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Tyrrhenian Sea: Evidence from magnetic anomaly analysis
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ABSTRACT

Spectral analysis of both shipborne and airborne magnetic maps of the southern
Tyrrhenian Sea reveals seven subparallel positive-negative magnetic anomaly stripes over
the flat-lying deep floor of the Marsili oceanic basin. This represents the first evidence of
oceanic magnetic anomalies in the Tyrrhenian Sea. The central positive stripe is along the
Marsili seamount, a superinflated spreading ridge located at the basin axis. The stratig-
raphy of Ocean Drilling Program Site 650 and K/Ar ages from the Marsili seamount
suggest that the Marsili Basin opened at the remarkable full-spreading rate of ~19 cm/
yr between ca. 1.6 and 2.1 Ma about the Olduvai subchron. This is the highest spreading
rate ever documented, including that observed at the Cocos-Pacific plate boundary. Re-
newed but slow spreading during the Brunhes chron (after 0.78 Ma), coupled with huge
magmatic inflation, gave rise to the Marsili volcano. Our new data and interpretation
show that backarc spreading of the Tyrrhenian Sea was episodic, with sudden rapid pulses

punctuating relatively long periods of tectonic quiescence.
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INTRODUCTION

The analysis of the magnetic anomaly stripes of the oceans has
greatly advanced knowledge of the crustal evolution of Earth. These
anomalies provide fundamental constraints for determining the modes
and timing of oceanic spreading.

In the Mediterranean domain (Fig. 1), the diachronous backarc
basins of the Liguro-Provencal and Tyrrhenian Seas opened as a result
of the generally eastward retreat of the lonian-Adriatic slab, which has
been passively sinking into the mantle since late Oligocene time (Mal-
inverno and Ryan, 1986). Slab rollback also induced progressive east-
ward migration of an Alpine-Apenninic orogenic wedge, and other in-
tervening microplates and terranes such as Corsica-Sardinia and
Calabria (Patacca et al., 1990).

Drilling results from Ocean Drilling Program (ODP) Leg 107
(Kastens et al., 1988, 1990) show that the Tyrrhenian backarc basin
has spread at an average rate of 6 cm/yr since ca. 10 Ma (late Miocene).
Core data from the plains of the deepest Vavilov and Marsili Basins
(3000-3500 m) (Fig. 1) suggested that ~15,000 km? of the Tyrrhenian
Sea is floored by oceanic crust, emplaced between the lower-middle
Pliocene and Pleistocene. However, both shipborne (Chiappini et al.,
2000) and airborne (AGIP, 1981) magnetic surveys of the Tyrrhenian
Sea revealed little evidence of the typical oceanic linear anomaly fea-
tures (Speranza and Chiappini, 2002), and cast doubt on emplacement
of oceanic crust in the Vavilov and Marsili Basins (Sartori, 2004). Here
we show results from a reanalysis of the shipborne (Chiappini et al.,
2000) and airborne (AGIP, 1981) magnetic maps, which provide clear
evidence for oceanic-type magnetic anomalies on the floor of the Mar-
sili Basin.

MARSILI BASIN AND SEAMOUNT: CHARACTERISTICS
AND AGE

The Marsili Basin is a flat, deep (3500 m on average), roughly
elliptical abyssal plain covering ~8000 km? (Fig. 1), with a NW-SE~
trending major axis (~110 km). Its young oceanic lithosphere is thin-

ner than 30 km (Marani and Trua, 2002) and crustal thickness is ~7
km (Scarascia et al., 1994).

The Marsili Basin is centered on the Marsili seamount, which rises
more than 3000 m from the surrounding plain. This huge volcano is
strikingly elongated NNE-SSW; it is ~50 km long and 16 km wide
(Marani and Trua, 2002).

The formation period of both the Marsili plain and seamount is
well constrained. Close to the western basin margin, Site 650 from
ODP Leg 107 recovered 602 m of Pleistocene—uppermost Pliocene
clastics, mudstones, and nannofossil oozes (Kastens et al., 1990). Al-
though the underlying altered vesicular basalts were drilled for only
32 m, seismic reflection data and the velocity computed for the up-
permost acoustic basement suggest that the cored basalts represent the
basement, rather than a flow overlying older sediments (e.g., Kastens
et al., 1988).

Kastens et al. (1988, 1990) assigned the basal sediments of Site
650 to the Olduvai subchron. However, the occurrence of the plank-
tonic foraminifer Globorotalia truncatulinoides truncatulinoides in the
lowermost sediment (Kastens et al., 1990) indicates an age 0.1-0.2 m.y.
older than the bottom of the Olduvai subchron. Thus, the normal po-
larity may have arisen from the delayed acquisition of magnetization.

