
ABSTRACT

Because of the close similarity of some Italian and Mediterranean
tectonic situations to the East Asia tectonics – arcs, trenches, Wadati-
Benioff zones, volcanic and seismic activities, and a typical horizontal
bending of the alleged lithospheric slab –, many clues are examined in
search of new interpretations of the Mediterranean geological and
observational evidence, with the aim of finding solutions that are
exportable to the problems of the circumpacific arc-trench zones.

The facts coming from surface geology, magmatism, geochem-
istry, different method tomographies, etc., are at variance with the
alleged Africa-Eurasia convergence. The clues for rifting prevail over
those for compression, and many tectonic situations previously
interpreted as due to plate collisions, are associated to or mixed to
rifting evidence. The proposal is put forward that uprising of mantle
material wedges between two separating lithospheric plates could be
a new working hypothesis.

On an expanding Earth the region interposed between Eurasia
and Africa has always had a smaller latitudinal extension with
respect to the large Paleo Tethys and Neo Tethys appearing on con-
stant-radius paleogeographical reconstructions. It is then possible,
in the expanding Earth view, also to identify as phases of opening
the Paleo Tethys and Neo Tethys currently alleged ‘closure’, which
has added to the Proterozoic nuclei the Variscan and Alpine terranes
respectively. These phases and their orogens have to be considered
as extensional phases, and the added terranes of African provenance
(e.g. the Adriatic fragment) should be regarded as fragments left
behind as continental Africa moved away. In this sense, considering
the ongoing process of opening as having Proterozoic origin, it is
possible to speak of the Mediterranean as a slowly nascent ocean,
but also – paradoxically – as a very old ocean.

KEY WORDS: Continental and oceanic deep structures,
Wadati-Benioff zones, expanding Earth.

From: WEZEL F.C. (ed.) 2005, Earth dynamics beyond
the plate paradigm.

INTRODUCTION

HISTORICAL

The opening of the Mediterranean is an old idea. A
description of the opening process can be found in MAN-
TOVANI (1889), and a first paleogeographical map is pre-
sented in an anonymous book of the beginning of the last
century (ANONYMOUS, 1928). Successively many others
have described the Mediterranean as an opening sea on
the basis of the geological data that was available at their
time (HILGENBERG, 1933, 1974; CAREY, 1958, 1986;
GLANGEAUD, 1957; CHUDINOV, 1980; OWEN, 1976, 1983;
among others; See also the bibliographic databank in
SCALERA & JACOB, 2003)

In these last few years, the observations have increased
in number thanks to new technologies, and further geo-

logical, geophysical and geochemical data that have been
gathered. Especially progressive improvements of large-
scale seismic tomographic techniques have allowed the
issuance of more detailed images of Earth’s mantle. But
while a confirmation of plate tectonics was expected, the
new deep Earth imaging does not correspond to the pre-
scriptions of the dominant theory. According to the plate
tectonics hypotheses, a huge amount of subducted Pan-
thalassa is expected in the Pacific (near 13000 km starting
from the end of the Triassic). Recent reviews (FUKAO et
alii, 2001; ROMANOWICZ, 2003) – of results of different
groups working on large scale seismic tomography –
show that the prolongation of the rigid/colder lithos-
pheric slab up to the core mantle boundary, if any, is not
clearly recognizable. Often the tomographic image of
these high-velocity bodies become smoothly horizontal –
at the depth of the 640 km discontinuity – and often it
continues to bend slightly coming back toward the upper
mantle. The mechanical difficulty of this situation puts in
doubt the reality of the alleged subductive phenomenon
itself.

ASSUMPTIONS AND RATIONALE

Starting from the above mentioned tomographic
evidence and adopting the following further starting
assumptions:

i) the interpretation of the Wadati-Benioff zone as a
subduction zone is wrong;

ii) the interpretation of the ocean-bottom symmetric
couple of magnetic anomaly as an effect of the mid-
oceanic ridge spreading is true;

then a highly probable expansion of Earth in the course
of geologic time is occurring, and in this latter framework
a new interpretation of the Wadati-Benioff zones has to
be searched for.

Since on an expanding Earth the region between
Africa and Eurasia has always had little latitudinal
extension (fig. 1), it is possible in this view, to identify
the currently alleged Paleo Tethys and Neo Tethys ‘clo-
sure’, as a Mediterranean phases of opening too, which
has added to the Proterozoic nuclei the Variscan and
Alpine orogenised or continentalised terranes respec-
tively.

Indeed, the strong paleontological differences between
the Laurasia and Gondwana supercontinents is currently
presented as strong evidence in favour of a large inter-
posed ocean, the Tethys. But it is often forgotten that the
same species separation could be due to a terrestrial bar-
rier, and that the most probable candidate is a vast desert
extending from the Atlantic to the Red Sea and further to
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the east. Considering that the True Polar Wander from
100Ma up to the Recent has been not more than 15°
(BESSE & COURTILLOT, 2002), it is possible that the
Sahara has been located approximately in the same areas
and more or less of the same size at least since the Ter-
tiary (CORBET, 1967). This African desert and its prolon-
gation towards the Middle East and Asia can be the
searched-for strong paleontologic separator, in the pres-
ence of only narrow seas between Eurasia and Africa.

Then, these Paleo Tethys to Neo Tethys phases and
their orogens can be considered as extensional phases,
and the added terranes of African provenance (e.g. the
Adriatic fragment) should be regarded as fragments left
behind as continental Africa moved away. This leads me

to interpret the actual Mediterranean as a phase of the
slow opening of an embryonic ocean, whose slowness is
due to its antipodal position with respect to the region of
maximum sea-floor expansion rate – namely the Nazca
triple point zone. In this sense, considering the ongoing
process of opening as having Proterozoic origin, it is pos-
sible to speak of the Mediterranean as a slowly nascent
ocean, but also – paradoxically – as a very old ocean.

From this interpretation it follows that the Mediter-
ranean trench-arc-backarc zones – and the associated
Wadati-Benioff seismofocal zones –, because they are the
main source of active tectonism today, should be inter-
preted as contributors to distensional strain. Some gen-
eral aspects of the expanding Earth view have been sub-
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Fig. 1 - Differences between the plate tectonics and the expanding Earth paleogeography. In a) the lower Jurassic global paleogeography is
shown on the actual Earth radius: the Atlantic ocean is closed and a wide Tethys ocean is needed if we choose to join Africa and Europe to
the Americas in the unbroken supercontinent Pangea. In western culture, Plato’s legend of Atlantis has biased this choice inhibiting the
second possible alternative of joining Africa to Europe. In b) the upper Jurassic conventional paleogeography is reconstructed on a globe of
3800 km of radius. In this reconstruction a wide Tethys is not needed and Africa and Europe appear in mutual proximity. In c) the lower
Cretaceous is represented on a globe of radius 4800 km. Also in this case the Tethys sea is not necessary and India has not lost contact with
Eurasia. All this mean that the Tethys-Mediterranean grew slowly if Earth expanded and if ocean-bottom geochronology is assumed.

