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Abstract: Morphological evidence in active tectonic areas consisting of subcircular shapes suggests that these geometries may
originate from alternative mechanisms to those described by translational dynamics of complex faults. The mechanics behind
endogenic forces, in particular convection currents, hasn’t been completely explained. Differing in density from upward flows
developing in atmosphere and in water, magma upwelling from the mantle can trigger endogenic vortexes in particular conditions and
due to Coriolis Force. At their onset and ascent phase, vortexes apply lateral forces as result of rotation, open their way toward the
surface and over time stabilize the channel. Opposite to a rising linear flow which compacts overlying materials impeding their surge,
vortex flows unload the materials externally and compact them on the lateral surface of the channel, thus making it more regular and
stable. Torsional movements on the surface associated to vulcanites, lateral ramps and subcircular elevations, can be observed. Other
phenomena that may be consequence of vortex dynamics are the volcanic cones showing pseudo-rotations in the morphologies
surrounding the crater. In this study we suggest a modeling for a vortex theory which may explain the Earth dynamics in terms of
spiraling movement and magma upwelling stabilizing over time.
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1. Introduction continental environment and in sea and ocean floors.

. Associated with seismic activity and the presence of
In about a century, researches have laid the . ) ]
) . magmatic rocks, these particular morphologies are
foundations for the understanding of the Earth . . . . .
. . ) . ] generally evident in areas with negative magnetic
dynamics and the geological manifestations which . .
anomalies [1] and illustrate the cause and effect

relation of the internal dynamics of the Earth linked to

convective processes [2].

persistently alter the earth crust, also known as Global
Tectonics. From the Continental Drift to the Plate

Tectonics, as well as the Expanding Earth and the ) ) . .
) ) . The relationship between the convection currents in
Geotectonic modeling by Beloussov, the underlying ) .
o T ) the mantle/lithosphere system and the earth dynamics
question is about the driving force generating the crust o )
. L has been part of a long debate within tectonophysics
dynamics. In the present study, a modeling is proposed ) ) . .
] ] ) and the relationships with crust dynamics. For over a
about the Vortex Tectonics, which may be applied to . . ] . o
. . century, this topic has been discussed in the scientific
interpret complex phenomena, such as intraplate ) . . )
community within various branches of geoscience as

shown in the studies by Kreighauger (1902), Ampferer
(1906), Schwinner (1919), Holmes (1928), Griggs
1.1 Morphologies and Elevations Having Elliptical, (1932), Pekeris (1935), Kraus (1951), Hess (1962).
Spiraling and Rounded Shape Although never directly observed, the convection

seismicity and volcanism, and circular structures both

on the Oceanic floors and the Earth crust.

o ) currents in the mantle produce their effects on the
The distribution of tectonic vortexes as referred by

) ) earth’s crust in various ways, such as heat flow in the
Kober (1921) has been hypothesized both in

oceans and on the continents, and magnetic anomalies.

- ] The latter are the result of the effects caused by
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convective movements, as shown by the laboratory
simulations [3, 4].

Compared with the conceptual and streamline
modeling issued by the first authors [5] from last
century to work on them, the studies by Ref. [6], as
well as the one by Ref. [3] have highlighted a complex
three-dimensional modeling on the dynamics of the
convective processes in the mantle, although it is still
unclear to what extent this mechanism reflects the
actual reality.

The different viscosity and temperature in the inner
shells of the Earth induce the convective movements,
which may occur both on a large scale with laminar
flows and plume, and on a small scale with turbulent
flows concentrated in limited areas of the Globe. The
upward spiraling trajectories generated by complex
motions in the mantle/lithosphere system have also
been hypothesized by Ref. [7-12].

1.2 Candidate Structures as Tectonic \ortexes

In this essentially bibliographic study, with the
exception of the survey area located in Northern Italy,

zones have been investigated exhibiting evidence of
rotation, tectonic spiral and seamount vortex. All main
candidate structures as Tectonic Vortex which have
been described by several authors on a global scale, are
found in localized areas or cover a wider region, both in
continental environment and in sea and ocean floors
(Fig. 1).

