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Françoise Chalot-Prat, our leader during the mapping week in the Ardèche, has recently been
researching lithosphere and asthenosphere interactions at ocean ridges in the framework of the
westward drift of plates, in collaboration with C. Doglioni (Italia) and T. Falloon (Australia).
They combine geophysical, structural and petrological data to support an alternative model for oceanic
plate spreading. The results of their research have been published in Lithos (Chalot-Prat et al. 2017). A
synthetic slide presentation, including figures from previous papers, is available on the website
mantleplumes.org). This fairly new model of the ‘westward drift’ as a driving force of plates intrigued
us all, and eventually we got Françoise to give us a presentation on the last afternoon of our mapping
week. So we all gathered at the bar, where Françoise gave us an off-the-cuff presentation about this
research. Here is the transcription of it:
Following Alfred Wegener’s (1915) continental drift, the theory of plate tectonics was introduced in
1968 to the scientific community and was accepted three years later. The theory was based on tectonic
lithospheric plates composed of crust and uppermost mantle, moving over or descending into the
asthenosphere or deeper.
W. J. Morgan (1971, 1972) published the following idea: mantle convection is moving the plates and
transfers matter within the mantle and, accordingly, the model of mantle plumes. It was only an idea
without any observations supporting it.
The hitch is that convection cells are symmetric and symmetry is not observed in plate tectonics. The
first to observe asymmetry was Carlo Doglioni when he was working on geophysical data around the
world. His first paper was published in 1990 (The global tectonic pattern). As the model of convection
cells does not support asymmetry, he also presented another model for plate tectonics (Doglioni 1993;
Doglioni et al. 1999, 2003, 2007).
For example, when observing a cross section through oceans framed by subduction zones like the
Pacific Ocean a number of asymmetries can be listed (Fig. 1).
Figure 1 List of asymmetries that can be observed on a cross section through oceans framed by subduction zones
similar to the Pacific Ocean.

1. The dip of the slope of the oceanic slab subducting westward is on average of 65° and eastward only
30° on average. These observations also concern subducting continental slabs in collision zones (for
example, in the Alps and in the Apennines).
2. On the western margin, there is little continental relief, whereas on the eastern margin there is a large
continental relief that can reach 6000m in altitude.
3. Back-arc basins form west to a western margin, which is rarely the case east to an eastern margin
(the Aegean Sea is an exception).
4. The subduction trench is far deeper in the west (up to 12,000m) than in the east, where it reaches
1,000m; and there is more sediment accumulation in the west.

5. The slope of the western side of an ocean ridge is always steeper than on its eastern side.
6. The fault system within the orogen on each side of the ocean is different. On the western margin, the
orogen is mainly crosscut by major west-dipping faults (simple vergence system), whereas the orogen
on the eastern margin is crosscut by a double vergence system (east-dipping faults to the west and
west-dipping faults to the west).
The cause of plate tectonics cannot be one that produces symmetrical features like convection.
Therefore Doglioni proposes another explanation: “The movement of the plates is due to the rotation of
the Earth counteracted by the rotation of the Moon.” (Doglioni 1990, 1993; Scoppola et al. 2006).
The rheology of the lithosphere differs from the uppermost part (100–230km) of the asthenosphere (Fig.
2); the lithosphere is solid and rather rigid, whereas the uppermost part of the asthenosphere has a
plastic behaviour because it is a solid with incipient melt, as we know from geophysics and
experimental lab research.
Figure 2 Rheology and thickness of the lithosphere and the asthenosphere below oceans.