Fig. 2 - The occurrence number of felt effects VII MCS on the Italian peninsula (BOSCHI et alii, 1995) is plotted in a) and b). The elongated
pattern of seismic energy emission shows two parallel lines (white dotted lines in b) that follow the Apennines. It can be hypothesised that
the two lines define a long collapse zone of the orogen. Along the Calabrian arc the double line vanishes and the region is in a younger state
of evolution, still far from the future collapse. The zone of transition appears to be the Irpinia. In c) a comparison is shown between the
higher values of the maximum felt intensity (IX, X, XI MCS degree) (BOSCHI et alii, 1995) and all the volcanics (black areas) that are reported
in “Structural Kinematic Map of Italy” (BIGI et alii, 1991), in “Magnetized Intrasedimentary Bodies” (CASSANO et alii, 1986), and in LAVEC-
CHIA & STOPPA (1996, carbonatites). The more energetic Apenninic seismicity is confined in the gaps of volcanics, and mainly immediately
west from the orogen front. Recently discovered carbonatites (green stars) help to better define the anticorrelation between volcanics and
earthquakes. Another factor of inhibition of seismicity is the presence of minima of the Bouguer gravimetric anomaly, which are related to
greater crustal thickness and/or to different characteristics of the crust. It is possible to observe high emissions of seismic energy in the gap
between two volcanic area – e.g. north of Cilento, southern Italy; on the Apennines near Bologna; on Mugello, north of Florence) – that pre-
sumably were once united. This give an idea of the tectonic transport operated by the earthquakes – and by the undercrustal mass move-
ments that cause them – in just a few million years. The position of high energy seismicity between already existing important volcanics di-
stribution and the front of the orogen can mean that earthquakes are preparatory phases of new future emplacement of volcanics, and then
that they are mainly related to dike (sensu lato) intrusions, favoured by a general tensional state of the lithosphere on an expanding Earth. In
d) a long alignment of large positive magnetic anomalies is recognizable in the total intensity map (CARATORI TONTINI et alii, 2004) from
Ancona to Calabria (similar result, although higher frequencies are shown, in the map of CHIAPPINI et alii, 2000), which seems to delimi-
tate the western boundary of the Adriatic lithosphere, where phenomena of extrusion of the magnetic basement are possible (SPERANZA &
CHIAPPINI, 2002). This possible extrusion is in agreement with the ideas expressed in this paper.
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jects of preceding papers (SCALERA, 1993, 1998, 2003;
SCALERA & JACOB, 2003), but in this work I will focus on
the recent results and detailed surveys of geosciences in a
more limited region – the Italian and Mediterranean
region – hoping to extract sufficient information to pro-
pose a new interpretation of the regional geodynamics.

CLUES  FROM  SEISMIC  PROSPECTING

In a preceding paper (SCALERA, 1997) a digitization
was performed of all volcanic rock fragments, main
thrust fronts and fold axes from the “Synthetic Structural
Kinematic Map” of Italy (BIGI et alii, 1991), as well as of
all intrasedimentary magnetic bodies from the map of
CASSANO et alii (1986). The two maps complement each
other, and the buried magnetized bodies of the CASSANO

et alii’s map fill the gaps of volcanic rocks of the struc-
tural map in various regions of the Italian peninsula – the
best example of this in Tuscany. Major gaps can be found
along the Northern, the Central and Southern Apennines
and the Calabrian arc (fig. 2). A further comparison of the
pattern of all volcanic rocks with the map representing
the “Log C – seismic macrozonation index” (FAVALI et alii,
1990; SCALERA, 1997), revealed that more seismic energy
is released in those areas where volcanic rocks are absent
or where their continuity in space is interrupted
(SCALERA, 1997). Furthermore seismic activity is inhib-
ited in those areas where minimum values of Bouguer
anomalies are recorded (SCALERA, 1997). All this seems to
indicate a linking of both the seismic and the volcanic
activity to the same phenomenological root. It could be
that the seismic phenomena are the preparatory phases of
the appearance of volcanic phenomena. Indeed a similar
spatial distribution of strong seismicity and volcanoes
exists also on the Aegean arcs (see the map of CADET &
FUNICIELLO, 2004 and maps in VANNUCCI et alii, 2004).

The recent discovery of new and unexpected carbon-
atites in Italy (LAVECCHIA & STOPPA, 1996; STOPPA &
WOOLLEY, 1997; LAVECCHIA et alii, 2002) has completed
the zonation of volcanics in central Italy (SCALERA, 1997),
allowing a better fit between high seismic energy emis-
sion and the eastern boundary of the Plio-Quaternary vol-
canic region on the Apennines.

But the “Log C – seismic macrozonation index” was
only a part of the possible mapping which uses macro-
seismic data. All the available macroseismic data of Italy
(essentially the isoseismal maps) were used (BOSCHI et
alii, 1995) to produce both the Map of Maximum Felt
Intensity in Italy and the couple of maps of the Number
of VII and VIII MCS degree effects felt in Italy. While the
Map of the Number of VIII MCS provides an immediate
perception of the areas more frequently shocked to a very
dangerous level of damage, the Map of the Number of VII
MCS could have interest as a tectonic index. On this last
map, the maximum occurrence of VII degree MCS areas
is distributed along the Apennine belt on two parallel nar-
row lines which are perceptible from the Northern Apen-
nines to south of the Irpinia caldera (fig. 2b). Most of the
six degree seismicity is contained between these tracks.

A possible interpretation of this rail-like pattern of the
VII degree seismicity is that these two parallel lines could
represent a boundary of an inner zone – a narrow summi-
tal belt – that is moving, collapsing, with respect to the
region external to the two lines. Other clues seem to

favour this interpretation: the focal mechanisms of the
stronger earthquakes on the Adria peninsula are indica-
tive of normal faults on the axis of the orogen, and of
compressive stress on the Adriatic front, on the eastern
Apennines slope (fig. 3a). Few strong earthquakes are
expressed on the volcanic zone on the western slope. The
same indication of a tensional state of the central summi-
tal belt of Apennines came from the analysis of in-situ
stress data, the borehole breakouts in deep wells (MON-
TONE et alii, 1997). A further detailed seismo-geodetic
investigation of the recent Colfiorito earthquakes (1997-
1998, M>5) has revealed that the succession of disten-
sional main shocks of the sequence have produced a sub-
sidence of the epicentral region of several centimetres
(SALVI et alii, 1997; BARCHI et alii, 2003).

Two different results are found by seismic tomogra-
phy dependending on the adopted tomographic method-
ology. The first method uses the propagation of Pn, Sn,
Lg, crustal and subcrustal waves, to assess the elastic
properties of crust and mantle-lid, while the second
method uses body waves P and S to probe depths greater
than the Moho discontinuity, and virtually all the Earth’s
body if the seismic net has adequate extension.

Use of the first method, the Sn and Lg propagation
under Adria and surrounding regions (MELE et alii, 1996,
1997) has established inefficient wave transmission in the
uppermost mantle beneath the Apennines, the western
margin of the Italian peninsula and the southern Tyrrhen-
ian sea. A former investigation using Pn waves (MELE et
alii, 1996) has found a more delimited high-attenuation
zone along the Apennine axis and eastern slope. Same
clues from Sn and Lg came from the southern Calabrian
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Fig. 3 - Focal mechanisms in the Mediterranean region. All the data from the CMT catalogue. a) The Italian region (M≥5.3). On the Apennine
axis the focal mechanisms are tensile, while in other zones like north of Sicily, or the Adriatic and Dinarides, compression prevails. b) Azores
triple point region (M≥5.3). Distension prevails on the Azores, and strike is dominant in the region enclosed between the islands and Gibraltar.
c) Rif-Atlas-Magrebides region (M≥5.1). Compression is revealed on Atlas, while a more complicated stress is present on the surrounding
regions. d) Aegean-Anatolian-Levantine Sea (M≥5.5; M≥5.1 on Sinai-Dead Sea region). focal mechanisms reveal a tensional state of stress on
the Aegean sea. Compression prevails on the Aegean arc and trench. Strike slip is evident on the northern and eastern Anatolian regions.
Opposite strike characterizes the Dead sea-Jordan fault. The compressions should be interpreted as produced by the lateral spreading of orogens.
The larger grey focal spheres in a), b) and c) are the averaged fault solutions computed by VANNUCCI et alii (2004) for the Apennine axis, the
Gibraltar-Azores transform segment, and the Atlas region respectively.



arc (MELE et alii, 1997). These results should be better
assessed and confirmed, checking for the delaying effect
of refraction of Pn and Sn by the possible irregularity of
the Moho topography. Further evidence for a tensional
state of the southern Calabrian arc and the Straits of
Messina have been proposed for a long time (SELLI et alii,
1978) but a number of papers about the geology and ori-
gin of the straits came out in the second half of the 19th

century. The complex graben structure and evolution of
the region was recognized (SELLI et alii, 1978) on the
basis of the geologic setting of structures, surface faults,
and seismologic evidence. Today all this evidence is
reconfirmed (VALENSISE & PANTOSTI, 1992; PINO et alii,
2000) and strengthened by geodetic measurements,
whose displacement vectors indicate an eastward compo-
nent of the displacement of Sicily with respect to Cal-
abrian arc (D’AGOSTINO & SELVAGGI, 2003).