We believe that vortex upwelling limited to
particular areas may have created in the past, and may
still be causing, superficial torsions and characteristic
tectonic  structures with curved and rounded
morphologies in localized points of the earth’s crust,
which can be associated locally with typical
distributions of the hypocenters of earthquakes.

The tectonic vortex and spiraling structures which
can be observed on the earth’s surface associated with
specific convective dynamics induced by the Coriolis
Force, are referred to as “Vortex Theory” in the present
study.

First considering the Mediterranean basin, the
geological structures which may be associated with

vortexes are: Sestri Spiral, Aegean Spiral [13] South

The vortex street across the Pacific Ocean basin as determined by the GEOSAT structural trends and the mid-plate earthquake epicenters.

Fig. 1 Distribution of the tectonic vortexes on the Earth. The symbol on the figure is not scaled.
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Fig. 2 Hypothesis about the trigger
endogenic vortex and the morphology of Mount Vesuvius,
Southern Italy, in an 18th century print showing a pseudo
torsion.

Adriatic Basin, Seamount, west of Portugal [14].

In the Pacific Ocean, there are: Banda Sea Tectonic
Vortex [1]. North Pacific Vortex, located in the region
of Hess
Seamount [15].

Rise/Emperor Fracture Zone/Emperor

In the continental areas: Kersihir Spiral, Spiral of the
Lut desert, Tibesti Spiral, and Arabia Spiral [16];
Pannonian Basin, Lake Victoria, Deccan Traps and
Columbia River flood basalts. The latter are oval-like,
subcircular and circular structures of about 1,000 km
diameter [17].

In Central and Western Asia, the candidate
structures as tectonic vortexes were described by Ref.
[18, 19], and other authors.

Sub vortexes have been suggested in North Pacific
Vortex, San Clemente fault zone [20], San Francisco
Bay [14].

Alignment of the Australian Antarctic Discordance
to other tectonic vortexes along the Western Pacific
Rim. A mantle vortex north of Australia, and the Lake
Baikal Continental Rift vortex in the northern
hemisphere (upwelling mantle vortex) north of
Australia with the Easter Island & Juan Fernandez twin
rotating micro-plates [21].

Like tectonic vortexes, signs of pseudo-rotations

may be found in the morphologies of volcanoes with
central cones and steep slopes in various zones of the
Earth. Mount Vesuvius, Southern Italy, is an example
in the Mediterranean basin (Fig. 2).

2. From Local to Global

Data provided by GPS [22] have allowed the
temporal estimation of the monitoring stations in the
Meditarranean basin. Kinematics analysis has shown
evidence of the virgation of the Po Valley and the
Aegean arc and both can be attributed to the middle and
late Miocene.

(1) Detections performed by GPS have shown that in
the Po Valley the movement speed is in the scale of 1-2
mm/yr while in the Aegean Arc it is 20-30 mm/yr [23].
Anderson and Jackson [24] have used the slip vectors
of focal mechanisms around an Euler pole located in
the Po Valley. The results derived from GPS data [25]
were also confirmed by Calais et al. [26]. Data reading
relative to the kinematics of the Valley connected to the
dynamics in the Adriatic microplate [27] have shown a
progressive rotation speed (Fig. 3) proceeding
eastward and ranging from 1 mm/yr (9°E) to 3 mm/yr
(15°E).

It is important to note that the gradual variation in
the direction of the structures is contemporary to their
genesis, where the main detachments seem to be placed
at the Messinian, and not due to any following rotation
phenomenon linked to transcurrent activity [24].

The main component in the crust dynamics of the Po
Valley consists of a curved upward movement, as
reported by Gobetti and Perotti [28], relative to the
increase of the crystalline basement, which is
confirmed by geophysical, seismic and magnetic
analysis. The higher zones with arc shape correspond
to areas affected by intense magmatism. In particular,
in the area of Pavia the crystalline basement presents a
marked elevation where extended Tertiary volcanic
bodies were identified and magnetic anomalies
corresponding to the extension of the vulcanites. The
absence of regional transcurrence and the presence of
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Fig. 3 Survey area with torsion in Po Valley, Northern Italy, and distribution of tectonic stress in the Aegean region. Taken

and adapted from Serpelloni et al. (2007).

lateral ramps are capable to justify a marked change in
direction caused by crustal rotation.

