. 4.
These predicted directions can be compared with
the paleomagnetic directions observed in the

A Oligo - Miocene (Sardinia)

® Miocene

Corsica
& Eocene

O Miocene

Europe
D gocene { urop

270 b —————+—
Fig. 4. Comparison of the mean paleomagnetic directions from
Corsica (Miocene mean from sites B, C and D; Eocene mean
from site F) with data from Sardinia (Montigny et al., 1981)
and Europe (computed from the poles of Westphal et al,
1986). Star marks the present-day local field direction. All data
downward pointing in lower hemisphere projection.
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Eocene and Miocene rocks studied from Corsica,
to assess the tectonic significance of the results.
Site F (151°/—47.1°, a4 = 4.1° after tectonic
tilt correction) provides perhaps the best estimate
in our data for the Eocene of Corsica, on the basis
that the direction in either geographic or tilt-cor-
rected coordinates does not correspond to any
younger predicted Furasian field direction, and
that the site is clearly autochthonous with a simple
structural attitude not affected by local rotations.

“Comparison of the data from site F with Eocene

predicted direction indicates 36.5° + 7° of coun-
ter-clockwise rotation, with negligible latitudinal
change, of Corsica with respect to stable Eurasia
in post-Lutetian times.

The other Eocene sites are more problematical
to interpret. Site I suffered penetrative Alpine
deformation, which may have affected an original
magnetization; alternatively, the reversed polarity
magnetization may represent a complex ancient
remagnetization. This latter possibility may also
account for the two magnetization populations
that could be interpreted from the data from site
L, neither of which is aligned along the present-day
field. However, if the limited palacomagnetic data
from site L are treated as a single group and
averaged with the means from sites G and H, we
find a significant increase in dispersion after tilt
correction (Table 1). This is strong evidence that
these sites (G, H and L) have been remagnetized
but it is interesting that the mean direction
(153.0°/—52.5°, ays=13.5° for N =3 sites in
geographic co-ordinates) is very similar to the
tilt-corrected mean direction of site F, which we
regard as a good estimate of the Eocene (Lutetian)
paleomagnetic field for Corsica. Remagnetization
may therefore have been taken place early in the
history of these sediments, after Alpine deforma-
tion in the late Eocene, but before the complietion
of the rotation of Corsica, presumably in the
Miocene.

For the Miocene of Corsica, the five accepted
sites (A—E) give an overall mean of 6.6°/63.3°,
ays = 5.8°, with an eightfold decrease in the preci-
sion parameter after tectonic tilt corrections (Ta-
ble 2). The magnetizations can therefore be re-
garded as largely secondary. However, although
the overall mean direction in geographic co-
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ordinates is not significantly different from the
present-day field, remagnetization of at least the
Miocene sites which have reversed magnetizations
(B, C and D) could not have occurred as recently
as the present (Brunhes) interval of normal geo-
magnetic polarity. It is also noted that the fold
test is not as convincingly negative for these re-
versed polarity sites, with a reduction in the preci-
sion parameter by only a factor of 2.3 with tilt
correction (Table 2). Although this lack of signifi-
cant change in dispersion can be attributed to the
generally small bedding dips at the Miocene sites
(except at site E, which effectively controls . the
overall fold test), it is interesting to speculate that
the magnetizations may perhaps be original. As
such, the mean of these three sites B, C and D
(164.3° / — 45.9°, ays = 9.1° after tilt correction)
would imply 22.3° + 16° of counter-clockwise ro-
tation with respect to the Miocene reference pole
for stable Eurasia.

5. Discussion

Although the generally poor magnetic stabili-
ties, weak magnetizations, and evidence of remag-
netizations limit tectonic interpretations of our
paleomagnetic results from Tertiary sediments of
Corsica, some tentative conclusions can be drawn
from the available data. As described above, what
is taken to be a representative Eocene magnetiza-
tion (site F) suggests that Corsica rotated ~ 37°
counter-clockwise with respect to Eurasia since
the Lutetian (Middle Eocene). Palacomagnetic re-
sults from Oligo-Miocene volcanics on Sardinia
show a similar amount of rotation. Although the
age of the Tertiary rocks studied in Corsica and
Sardinia is not precisely the same, the correspon-
dence in the amount of rotation is consistent with
Corsica and Sardinia being part of the same
tectonic block. Previously, VandenBerg and
Zijderveld (1982) considered Sardinia as part of
the Adriatic block (Adria), but excluded Corsica
from this block because its Paleozoic paleo-
magnetic directions are very different with respect
to those of Adria; our data would suggest a com-
mon tectonic history for Sardinia and Corsica
since at least the early to middle Tertiary.
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The radiometric age estimate of 19° Ma pro-
posed by Montigny et al. (1981) for the comple-
tion of rotation of (Corso-)Sardinia was related to
the upper Aquitanian stage of the Early Miocene;
according to the revised time-scale of Berggren et
al. (1985), this would correspond to the middle
part of the Burdigalian of the Early Miocene. If
the subset of our paleomagnetic results with re-
versed polarity represent original magnetizations,
as speculated above, then a rotation of ~ 22°
with respect to Eurasia was still to be completed
in post-Burdigalian—Langhian time; this would be
in better agreement with the interpretation of Bel-
lon et al. (1977), who proposed that the rotation of
(Corso-)Sardinia ended not until 15 Ma, or Lan-
ghian—Serravallian according to the time-scale of
Berggren et al. (1985). Additional stratigraphically
controlled paleomagnetic data for the Miocene are
clearly needed for Corsica and Sardinia to resolve
the problem of the timing of the rotation of the
Corso-Sardinian block.
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