Using the second method of P and S body waves,
deeper tomographic images have been recently published
for the Italian region (CIMINI, 1999; AMATO & CIMINI,
2001; CIMINI & GORI, 2001; LUCENTE et alii, 1999; DI STE-
FANO et alii, 1999; NERI et alii, 2002; MONTUORI, 2004). In a
P wave 3-D deep velocity image (CIMINI, 1999), using tele-
seismic events, a deep elongated belt of higher velocity is
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Fig. 4 - The seismic tomography (drawn on the basis of the results of
PIROMALLO & MORELLI, 2003) reveals a wide area of anomalous
high velocity (blue zones in the stack) trapped in the transition zone
under the Mediterranean basin. The total area of this anomalous zone
is nearly equal to the area of the sea basin, 3.0 × 106 km2. Three
main high velocity bodies are discernible: the Alpine, the Tyrrhenian
and the Aegean. These bodies connect the Moho to the horizontal
high velocity material in the transition zone. Af = Africa; An = Anato-
lian Peninsula; Eu = Europe; Gr = Greece; Ib = Iberian Peninsula.
Vertical scale is enhanced by a factor of 2.0. North is toward the
upper left corner of the figure.

Fig. 5 - A simplified sketch of the non-conventional interpretation of the seismic tomographies imaging. This interpretation is based on a pos-
sible rising of the anomalous mantle material (denser/colder than surrounding material, represented in blue) – mostly trapped in the transi-
tion zone under the Mediterranean region (PIROMALLO & MORELLI, 2003) – along the narrow and nearly vertical high velocity bodies
revealed by body wave tomography (CIMINI, 1999; MONTUORI, 2004; SPAKMAN & WORTEL, 2004; and many others). It is supposed that ther-
mal and volcanic phenomena become increasingly important as the deep material approach the surface, with decompression, dehydration,
differentiation and loss of fluids (CHOI, 2003). Only some branches of the probably more complicated sub-lithospheric branching are shown,
adopting ideal clear separation surfaces that in reality should be more diffuse. The somewhat more complex pattern of the 50-450km density
anomalies can be seen in the stack of high velocity zones in fig. 4, which have been traced based on the paper of PIROMALLO & MORELLI
(2003). Vertical scale is equal to the horizontal scale. North is toward the lower right corner of the figure.



evident starting from under the crust corresponding to the
Calabrian arc axis and dipping at a high angle – or nearly
vertically – toward the Tyrrhenian sea. The plotting of the
hypocenters of the deep regional seismicity shows that the
pattern of the Wadati-Benioff focal zone – up to 400 km
deep – is not in correspondence with the northern interface
between the alleged subducting slab revealed in the tomog-
raphy and the boundary of the backarc basin, but it is in a
somewhat not-correlated position with respect to the cen-
tral axis of the high-velocity structure. The same kind of
teleseismic waveforms were collected to determine a 3-D
velocity structure beneath the central-southern Apennines
(CIMINI & GORI, 2001), and a similar narrow high velocity
structure is found dipping at more than 45° towards the
basin centre, but no seismicity deeper than 50 km is pre-
sent in this region (DI STEFANO et alii, 1999; LUCENTE et
alii, 1999).

It is evident in the different images – but clearer in
the MONTUORI (2004) – that the high velocity body is
spreading at depths of up to 350 km, and this could mean
that the higher quality body connects gently with the deep
horizontal high velocity anomaly revealed by PIROMALLO

& MORELLI (2003) that extends up to 650 km under the
entire northern Mediterranean region (fig. 4, fig. 5). Also
evident from these imageries is the real continuity of the
high velocity from the central Apennines to the Calabrian
arc and further on, with the acute angle of impossible
“subduction”. An additional fact is that while the nearly
vertical high velocity body is continuous under the north-
ern Apennines, with minor discontinuities under central-
southern Apennines and continuous under the Calabrian-
Scilian arc, the same does not remain true for the
intermediate and deep seismicity, which is present only
under Aeolian and Calabrian arcs (up to 400-500 km), but
not present under Apennines (hypocenters only up to 50
km under the belt’s northern segment, and shallow under
central segment as well as under Irpinia). This different
depth of the earthquake foci distribution along the belt
can be associated to a different degree of evolution in the
tectonic process, and to the southward migration of the
deep tectonic activity, which today produces the uplift
and exposure of the crystalline basement – the Pre-
Miocene substratum – of the Calabrian arc.

DSS & CROP PROFILES

Recently published profiles of the CROP, Deep Crust
Project, surveys (MORELLI, 1998; 2003; SCROCCA et alii,
2003), and integrations and reinterpretations of DSS pro-
files (CASSINIS et alii, 2003) on the Italian region do not
detect subducted slabs with certainty. This happen also
because of the intrinsic limitations of the method and the
maximum depth of observable reflectors (40-50 km).
Most underthrusts have uncertain boundaries and their
small dipping angles are incompatible with the results of
tomographies (see the angles of the high velocity bodies
in CIMINI & GORI, 2001). Some interpreters of the profiles
prefer to leave open the question of the subduction, and
the best the reflection profiles can do is to define the
thickness of the crust, namely the Moho topography and
if possible the thickness of the lid. Also well defined is the
generally disrupted characteristic of the crust under the
Apennines, in some authors defined – somewhat improp-
erly – as boudinage. The well resolved difference between
the Adriatic crust and the Tyrrhenian realm crust has

already led some geologists (e.g. LAVECCHIA et alii, 2002;
among others) to abandon the subduction slab hypothe-
sized under the Apennine, in favour of a nearly continu-
ous Moho between the Tyrrhenian and Adriatic seas.