In the same area where crustal rotation is assumed,
three main structural arches have been recognized: the
arc of Monferrato, the arc of Emilia Romagna (very
pronounced near Pavia) and the arc of Ferrara
composed of different segments convex toward the
plains [29].

The kinematics and the tectonics of the Aegean arc
has been described by several authors [23, 30-32].

Mantovani et al. [33] have reconstructed the
kinematics and deformation pattern in the Central and
Eastern Mediterranean area using the finite element
technique and plane stress approximation in elastic
domain.

The modeling parameters have provided some
interesting information about the sensitivity of
displacement and deformation fields. Results closer to
observation were obtained with a NE (5-8 mm/a)
movement of Africa and a W (30 mm/a) movement of
Anatolia. Further tests carried out with other types of
kinematics produced some aspects of the deformation
field hardly compatible with the deformative pattern
observed in the Central Mediterranean.

According to the interpretation suggested by
Taymaz et al. [30], palacomagnetic data in this eastern
region are more ambiguous but consistent with very
small or no rotations in the northern part and possibly

anticlockwise rotations, relative to Europe, in the south.
The strike-slip faulting that enters the central Aegean
from the east appears to end abruptly in the SW against
the NW-trending normal faults of Greece.

The widespread Middle
magmatism in the Cyclades suggests that flow in the

Miocene  granitic
lower crust may have had a dominant role in
maintaining the smooth Moho [34].

The timeline for the cases considered in this study is
the Messinian and, as far as the Mediterranean basin is
concerned, also the Salinity crisis of the late Miocene
has been taken into account. The Mediterranean basin
shows complex structural and geodynamic contexts
which are difficult to connect to each other, as
confirmed in accurate seismic profiles and the analysis
of sedimentary deposits [35]. Besides candidate
Tectonic Vortexes, in the Meditarranean basin salt
domes are present, which derive from a vertical
dynamics and may as well be found in basins different
in terms of crust dynamic [36-38] and not synchronous
as to the timeline considered [39]. The presence of a
seemingly unrelated vortex tectonics, with the
exception of regional scales, suggests that a mechanism
may have operated also in the preceding eras, though
nowadays it is hardly recognizable. This is the case of
Northwestern Africa where curved structures are
observed in Burkina Faso and Mali [40], consisting of
curved elevations surrounding the sedimentary basin of
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Taoudenni and dike swarms [41] which may directly
come from the mantle by injection through the crust.
The alleged presence of magmatic dikes, detected with
the magnetometer, were also identified in Gambia [42],
Western Sahara, Mauritania and Liberia.

3. The Modeling

The magma farther from the edges of the plate
applies strong upward pressure which struggles to find
an outlet. If it finds an opening, probably narrower than
the magma mass flowing up, a slow rotation due to the
Coriolis force or other local forces will lead to the
formation of a magma vortex. Approaching the channel
of ascent, the magma generates a strong increase in the
rotation speed due to the conservation of angular
momentum, only partially reduced by the viscosity of
the magma itself.

The phenomenon is similar to air vortices, e.g.
tornadoes, or water vortices, e.g. whirlpools, but differs
primarily in that there is (a) much higher density and
viscosity, (b) much higher pressure, and (c) a
difference in viscosity with the medium that opposes
the upward movement similar to the whirlpools which
are created with an opening on the bottom of a
container, when emptying sinks and bathtubs.

The observation of such phenomena not only on the
Earth but also on Jupiter, Saturn and the Sun, confirms
the generalization of the phenomenon in conditions
with extremely varied physical parameters, and
supports the reliability of the hypothesis about their
formation during magma upwelling.

The upward flow along the channel without the
rotation of the magma would lead to a strong
compression of the overlying material until it reached
one of the following situations:

(1) the pressure of the magma leads to an
interruption of the upwelling and balance is reached;

(2) a new fragile and/or favorable zone is
approached and magma is allowed to lateral movement
and possibly a new upwelling;

(3) the surface is reached.