At the Marsili seamount, lava samples dredged on the summit of
the volcano yielded K/Ar ages of 0.1-0.2 Ma (Selli et al., 1977). These
dates and the normal magnetization retrieved for the volcanic edifice
(Faggioni et al., 1995) suggest that the volcano was emplaced over the
past 780 k.y., during the Brunhes polarity chron. Marani and Trua
(2002) suggested that the Marsili volcano is a superinflated spreading
ridge of the surrounding basin, emplaced during slow-spreading plate
separation. Age constraints from the top of the volcano, and from the
likely older basin floor sector, yield an average half-spreading rate es-
timate of 1.5-2.0 cm/yr (Kastens et al., 1990).

EVIDENCE OF OCEANIC MAGNETIC ANOMALIES IN THE
MARSILI BASIN

Shipborne (Chiappini et al., 2000) and airborne (AGIP, 1981)
magnetic surveys of the Marsili Basin mapped very similar anomaly
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Figure 1. Digital elevation model (from National Geophysical Data
Center ETOPO2 at http://www.ngdc.noaa.gov/mgg/fliers/01mgg04.
html) of southern Tyrrhenian Sea and surrounding areas. Yellow line
encircles flat-lying floor of Marsili Basin. Location of Ocean Drilling
Program (ODP) Site 650 is from Kastens et al. (1988).

patterns. The survey data define a NNE-SSW-elongated, high-intensity
(>1000 nT) positive anomaly over the Marsili volcano (see GSA Data
Repository Figs. DR1 and DR2!) with mostly negative magnetic anom-
alies in the adjacent flat oceanic floor of the Marsili Basin (e.g., Fag-
gioni et al., 1995).

The magnetic anomaly pattern of the relatively small Marsili Ba-
sin is affected by the magnetic signature of the huge basaltic edifice
of the Marsili volcano, and the magnetization of the seamounts located
off the basin. Fourier analysis of the shipborne profiles across the NNE-
SSW axis of the Marsili seamount found that the dominant wavelength
component occurred at ~35 km. To enhance this trend in both the ship
and airborne data, we designed a composite high-pass, strike-sensitive
filter that passed essentially the 40 km and smaller anomaly compo-
nents trending orthogonally to the NNE-SSW axis of the Marsili sea-
mount. The applications of the composite filters to the ship and air-
borne magnetic data are given in Figure 2 and Figure DR3 (see
footnote 1), respectively.

The filtering on both data sets reveals seven roughly parallel, al-
ternating anomaly stripes centered on the axial positive N1 anomaly
in Figures 2 and DR3 (see footnote 1). Superimposed over the Marsili
seamount, the largest amplitude linear anomaly N1 essentially reflects
the magnetic effects of the seamount. The three flanking pairs of anom-
aly stripes over the flat-lying floor of the oceanic basin are not asso-
ciated with morphological features. Thus, we interpret the three paired
anomaly stripes to be due to the highly magnetized extrusive basalts
of the 2A seismic layer in the uppermost part of the oceanic crust,
which is normally <1 km thick (Gee and Kent, 1994; Bazin et al.,
2001). The more poorly defined outermost negative R2ZW and R2E
anomaly stripes (Fig. 2) may also include the magnetic influence of
the crust and seamounts located off the Marsili Basin and other bound-
ary effects.

After removing the high-frequency component, the residual mag-
netic anomaly field is dominated by the axial linear positive anomaly

IGSA Data Repository item 2006150, Figures DR1-DR6, Tyrrhenian
magnetic anomalies, is available online at www.geosociety.org/pubs/ft2006.htm,
or on request from editing @ geosociety.org or Documents Secretary, GSA, PO.
Box 9140, Boulder, CO 80301, USA.

718

13°30E T9E T4I0E 15E 15°30E
&
8 A R B
y
% R >
3 = 2
. A
g =
5 S
g 3
13°30E 4E 14°30E 15°E 15°30€
100 10 20 30
km nT
-3000 -1500 -850 -250 100 00 100 250 650 1000 2000 4000 BOD.O  1500.0

Figure 2. Shipborne magnetic anomaly map of Marsili Basin from
Chiappini et al. (2000) filtered to emphasize anomaly components
with wavelengths of ~40 km or less along WNW-ESE direction (see
text). Dashed line is margin of deep basin floor shown in Figure 1.
A-A’ magnetic profile is shown in Figure DR6 (see footnote 1).

centered over the Marsili seamount and broad negative anomalies over
the flanking basin components (Figs. DR4 and DRS5; see footnote 1).
Positive residual anomalies are also observed at the western and eastern
margins of the basin. We can relate the filtered and residual magnetic
anomalies to a variety of crustal sources because of the apparently
layered structure of the oceanic crust (e.g., Dyment and Arkani-Hamed,
1998).