DEDUCTIONS

All this is evidence of stress status and direction
mutually consistent among different data and methods. It
is possible to pass step by step – examining progressively
deeper clues – from the surface clue of a collapsing nar-
row belt along the Apennines bounded by two lines of
more frequent VII MCS degree occurrence – supported by
surface seismogeodetic observations (SALVI et alii, 1997;
BARCHI et alii, 2003; HUNSTAD et alii, 2003; they evaluate
a spreading of the belt of 2.5-5.0 mm/yr) –, to the break-
outs of wells up to 7 km deep, to the focal mechanisms of
earthquakes up to a depth of 20 km, to the lack of a man-
tle lid (MELE et alii, 1996, 1997) beneath the Apennine
crust (from a Pn, Sn, Lg analysis), to the presence of car-
bonatites that are signs of rising of hot mantle material
(LAVECCHIA & STOPPA, 1996; BELL & TILTON, 2002;
LAVECCHIA et alii, 2002) under the crust in a tensional
stress tectonic environment, to the indication of the pos-
sibility of narrow rising (fig. 6a), or upduction, of mantle
material (higher density, from body wave tomography).
All this information converges on the possibility that the
Apennines are in a state of nascent rifting. Finally, contin-
uing the analysis with the deeper regional tomography
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Fig. 6 - a) On an expanding Earth, the internal pressure and isostasy
drives the vertical rising of deep mantle material along a weakness
elongated zone. If the previously undeformed stratified media i has a
density function increasing toward Earth’s center, the rising column
in ii produces a contrast of density (represented as faced ‘–’ and ‘+’ in
ii) that the seismic tomography, represented in iii, can interpret
erroneously in a different way: a cold downgoing slab. b) The case
can occur that, for example, in the fourth strata the rising column in
ii, because of a difference in decompression or depletion of fluids,
reaches a state in which the resulting elastic parameters produce a
null contrast of velocity (represented as faced ‘0’ and ‘0’ in ii) and
consequently the slab-like continuity appears broken in the tomogra-
phy represented in iii. Such a situation can be erroneously inter-
preted as a detached slab which is dropping toward the deep mantle.
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Fig. 7 - (a) Geologic and tec-
tonic sketch of the Mediter-
ranean region. The important
faults, basins and mountain
belts of the Mediterranean
region are drawn to serve as a
reference frame for this paper.
The more important tectonic
structures are the two young
arcs, – Calabrian and Aegean –
characterized by a frequent
shallow, intermediate and
deep (up to 400-500km) seis-
micity. Spreading is in SE and
SW directions respectively.
The North Anatolian fault,
allows the Anatolian Peninsula
to move westward: the Jordan
system of transform faults
allows a southward drift of the
Levantine region: the Azores-
Gibraltar strike-slip indicates
a westward drift of the African
plate: and finally a plethora of
minor fault structures still
awaiting a definite geody-
namic interpretation, like the
grabens in the Sicily channel,
the Malta extensional scarp,
the transform of Kephalonia
and so on. Significant conti-
nental extensional regions are
represented by the rift system
of the Rhine Graben, Bresse
Graben, and some other
grabens on the Iberian Penin-
sula. (b) Cenozoic volcanics
and (c) Mesozoic Ophiolites.
The data are taken from a fig-
ure in SCALERA (1977) (based
on the CNR Map of Kinematic
Structural Model of Italy; BIGI
et alii, 1991), from the maps in
SMITH & WOODCOCK (1982),
and from SERRI et alii (2001).
The pattern of the Dinaric and
Anatolian ophiolites can be
connected in large arched lin-
eaments – see the green
dashed lines in c) – tracking
possible spreading phases. The
problem is open if these large
lineaments are indicative of a
succession of phases of the
tectonic activity, and if a time
relation exists between the
phases of the Dinarides-Hel-
lenides-Anatolian and the west
Mediterranean ones.



under all the Mediterranean and bordering zones (PIRO-
MALLO & MORELLI, 2003), a wide zone of higher velocity
(extending from 37°N to 50°N and from longitude 5°W to
45°E, with an extension nearly coincident with the 3·106

km2 area of the Mediterranean basin) is present under the
north of the basin and Adria Peninsula starting at the
deep of 450 km and well defined up to 650 km – practi-
cally all the transition zone (fig. 4, fig. 5). Albeit different
ad hoc interpretations are possible (PIROMALLO & FAC-
CENNA, 2004) – but always with cold descending materials
– this is a confirmation of a first indication of an upward
rising of the mantle discontinuities already found by
BERRY & KNOPOFF (1967), PANZA & SCALERA (1978),
SCALERA et alii (1981a, b) using the dispersion of the seis-
mic surface waves. Also this can be interpreted as a rising
of the discontinuities as cause/consequence of a Mediter-
ranean opening already proposed for geological reasons
by GLANGEAUD (1957) and CHUDINOV (1980). In my opin-
ion the higher velocity zones are the images of what is
actually acting in building up the tectono-orogenic phe-
nomena we observe on the surface (fig. 7a). Adopting the
same horizontal and vertical scale, the comparison of
seismic tomographies (CIMINI & GORI, 2001; CIMINI &
MARCHETTI, 2005) with the interpreted CROP profiles
(fig. 8) reveals a location and angle of the elongated high
velocity body that are incompatible with the alleged sub-
duction. In fig. 8 a proposal is traced (see the parallel
arrows growing in length eastward) for the uprising man-
tle material movement, which is envisaged as more
actively rising near the boundary of the Adriatic lithos-
phere, causing probable deep erosion and vertical trans-
port of lithospheric fragments.

The geomorphologic study of SALLUSTRI GALLI et alii
(2002) – based on earlier ideas of MAZZANTI & TREVISAN

(1978) – shows that the hydrographical divide along the
Apennines has the tendency to be displaced westward
with respect to the maximum altitude mountains. This is
valid especially for the central-northern sector of the belt.
The interpretation of this fact is that the maximum height
of the Apennine belt is in a state of dynamic displacement
towards the Adriatic. This interpretation is coherent with
other clues of active tectonic transport (SCALERA, 1997),
but it has problems with the proposed mechanism of roll-
back of the subducting lithosphere. Indeed, we should
expect that the active roll-back front will create an
advancing depression on the front of the Apennines. In
this case an interpretation of the tectonic transport that
does not resort to subduction and to its roll-back is desir-
able. The framework presented in fig. 8 can constitute a
plausible mechanism – liable to be put in better accord
with the geological evidence – to explain the observed
geomorphologic and dynamical state of the Apenninic
belt. An additional reason for this preliminary framework
(fig. 8) is the presence of a long alignment (fig. 2d) of
large positive magnetic anomalies in the map of total
intensity (CARATORI TONTINI et alii, 2004) from Ancona to
Calabria (similar result, although higher frequencies are
shown, in the map of CHIAPPINI et alii, 2000), which
seems located at the western boundary of the Adriatic
lithosphere, where phenomena of extrusion of the mag-
netic basement are possible (SPERANZA & CHIAPPINI,
2002). In their paper, SPERANZA & CHIAPPINI (2002) try to
put in agreement the observed magnetic field section
along the CROP 03 profile and the computed field. This
requires the need for fragments of high magnetic suscep-

tibility materials – possibly volcanics – intruding in the
crust. This possible uplift of the basement and intrusion
of volcanics is in agreement with the idea expressed in
this paper. Moreover, if these uneven basement surface is
considered a clue of a similar uneven Moho surface, the
low propagation velocity of Pn and Sn under the Apen-
nine (MELE et alii, 1996, 1997) could be accounted for.

ADDITIONAL  CLUES  FROM  VOLCANISM
AND  ASSOCIATED  PHENOMENA

OPHIOLITES

The pattern of Cenozoic volcanics and Mesozoic ophi-
olites (fig. 7bc) reveals a greater volcanic and tectonic
activity on the central and eastern part of the region. The
continental volcanics follows the orogenic regions (fig.

A NEW INTERPRETATION OF THE MEDITERRANEAN ARCS 137

Fig. 8 - Comparison between the CROP 03 profile interpretation
(SCROCCA et alii, 2003) and the body-wave seismic tomography of
the northern Apennines (CIMINI & GORI, 2001). The two methodolo-
gies are applied along geographical profiles nearly coincident, and
then they are directly comparable. The CROP profile and the tomo-
graphic section are superimposed adopting the same horizontal and
vertical scale. The deep seismic prospection resolves the difference
between Tyrrhenian realm and the thicker Adriatic crust. The faulting
– mainly normal faulting – of the Italian Apenninic crust from the
Tyrrhenian to the Adriatic is also recognizable in the CROP section.
The elongated high velocity body presents an angle of dip not easily
compatible with a subduction process.



7b), but without a strong regular distribution. Ophiolites
are distributed on recognizable arched lineaments (green
dotted lines) that run from the Dinarides-Hellenides to
the Aegean arc and the Anatolian orogen (fig. 7c).