This would lead to a oftentimes tortuous upward
route according to local features. If this were the case,
it would be reasonable to assume a network of wells,
with irregular paths connected through chambers and
other intermediate structures. (Fig. 4)

In addition, the strong upward compression could
lead more frequently to collapses in the duct once the
magmatic pressure were to fall significantly. This
means that any further attempt to move upward may be
diverted to alternative routes, given the strong
dependence on the local features which would be
altered during the same collapses.

Whereas, the presence of a vortex in the magma
upwelling would lead to unload most of the overlying
material to be found during the rising on the external
part of the channel and to compact it along the walls of
the channel itself. (Fig. 4)

In this way, the overhead pressure would not be
increased by the magma upwelling, allowing an easier
Besides, the
gyroscopic effect would help stabilize the route by

and extended upward movement.

forming ducts along the most direct way.

If no load is accumulated above, while better
compacting the material along the channel walls and
facilitating the formation of more regular ducts, i.e.
straighter and with circular section, stabler structures
would be generated, which would also be less
subject to collapse even with dramatic reduction of the

Fig. 4 Comparing laminar flow which compacts overlying
materials, and spiraling upward vortex which unloads the
stress laterally, subsidence at the center.
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magmatic pressure. (Fig. 4)

This greater stability would allow subsequent
magma waves to flow through the same channel, thus
stabilizing it further, as long as the wave occurrence
were within reasonable time compatible with the
viscosity of the zone. This type of channel re-using is
not at all possible in air vortexes such as tornadoes, or
water vortexes such as whirlpools, because of the very
low viscosity of these means, but it is plausible in
materials which are enormously more viscous like in
the lithosphere and probably in the mantle as well—for
upward waves frequent enough which depend on the
internal dynamics of the Earth.

It seems reasonable then to hypothesize vortex
upwelling in magmatic chambers if

(1) they are larger in relation with the upwelling
channel section;

(2) they contain less viscous magma in relation to
temperature, pressure and features of magma material;

(3) they allow a faster upward movement.

Thus, the upwelling channels from these chambers
should be approximately cylindrical and vertical, quite
stable and re-used over time. On the contrary, it is
legitimate to hypothesize mainly non-spiraling
upwelling in such basins

(1) that are smaller or in assorted shapes;

(2) that contain more viscous magma;

(3) that allow upward movement faster than the
incandescent materials.

The upwelling routes covered from these chambers
should then be more varied, less direct and changing
over time.

Based on the abovementioned criteria, many
volcanoes could be characterized by magma upwelling
of the vortex type since the upward movement is quite
fast and the relationship between the magmatic
chamber and the upwelling channel section is
reasonably high.

The fact that the eruption will occur in the same spot
despite the accumulation of material which obstructs
the exit, means that the upwelling channel is quite

stable and direct, and that the eruptions do not
undermine its stability, but rather consolidate it. All
this is compatible with the mechanism of vortex
upwelling as described above.

Observing many volcanoes from above, spiraling
structures can be seen radiating from the center, which
are more than compatible with vortex upwelling and
the superficial lines of force that would derive from it.

4. Conclusions

The vortex modeling illustrated in the present study
to be
conformations and dynamics of many geological

appears a good candidate to explain

structures. In  particular, structures presenting
spiraling morphologies or lines of force with marked
torsion find in this vortex modeling a physical
mechanism able to explain how they could have
generated.

The vortex modeling is a candidate as physical
mechanism able to explain also the phenomena in
which the magmatic upwelling channel, and any
relative exit point, do not vary but remain particularly
stable and localized with recurring events over time.
Many volcanoes show both these characteristics and
are therefore especially interesting in order to confirm
or reject the modeling introduced here.

We believe that further study on the geological
structures presented in this article, and more, according
to the criteria set out in the model, could extend the
knowledge of the upward movement of the mantle
upwelling, thus confirming or rejecting the presence of
vortex motions and help highlight any difference in

dynamics at various scales of action.
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