Using the bathymetric data and the filtered magnetic anomalies of
Figure 2, we obtained by inversion (Bear et al., 1995) a model of the
magnetizations of the 2A basalt layer of the oceanic crust for the Mar-
sili Basin given in Figure 3. We used an array of 2000 X 2000 X 1000
m volumetric cells to model the magnetization variations of the 2A
basalt layer. We placed the top of the layer at a depth of ~500 m under
the flat basin floor, assuming the uppermost 500 m of crust was made
up of virtually nonmagnetic sediments (the log of the ODP Site 650
recovered 602 m of sediments before drilling the basalts; Kastens et
al., 1988). The magnetizations in Figure 3 compare well with those
actually measured for the oceanic crust (Smith and Banerjee, 1986;
Gee and Kent, 1994) and closely mirror the filtered anomalies in Fig-
ure 2.

The broad negative residual anomalies overlying the ocean floor
flanking the Marsili seamount (Figs. DR4 and DRS; see footnote 1)
indicate that the deeper part of the oceanic crust in the Marsili Basin
(likely corresponding with the gabbro layer) hosts a predominant
reverse-polarity magnetization. The boundaries between the normally
and reversely magnetized stripes of oceanic crust may be far from the
vertical (Tivey, 1996), so that polarity layering of the oceanic crust at
depth can result (Tivey, 1996; Hall and Muzzati, 1999). Moreover, the
higher rate of oceanic spreading produces fewer vertical contacts be-
tween the oppositely magnetized crustal blocks due to conductive cool-
ing of the crust (Blakely, 1976; Cande and Kent, 1976) and/or the
delayed generation of the magnetic minerals over time arising from
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Figure 3. Magnetizations of 2A basalt layer estimated from inversion
of filtered anomalies in Figure 2.

hydrothermal alteration processes (Hall and Muzzati, 1999). Thus, po-
larity layering of the crust in the Marsili Basin may reflect a high
spreading rate during basin development.

CORRELATION OF MAGNETIC ANOMALY STRIPES WITH
POLARITY CHRONS: IMPLICATIONS FOR THE
SPREADING RATE

The K/Ar ages of 0.1-0.2 Ma from the top of the Marsili sea-
mount (Selli et al., 1977) and the normal magnetic polarity of the
seamount from our data inversion (Fig. 3) indicate that the axial pos-
itive N1 stripe in Figure 2 reflects magnetization acquired during the
Brunhes chron, as Faggioni et al. (1995) proposed. Therefore, the ad-
jacent RIW and RI1E negative anomaly stripes are inferred to represent
oceanic crust emplaced during the Matuyama reverse chron, which
agrees with previous suggestions (Faggioni et al., 1995).

Our work, however, also resolves the paired positive N2W and
N2E and negative R2ZW and R2E anomaly stripes (Fig. 2). ODP Site
650 is located at the easternmost edge of the reversely magnetized
R2W crustal stripe (Fig. 3). The older sediments overlying the basalts
drilled at Site 650 were deposited ~0.1-0.2 m.y. before the Olduvai
subchron. Therefore, the normally magnetized oceanic crust of the
N2W stripe should be synchronous and/or slightly younger than the
lowermost sediments cored at Site 650, and older than the upper part
of the Matuyama chron (Cl1r) of the adjacent R1W stripe. We conclude
that the normal-polarity N2W stripe and its complementary symmet-
rical N2E stripe were produced by oceanic crust emplaced during the
1.77-1.95 Ma Olduvai subchron (Cande and Kent, 1995).