The continuity of these great arcs favours a unitary
process that links the current opening of the Aegean
backarc basin to the past and present tectonic activity of
the adjacent orogenic zones (Hellenides, Dinarides, Ana-
tolic). It also favours succession of tectonic activity
phases of which the actual external Aegean trench and
the adjacent “Mediterranean ridge” are the present
expression. The same continuity is in strong conflict
with the interpretations of the ophiolitic belts as rem-
nants of large oceans that closed completely, simply
because the Aegean backarc basin is in a clear tensional
stress state. All of this regular distribution is at odds
with the alleged cause of the westward drift of Anatolia,
namely the collision of the Arabian peninsula against
Eurasia.

MAGMA GEOCHEMISTRY AND PATTERN IN THE SOUTH

TYRRHENIAN BASIN AND SURROUNDING REGIONS

Further elements for reflection come from the geo-
chemistry of the Tyrrhenian and peri-Tyrrhenian magma-
tism. These are parts of a continental and oceanic type
volcanism from the Mesozoic to the Recent, having larger
expression in the Dinarides, Hellenides, Balkans and on
the Anatolian orogen (fig. 7bc). The series of South
Tyrrhenian islands Alicudi, Filicudi, Salina, Panarea,
Stromboli, are only the emerged portions of a longer
series that continues with the submerged Lametini, Alcy-
one, Palinuro. All these units, and others, are charac-
terised by basaltic magmas similar to those of island arcs
(IAB), like the Japanese ones. While one should expect a
uniformity in the emission products, the panorama is
instead very complex in various aspects (fig. 9), coexisting
in the same restricted region IAB, OIB (ocean island
basalt), MORB (mid oceanic ridge basalt) (SERRI, 1997;
SERRI et alii, 2001; among others).

The first contradictory aspect is geometry. The vol-
canic centres in the South Tyrrhenian sea (the IAB-like
ones) are not simply an arc but constitute a nearly com-
plete circle (fig. 9), and this leads to the paradox of too
many different subduction directions. A circular zone of
subduction is impossible.

The second contradiction is the heterogeneity of the
magma chemistry around the Tyrrhenian region (fig. 9).
Some important examples are the contiguity of Ustica
Island, having OIB character, to the west side of the circle
of IAB sources, and to the east side of the Anchise sub-
merged volcanic unity, having IAB character. Many other
heterogeneous sources are located more northerly in the
middle of the basin and over the dry land. Indeed the
Salina, Lipari, Vulcano IAB islands lineament continues
with the Etna Sicilian volcano having OIB caracter.

Earlier, CRISCI et alii (1991) and ESPERANZA et alii
(1992) suggested the possibility that the geochemical
characteristics of the rocks of Lipari and of other nearby
volcanic centres should not be ascribed to the IAB group
(subduction-linked), but more likely to the ascent of
asthenospheric material and consequent consumption
and mixing of the lithosphere and ascending materials in
a regime of rising of the 1000°C isotherm up to the Moho
level in a few million years.

More recent analysis of the same regional magmatism
(BELL et alii, 2005; BELL et alii, this issue) reaches a sub-
stantially similar conclusion: the IAB, OIB, MORB
nomenclature is abandoned in favour of a deep mantle
isotope taxonomy, which links the source of the igneous
rocks to a plume. Also in this case subduction is not a
required condition.

The presence of carbonatites makes the panorama
still more complex. These volcanic products, typical of
the African rift, have been found in Central Italy and in
Southern Italy (Vulture volcanics). Perhaps more of these
rocks should be sought in Sicily, following the recent
findings in the Morocco Rif, south of Gibraltar (MOUR-
TADA et alii, 1997).

More generally, a problem exists today in explaining
all the European intraplate volcanism in a consistent
frame (MACERA et alii, 2003). The problem is to explain,
the ocean island basalt without recycling subducted
products, but simply by a specific mantle source. The
concept of a plume source both for intraplate continen-
tal volcanics and for OIBs is today acceptable, but some
interpretative difficulties remain. The main one is the
need to have a rupture of the postulated down-going
slab to allow plume material to reach the surface pass-
ing through the subducted slab gap (MACERA et alii,
2003). This is further evidence that the postulated rising
hot material could be a wrong interpretation. In other
words, it may be that there is no need to hypothesize the
upflow of mantle through a gap in a subducted slab. The
volcanic products could be the final decompression and
differentiation process of an otherwise denser rising
mantle material with characteristics closer to the conti-
nental geochemical signatures. All this can be put in
analogy – at a smaller scale – with recent results of vol-
canic tomographies in which the expected warm zone of
the magma chamber was not generally revealed, and
instead a rising of the discontinuities intrudes under the
volcanic cone (ZOLLO et alii, 1996; DE NATALE et alii,
2004; among others).

HELIUM ISOTOPES AND OTHER CLUES

Recent analysis and discussions of the terrestrial gas
emissions (ALLEGRE et alii, 1983; SANO et alii, 1989;
INGUAGGIATO & PECORAINO, 2000; among others) relates
the presence of an anomalously high value of the ratios
3He/4He to a deep source of magma, possibly coming
from more or less undepleted mantle sources in which
primordial Helium was trapped. In southern Italy the
values of the ratios 3He/4He is particularly high on the
Eolian volcanic arc, decreasing according to a rough
exponential law as the distance increases from the
Tyrrhenian centre toward the forearc region. Uranium
and Thorium radioactive decay is the commonly
accepted cause of low ratios in the forearc regions (fig.
9). Other gas emanations like CO2 on continental sites
are suggestive of strong crust-lithosphere disturbance
(DOGLIONI et alii, 1987). Vigorous emanations of CO2 –
so high to be observed by inhabitants – are associated
with a shallow seismicity zone in the Irpinia region (site
of the 1980 Irpinia earthquake, M=5.6, and site of the
lower mean recurrence time for events exceeding VIII
MCS, T= 20.0yr ± 12.0yr; BASILI et alii, 1990). In the
same region, in its eastern part, the Mt. Vulture volcano
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is a source of an anomalously high value of 3He/4He
ratios. See in fig. 9 the sites (green circles) and values of
the ratios reported in SANO et alii (1989) and INGUAG-
GIATO & PECORAINO (2000).

The CO2 gaseous emanations of mantle origin in
spring waters have been investigated by CHIODINI et alii
(2004) and a map has been compiled for Central-South-
ern Italy (see the pink area in fig. 9). Although the
mapped area does not cover Calabria and Sicily, where
indications also exists of strong emission of CO2, a link
has been established between gas emission and release of
seismic energy, whose epicentres are located on the
boundary between high and low gas emanations (CHIO-
DINI et alii, 2004). Geometrically and tectonically, these
results give support to the analysis of SCALERA (1997)
about the relation among seismic energy and volcanic
rock emplacement in Italy (see fig. 2, and a discussion in
another section of the present paper).

All this is symptomatic of a motion of materials
from the depth toward the surface in an opposite direc-
tion with respect to the alleged downward transport due
to ‘subduction’. The clue is in favour of an open ‘chan-
nel’ of communication – maintained active by a ten-
sional stress – between underlithospheric materials and
surface, all along the Wadati-Benioff zone. A tensional
state of the crust has been already evidenced by seismic
profiles all along the northern margin of Sicily (PEPE et
alii, 2000). The total panorama is then very different
from that expected for a compressional closing oceanic
basin.

HYDROTHERMAL RESOURCES

Other indications of a non compressive state of the
Mediterranean come from global hydrothermal manifes-
tations. In a recent map of the world geothermal
resources (SOMMARUGA & ZAN, 1995) it is shown that the
same kind of aquifers and hydrothermalism which are
present on the African rift and Red sea coasts, are also
present on the Anatolian Peninsula, Tyrrhenian Apen-
nines, south of Sardinia, the Atlas Mountains, and Betic
belt. The pattern suggests a single extensional belt, but
our ignorance of hydrothermal vents on the bottom of the
Mediterranean should be borne in mind.

It is surprising that the same hydrothermalism is pre-
sent also in Asia, from Anatolia-Zagros to Pakistan, and
that it covers the Tibet uplands.

HIGH PRESSURE METAMORPHISM?

High pressure metamorphic (HPM) facies in some
orogenic belts are considered the primary evidence in
favour of a recycling of continental crust, which is inter-
preted as subducted up to 100-200 km and then exhumed
after thermal and high pressure methamorphism (ERNST,
1999). This ‘two-way street’ is not free of complications
because in this case, the subducted crust is not oceanic
basaltic crust, but continental sialic crust. ERNST (1999)
tries to overcome these difficulties by proposing that only
small fragments of peninsulas or islands are carried down
as these can overcome the buoyancy force. RANALLI
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Fig. 9 - The magma types of the southern Tyrrhenian Sea. Green circles represent 3He/4He ratios (R/Ratm) from different authors. The pink
area is the maximum in the map of the deep CO2 emission of Central-Southern Italy (CHIODINI et alii, 2004). All these products indicate a
transport of materials from deep Earth’s interior toward the surface. See the text for the discussion.



(2000), tries to resolve the problems of the HPM by
proposing the delamination of the continental crust from
the lithosphere and evaluating the possibility of a plung-
ing of more than 150 km of the continental crust. But
continent subduction is not supported by the existence
today of well expressed continental subduction zones.
The India-Asia ‘collision’ zone does not present a plung-
ing Wadati-Benioff seismofocal region. All the other
alleged continental subduction zone are not active today.

The actual absence of the ‘two-way street’ favours
alternative hypotheses. If sialic material cannot go down,
it must come from the deep interior of the Earth. The
hypothesis of a more sialic mantle has been proposed by
SANCHEZ-CHELA (2000, 2003), and the creation of
granitic upwelling is explained by the production of gran-
ite under the crust by episodic gradual transformation of
‘densialite’ – a denser sialic upper mantle – in granitic
compounds. Another possibility is that the denser sialic
material (perovskite, coesite…) come from below the
transition zone – from a lower mantle richer in silicate.
The depletion in siderophile heavy elements of the lower
mantle – due to ongoing differentiation and migration of
iron toward the core –, and a ‘channel of communication’
between mantle and surface maintained by a tensional
stress status along the Wadati-Benioff zones, could be an
explanation of the surface observations.

OTHER CLUES OF UPWARD ENERGY TRANSPORT

It is already well know that a relation exists between
deep and shallow seismicity all along the Pacific arcs
(MOGI, 1973; BLOT & CHOI, 2004). Mogi emphasized that
a number of large shallow seismic events were preceded
by a group of less shallow and deep earthquakes located
on the Wadati-Benioff zone following a direction close to
perpendicular to the arc.

Recently, thanks to the assembling of high-sensitivity
seismic networks, it has been possible to detect, under
some Pacific arcs, the occurrence of long-period seismic
tremors (OBARA, 2002). Such tremors last from minutes
to days and have been located under the Moho. An anal-
ogy can be seen between these seismic tremors and the
volcanic tremors that are correlated to movements of flu-
ids. The same phenomenon has been detected beneath
the San Andres Fault (NADEAU & DOLENC, 2005) and a
correlation has been suggested with shallow seismicity.
The current interpretation of these tremors is linked to
the presence and circulation of deep fluids. Also slow
propagating changes of phase of the subducting slab
have been invoked as a tremor source. These ways of rea-
soning have been biased by the subduction concept, but
the possibility of interpreting the phenomena exists as
changes of phase or movements of fluids in an environ-
ment of rising mantle material, which can favour the
fluid movement.

The concept of a quantifiable upward energy trans-
port used in forecasting volcanic and seismic events has
been advocated by BLOT (1964, 1965 and many subse-
quent papers) and GROVER (1998), and more recently pre-
sented again on the occasion of the great Sumatra earth-
quake of December 2004 (BLOT & CHOI, 2004). Although
negative lessons in the field of disaster forecasting require
great caution, the argument and the forecast cases pre-
sented by BLOT & CHOI deserve to be studied in depth. At
the moment the theory of Blot constitutes a clue in favour
of movements toward the crust of deeper energy of the
Earth.

All this means that the direction of the main transport
of mass and of different forms of energy (seismic, geo-
chemical, volcanic, hydrothermal, …) is from below
toward the surface with different prevalence of one form
over the others, depending from the depth, pressure, tem-
perature, all quantities linked to the decompression state
of the rising material.

AN  IMPORTANT  CLUE  FROM  THE  POLHODY

THE EARTH AXIS DISPLACEMENT DURING THE GREAT

SUMATRA EARTHQUAKE

A displacement of near 1.0 marcs (nearly 3.0 cm)
toward a region farther from the epicentre of the instanta-
neous rotation axis of the Earth was recorded in the
polhody path – nearly coseismically – during the Sumatra
earthquake (Lat=3.3°N, Lon=95.8°E, H=10 km, TU=26
December 2004-00h 58m, M=9.0). The displacement of the
centre of mass of the Earth was instead undetected and
then probably very small and below the threshold of
instrumental detectability. The displacement was observed
by Giuseppe Bianco at the ASI (Italian Space Agency) of
Matera SLR Observatory, but still no interpretation of this
data has been provided. It is the first time that this kind of
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Fig. 10 - In this simplified two-dimensional graphic analysis the
effect of an expanding lower mantle on the upper mantle is depicted.
All the different dotted rectangles have the same area in a), b) and c).
If a portion of lower-mantle material A represented in a), rises to
occupy an equal volume in the zone between 410 and 650 km in b),
then an equal volume of upper upper-mantle B should be accommo-
dated under the lithosphere. The result is a stretching and final
opening of the lithosphere, making room for a nascent ocean. The
situation described is similar to the real observed pattern of the
mantle materials under the Mediterranean area. The distribution of
high-velocity zones and their dimensions are compatible with the
actual opening of the basin.



displacement has been observed with certainty thanks to
new high-precision astrogeodetic technologies.

I try to obtain general information on the geodynam-
ics of the Earth following a line of reasoning already
developed in preceding papers (SCALERA, 1999, 2001,
2002, 2003, 2005a). In the case a neat protrusion, or
extrusion, of mass has occurred during the Sumatra
earthquake, whose epicentre is located nearly 3.5 geo-
graphical degrees north of the equator, the inertia axis of
the planet must be displaced far from the extrusion zone.
Immediately the mean rotation pole has to recover its
position moving in the same direction. Because the rota-
tion axis does not move with respect to the celestial refer-
ence frame, it is better to say that the whole Earth’s body
rotates until the new inertia axis comes again into exact
coincidence with the mean rotation pole. The opposite
must occur if an underthrust, or subduction, of mass
occurs north of the equator. Then the observed direction
and verse of the impulsive axis movement – if confirmed
and if my interpretation is right – give support to the
hypothesis of a prevailing upward movement of mass
along and near the Wadati-Benioff zone. In the Appendix
to this paper simple quantitative considerations are pre-
sented, and a more complete report can be read in
SCALERA (2005c).

More generally, the integrated effect of all the earth-
quakes has been found (SPADA, 1997) – on the basis of the
underthrust character of most earthquakes assumed by
DAHLEN (1971, 1973) – to nudge the secular polar motion
toward an azimuthal direction nearly opposite the secular
observed one. Then a possible role of earthquakes in dri-
ving the secular polar motion was excluded. On the basis
of the Sumatra earthquake effect on the rotation pole,
most focal mechanisms (and in particular the Sumatra
event fault solution) having the possibility of being inter-
preted as extrusion of material instead of subduction, the
integrated effect of the global seismicity would be in the
opposite direction of that found by SPADA (1997), and in
the right direction and sense to be a legitimate cause
(among others) of the polar motion and Chandler Wobble
excitation.