The crustal stripes producing the N2W and N2E anomalies have
an average width of 17 = 1 km (Fig. 3). Therefore, their correlation
with the Olduvai subchron, which lasted 0.18 m.y., translates into a
half-spreading rate of 9-10 cm/yr for the Marsili Basin. This result is
consistent with the high spreading rate suggested by the in-depth po-
larity layering of the oceanic crust. This spreading rate is significantly
greater than the normal geologically averaged 2-7 cm/yr spreading
rates of backarc basins (Taylor, 1995), although the Lau Basin in the
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Figure 4. Dating N1, R1, N2, and R2 indicates magnetic anomaly
stripes of Figure 2 in context of magnetic polarity (Cande and Kent,
1995) and biostratigraphic (Cita et al., 1999) scales for late Pliocene—
Pleistocene development of Marsili Basin and seamount. For sim-
plicity, Brunhes excursions and Cobb Mountain and Reunion events
were omitted. (References are provided in the Data Repository, see
footnote 1).

western Pacific is currently expanding at the rate of 16 cm/yr (Bevis
et al., 1995). In general, the spreading rate of the Marsili Basin is
comparable to the fastest known full spreading rate of 18-21 cm/yr
calculated for the middle Miocene Cocos-Pacific plate boundary (Wil-
son, 1996).

Extrapolating the 9—10 cm/yr rate evaluated for the N2W and N2E
stripes to the younger crust may suggest that 2 93-km-wide reversely
magnetized crust stripes formed during chron Clr (0.78-1.77 Ma). The
crustal components of the negative RIW and R1E anomalies, by con-
trast, are on average only 16 km wide (Fig. 3). Thus, we conclude that
the spreading of the Marsili Basin occurred through two episodes with
completely different spreading rates.

In the chronographic context of Figure 4, ultra-rapid spreading of
~19 cm/yr generated most of the basin during the uppermost Pliocene—
lower Pleistocene, between ca. 2.1 and 1.6 Ma. A dramatic slowdown
or perhaps total cessation of spreading followed for a period of ~1
m.y. In the mid-late Pleistocene (after 0.78 Ma), plate spreading re-
sumed, but at a much reduced rate so that magmatic superinflation
produced the Marsili volcano. The deeper gabbroic layer of the oceanic
crust of the Marsili Basin was produced rapidly, partly during the nor-
mal polarity Olduvai subchron. However, it subsequently cooled and
acquired magnetization, mostly during the reverse-polarity upper Ma-
tuyama chron (Clr), with minimal Olduvai subchron imprinting due to
the extremely high spreading rate.

719



CONCLUSIONS

Seven alternating magnetic anomaly stripes in the Marsili Basin
provide insight on the timing of oceanic spreading in this sector of the
southern Tyrrhenian Sea. Age constraints from both the Marsili Basin
and seamount were used to correlate the individual anomalies to the
global magnetic polarity time scale. The two N2 positive anomaly
stripes from the peripheral parts of the basin can be unambiguously
related to oceanic crust emplaced during the Olduvai subchron. The 17
km mean width of the inferred normally magnetized crustal stripes and
the 0.18 m.y. duration of the Olduvai subchron imply that most of the
Marsili Basin opened over a few hundred thousand years during the
Pliocene-Pleistocene transition, ca. 1.6-2.1 Ma, with a full spreading
rate of ~19 cm/yr. This spreading rate is similar to the fastest known
full spreading rate of 18-21 cm/yr calculated for the Cocos-Pacific
plate boundary (e.g., Wilson, 1996). However, it is significantly greater
than geologically averaged values from all other backarc basins. This
ultrarapid spreading stopped or decreased dramatically after the early
Pleistocene. After 0.78 Ma slow spreading resumed during the Brunhes
chron, giving rise to the huge Marsili seamount, a superinflated spread-
ing ridge.

These new data reveal a strikingly discontinuous geodynamic evo-
lution of the Tyrrhenian Sea. In the Marsili Basin, a relatively long
period (~1 m.y.) of tectonic quiescence separated the rapid spreading
and magmatic inflation episodes. The accelerated development of the
southern Tyrrhenian Sea may also be related to an ultra-rapid early
Pleistocene paleomagnetic rotation of the southern Apennine belt (Mat-
tei et al., 2004). However, the age uncertainty of the paleomagnetic
rotation also allows the ultra-rapid events in the southern Apennines
and Tyrrhenian Sea to be partly coeval and thus genetically related.

The development of the Marsili Basin between 1.6 and 2.1 Ma at
the full spreading rate of ~19 cm/yr required a similar coeval drift
velocity for the Calabrian block, which migrated southeastward ahead
of the backarc spreading basin. However, the Tyrrhenian Sea spreading
and the migration of the orogenic wedge since late Miocene time de-
veloped at the average rate of 6 cm/yr (Patacca et al., 1990). We con-
clude that the evolution of the Tyrrhenian arc-backarc system occurred
through a succession of ultra-rapid and slow spreading events separated
by periods of relative quiescence.
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