These considerations do not favour the plate tectonics
and subduction concept, but they give support to a num-
ber of other global tectonic hypotheses that can work
without subduction, and an expanding Earth (SCALERA &
JACOB, 2003) is enclosed in the set. The Matera Observa-
tory SLR observations on the polar motion are also in
support of a geodynamics of the Wadati-Benioff zone simi-
lar to the interpretation of SCALERA (2004a, 2004b,
2005b, and this paper), in which an upduction of mantle
material is responsible for the tectonic phenomena on the
trench, arc and backarc zones. A confirmation of these
considerations will come by repeated observations on
future large earthquakes. My personal opinion is that
besides the statement that earthquakes make Earth
rounder, it should be added that great earthquakes make
Earth larger.

FURTHER  CONSIDERATIONS
AND  A  QUANTITATIVE  BALANCE

This mechanism of uprising can explain both the
elongated and slab-like tomography-revealed structures,
and the frequently found vertical interruption of their

continuity that have often led to the interpretation of a
tearing off and dropping down of the lower part of the
slab (see a version of these ideas on a Mediterranean
scale in PIROMALLO & FACCENNA, 2004). Indeed, depend-
ing on the state of the temperature and decompression of
the rising materials, it can happen that the same refrac-
tive and elastic parameters of the undisturbed surround-
ing mantle could be reached in some depth of the slab-
like region (fig. 6b) resulting in an absence of contrast in
the tomography and in a consequent false interpretation
of a breach in the subducting slab.

Quantitatively the opening of the entire Mediter-
ranean basin needs an emplacement of a volume of a
new lithospheric material like a volume of a geometric
ideal solid with a base of 3·106 km2 (the area of the
basin) and height of approximately 100 km (the thick-
ness of the continental lithosphere), namely a volume of
3·108 km3. This volume is less than the amount of the
anomalous high velocity transition zone volume of 6·108

km3 (A = 3·106 km2 × h = 200 km), and then is compati-
ble with this mantellic source of uplifted material (fig.
10). This uplift and emplacement of new mantellic mate-
rial is in turn compatible with the uprising of mantle
discontinuities already revealed by many authors
(BERRY & KNOPOFF, 1967; SCALERA et alii, 1981a, b;
PANZA et alii, 2003).

The progressive displacement of the arc-trench zone
with the opening of the back arc basin could be inter-
preted as the progressive emplacement of new differenti-
ated materials, mostly basaltic but with relics of undiffer-
entiated mantle materials, fragments of granites (wide
sense). Some cyclic nature in the upwelling and disten-
sional process could lead to the abandonment of old
regions of uprising (along the Wadati-Benioff zone, as
historically envisaged by HILGENBERG in 1974) and the
activation of a near new parallel region (see the model in
SCALERA, 1998). The progress of the process can lead to
the final emplacement of a mid oceanic ridge.

The topography of the Mediterranean region, with
chains of islands (Balearic, Sardinia-Corsica block,
Aegean arc islands) and peninsulas (Adria, Hellenic), can
be considered typical of this still today immature stage of
opening of an ocean basin. The fragments could be
regarded as constituting that series of terrains that, par-
tially reworked and dismembered, will be incorporated in
the oceanic floor. They are found today as pieces of conti-
nental crust, eventually near the mid-oceanic ridges (see
global map in WEZEL, 1986). They present great problems
for plate tectonics or fixism (permanentism). The little
islands located near the centre of the basin, can be trans-
ported very far from their position by a new expanding
central ridge that is being born, but – at the same time –
remaining very near to the spreading ridge because of an
instable position of the ridge’s axis.

SEARCHING  FOR  AN  EXPANDING  LINEAMENT
BETWEEN  EURASIAN  AND  AFRICAN  PLATES

All this means that a continuous belt of tensional
stress should pass from side to side across the Mediter-
ranean, constituting the connection between the Indian
triple point and the Azores triple point. I try to identify
the line of this connection admitting that the clues are
still insufficient to draw a definite conclusion. While a
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conclusion is easier near the Gibraltar and Sinai zone, it
is more difficult to reach in the central Mediterranean.

The Red Sea expanding ridge is the prolongation of
the Central Indian Ocean Ridge and of the Carlsberg
Ridge behind the short interruption on the Owen Frac-
ture Zone (OWEN, 1983). Another interruption of the con-
tinuity of the expanding ridge is at the southern tip of
Arabia between Aden and Jibuti in a zone in which the
influence of the African rift is important and a new triple
point is nascent. The expanding ridge ends south of Sinai,
and no trace of a prolongation of it is evident towards the
Mediterranean seafloor. In searching for this boundary, a
global clue is the prolongations of the active orogens (e.g.
Alaskan, North American Cordillera, Basin and Range)
into oceanic spreading ridges (Gorda, Jean de Fuca, Gulf
of California, East Pacific Ridge). Then a reasonable
method could be to follow the major faults and seismicity
zones. The transtensional lineament (fig. 7a) of the Jor-
dan-Dead Sea faults system – with its strike-slip left-hand
focal mechanisms (fig. 3d) – can be regarded as a conti-
nental analogy of the oceanic fracture zones. On this
‘fracture zone’ the NE-SW motion of the African plate can
be accommodated.

The seismicity and the spreading of the Anatolian
orogens together with the left-hand strike-slip mecha-
nisms on the Northern Anatolian faults (fig. 3d; fig. 7a)
can constitute the prolongation of the searched boundary
of the enlarging African plate. The spreading of the
Aegean back arc basin continues the prolongation
towards west of the expanding African boundary (a
hypothesis should be made of a prevailing of spreading
on the compression along arc-trench lineament). More to
the west, the Kefalonia fault – a dextral strike fracture –
can be considered analogous to the above said Jordan-
Dead Sea transtensional region, and having the same role
in this discussion.

At this point the connection of the Aegean spreading
and Kefalonia strike slip movements to the South Apen-
nines and Calabrian seismicity is unclear. The NW-SE
spreading of the Tyrrhenian arc, and the NE-SW spread-
ing of the Aegean arc are virtually in contact (RESTON et
alii, 2002) and the absence of a narrow and well defined
interposed seismic zone could also mean a diffused Ion-
ian ongoing deformation, whose dissipation can happen
in a form of low or silent seismicity especially on the
alleged accretionary prisms. Extensional strain has been
detected by geodetic methods (GPS analysis) across the
Messina Strait (D’AGOSTINO & SELVAGGI, 2004), and a
rifted margin is present along the northern Sicilian mar-
gin (PEPE et alii, 2000), detected by high resolution seis-
mic transect. All the orogens from the Peloritani moun-
tains (Northern Sicily) to Atlas and to Rif can
accommodate the prevalent westward component of the
North Africa drift (see also HENDERSON, 2001). The
Azores-Gibraltar fracture zone completes the connection.

There is the possibility that this last segment of the
individuated triple-point to triple-point connection could
have migrated through geologic time, passing from the
aborted rift of the Bay of Biscay toward the actual position.
This migration should be regarded as having had a part in
the Balearic Islands and Sardinia-Corsica rotations.

Speculating on the geologic future, I should expect
that orogenic structures will evolve, and from the trench-
arcs-backarc zones a mid-Mediterranean spreading ridge
could be born.

CONCLUSIONS

Owing to the strong similarity in some Mediterranean
tectonic situations – arcs, trenches, Wadati-Benioff zones,
volcanic and seismic activities – to the East Asia ones,
which are commonly interpreted as produced by plate
convergence, many clues are provided that are at variance
with the hypothesized Africa-Eurasia convergence. As a
matter of fact, evidence for rifting prevail over those for
compression and, moreover, many tectonic situations
previously interpreted as due to plate convergence, are
associated with rifting clues. This leads to the interpreta-
tion of the present-day Mediterranean as a phase – per-
haps the last – in the slow opening of a nascent ocean.
The slowness is due to its antipodal position with respect
to the region of maximum sea-floor expansion rate –
namely the Nazca triple point zone. The proposal is put
forward – mostly based on regional seismic tomography
evidence – that an extrusion – or upduction – toward the
surface of mantle material wedges coming from a wide-
spread high velocity anomaly trapped in the transition
zone could be a new working hypothesis. This new inter-
pretation of the high velocity bodies revealed along the
Mediterranean Wadati-Benioff zones deserves to be better
developed and generalized to circum-Pacific arc-trench
zones (CHOI, 2003) in order to explain all the global and
regional scale observations (FUKAO et alii, 2001; ROMANO-
WICZ, 2003) as due to a prevailing tensional regime.

If the Earth is expanding, variable radius paleogeog-
raphy can show that the Mediterranean region has
always had a narrow latitudinal extension (fig. 1). Then it
is possible, in the expanding Earth framework, to inter-
pret the Paleo Tethys also and the Neo Tethys ‘closure’ as
Mediterranean phases of opening. These distensional
phases have added to the Proterozoic nuclei the Variscan
and Alpine terranes respectively. During the paleogeo-
graphical evolution of the last phase – the opening
Mediterranean basin from Early Cretaceous to Recent
(fig. 11) – the drifting of a number of little fragments
(Balearic archipelago, Sardinia, Corsica, Sicily, North
and South Calabria) was accompanied and favoured by
the growing Africa-Europe distance. All these phases –
from Proterozoic to Recent – and their orogens have to
be considered as extensional phases (OLLIER, 2002,
2003). In this sense, considering the process of throbbing
opening as having Proterozoic origin, it is possible to
speak of the Mediterranean as a slowly nascent ocean,
but paradoxically of a very old ocean.

In the course of this work many phenomena have
been examined and a unity among them has been found.
I have found the necessity to link volcanic to seismic phe-
nomena, as well as these latter two processes to a more
general rising of mantle material, which is tomographi-
cally observable as more or less vertical higher velocity
bodies in association with orogenic belts. Emplacements
of trench-arc-backarc zones and of mid-oceanic ridges
have been envisaged as different phases of the same dis-
tensional process. The succession of opening and closing
of two or three Tethyses and the final opening of the
Mediterranean have likewise been unified. It should be
also remembered that in this framework Polar Motion
and True Polar Wander find a common origin in the max-
imum spreading rate – extrusion of mantle material – at
the Nazca triple point (SCALERA, 2002, 2003) and that
also the earthquakes on ‘subduction’ zones (from the
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Fig. 11 - This cartoon represents the palaeogeographic evolution of the Mediterranean basin. a) The Early Cretaceous reconstruction (very
similar to the Triassic one in SCALERA 2003): North African margin is in contact with all the fragments of the Eurasia-Africa today displaced
in the centre of the basin. Sicily is placed NW of Calabria. This reconstruction does not exclude the possibility of movements and existence of
shallow and narrow sea basins in Eurasia, as shown by the Alpine orogen and Carpathian arc. Also very probable is the partial existence at
this time of the Black Sea basin, bounded on the south by a narrower Anatolian region, which has been enlarged by the evolution and
spreading of the Anatolian orogen. b) In this intermediate time of Eocene the two fragments of Sicily and Calabria are reaching their modern
mutual positions after the transtensional shift of Sicily along all the Adriatic and Apulian plate margin. Only the North Tyrrhenian basin
is open at this stage. c) The Recent. The Messinian to Recent conversion of the motion of the African plate in a westward slow drift has
produced a tensional state of the Apennine nascent belt and a rapid grown and spread of the orogen over the Messinian Adriatic evaporites.



polhody shift caused by the Sumatra earthquake) seems
to operate with the same mechanism.

I admit that the picture is still not complete and that
closer coherence should be found, but I am convinced
that this preliminary framework is closer to the reality
and to the unity of phenomena than the old global tecton-
ics. Then, future aims must be the progressive extension
of the analysis towards the Middle East, Asia, East Asia
and Pacific Eastern margins. The help of variable radius
paleogeography – assisted by paleopole data – will be an
indispensable ingredient.

Finally, although I hope that such disasters as the
Sumatra earthquake will never happen again, the vertical
displacement of materials advocated in this paper has
received unexpected and important support from the
direction of shift of the Earth’s rotation pole that followed
the earthquake of December 26. The rotation pole shift
direction has been a simple and perfect confutation of the
subduction concept and a danger sign for all the old
global tectonic theory.
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Some seminars have offered me further awareness for the pre-
sent paper. Worthy of mention the cycle of seminars about CROP,

TRANSALP and Italian regional tectonics held on December 3, 2004,
at the University of Padova on the occasion of the Laurea Honoris
Causa in Geology to Prof. Carlo Morelli, and the talk of Giuseppe
Bianco at the Academy of Lincei in Rome, under the auspices of the
University of Roma3, in a series of short seminars held in January 25
about the Sumatra earthquake, which was the basis of my present
interpretation of the significance of Earth’s axis shift.

APPENDIX I

A SIMPLE COMPUTATION OF EARTH’S AXIS SHIFT

In the case of a rigid Earth (SCHIAPARELLI, 1883,
1891), it is possible to prove (see explicit mathematics in
SCALERA, 2001), referring to fig. 12 and neglecting higher
order smaller terms, that when a mass m is added to
Earth mass ME in a point L of the surface at a colatitude φ
in the northern hemisphere (with m<<ME):

(1)

In (1) the term

arises from the displacement of the centre of mass from
O to O’ and is normally neglected (SCHIAPARELLI, 1891)
because it is considered small in comparison with the
first term, if the mass transport on the Earth happens
with a roughly casual spatial distribution and with a
probability nearly equal zero to occur very near the equa-
tor. Then, the relation to compute the inertial pole dis-
placement in the rigid case is:

with

With the simple aim of checking the accord of the
magnitude orders, I assume that a parallelepiped of base
200 × 50 km (10·109 m2) and height 30 km can be represen-
tative of the volume displaced during the main earthquake
of 26 December 2004 (but the real displacements could
have occurred with lesser magnitude on a wider area). A
vertical displacement of this volume of 20 m is assumed
and a mean density of 3.0 g/cm3 is assigned to the material
contained in the volume. The extruded volume is then 20
m × 10·109 m2 = 200·109 m3 and its mass is 3·106g/m3 ×
200·109 m3 = 6.0·1017 g, which is to say 10-10 ME.

Using these values, the displacement of the inertial
axis is

PP’ = 460 × 6378·105cm × 10-10 × sin(173°) = 3.6 cm

while the term related to the displacement of the centre of
mass NP is

NP’ = 6378·105cm × 10-10 × sin(87°) = 0.06 cm

Both these values are in agreement with the observa-
tion of polar motion shift and the lack of observation of
geocentre shift respectively. An extended and more
detailed report about the geodynamic significance of the
great Sumatran earthquake has been published by
SCALERA (2005c).
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Fig. 12 - If a mass m is inserted in a point of latitude L (colatitude φ),
a displacement of the geocenter from O to O’ happens, with a dis-
placement of the principal axis of inertia from P to P’. The contribution
of NP to the total polar motion is opposite in the two hemispheres.
The scale of the equatorial radius a is enhanced with respect to the
polar radius b.
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