The bulk of the Earth (mantle) rotates eastward (Fig. 3A). The lithosphere, which is more rigid (or
viscous), rotates at a slower speed and thus lags behind. To help to grasp this model and reason with it,
Doglioni (1993) proposed the concept of ‘westward drift of the lithosphere’; instead of speaking about
the lithosphere lagging behind the mantle, he considers the relative movement of the lithosphere to the
asthenosphere, which is a drift to the west. Besides, the lithosphere is heterogeneous, so that its whole
rigidity varies significantly from place to place. The different parts have thus different velocities and
the lithosphere fragments into different plates. When the western part of a plate drifts faster towards the
west than the eastern part, spreading occurs. If the western part of a plate drifts more slowly to the west
than the eastern part, subduction occurs (Fig. 3B). The more a plate is rigid, the more it lags and the
faster it drifts to the west.
Figure 3 A, Definition of the ‘westward drift’ model on a cross section of the Earth at the equator, view from the
North Pole; B, spreading and subduction in the westward drift model.

Now, how can previous asymmetries observed across an ocean bordered by subduction zones be
explained with this concept?
On Figure 4, the western subduction zone can now be read as a slow drifting plate (margin) followed
eastward by a quicker drifting plate (subducting slab). The asthenospheric flow pushes the slab
downward and conversely, on the eastern side of the ocean, the asthenospheric flow prevents the
plunge of the slab. The high velocity of the sub-vertical westward-subsiding oceanic plate, always
higher than the sedimentation velocity, explains the deep western trench and the great thickness of
accumulated sediments. The high relief on the eastern margin is explained by the intense shortening of
the continental lithosphere as it is blocked by the slower oceanic plate that plunges beneath it.
In continental settings, when the western continental plate drifts slower than the eastern continental
plate, similar asymmetrical features are observed: deep trenches, steep subducted slab and moderate
margin are observed.
Figure 4 The asymmetries observed in the context of the westward drift of the lithospheric plates.

In return, high margin relief and subducted slab with low slope are observed in east-dipping subduction
contexts. This process is illustrated by the following examples. In Romania, south-east of the
Carpathian Mountains (rising up to 2,600m), the Focsani Basin is the result of the north-west
subduction of a continental plate below the Carpathian plate. This subduction started 10Ma ago and
accumulated 8,000m of sediments that produced oil and gas. In Italy, the Apennines (rising up to
2,900m) are a collision zone, where the faster-drifting north-east plate subducts under the south-west
plate with a dip of 80°. In the Alps, the European plate plunges south-eastward at an angle of 30°
below the Adriatic plate, with many summits above 4,000m (rising up to 4,800m).
In addition to these observations of asymmetrical structures, geophysics show that the oceanic eastern
plate has less thickness, lower density and less rigidity than the western plate. It can be explained by
significantly different growth conditions of the western and eastern plates, inducing sensibly distinct
mantle thickness and composition from one plate to the other on each side of the ridge axis.
When considering what happens during ocean spreading within the westward drift model, the scenario
can be devised as follows (Fig. 5):

Figure 5 How to build asymmetric plates on both sides of a spreading ridge? Oceanic spreading is synchronous
with westward drift of lithosphere above asthenosphere. The half spreading rate hS on both sides of the ridge is
lower than the ridge velocity Vr. Starting with t1 being the initial situation, t2 and t3 show how in time each limb
on each side of the ridge axis acquires mantle thickness, composition and morphology sensibly different from the
other.

(a) At the spreading axis (Fig.5 t1), the asthenosphere ascends and undergoes partial melting, leading to
formation of a basaltic magma and a Fe-depleted residual mantle. The residue, less dense than its
protolith, accretes to the base of the overlying lithospheric mantle (minimum of 30km in thickness at
the ridge axis), while the pressurised magma percolates upward either very quickly to give basaltic
volcanoes on the ocean bottom, or slowly in between mantle minerals with which it reacts
(metasomatism and mantle refertilisation). So one way or another during spreading, the lithospheric
mantle thickens. This leads to the following questions: Why is there less thickening eastward of the
ridge axis? And why are mantle compositions slightly different in the western and eastern plates?
(b) As the spreading ridge migrates with the westward drift, the asthenospheric partial melting zone
below the ridge migrates with the westward drift too. The effects are necessarily different on either side
of the ridge axis. Indeed the ridge migration velocity (Vr) is always higher than the half-spreading
velocity (hS) (see equations on Fig. 5). This means that the eastern limb of the ridge axis is
progressively abandoned eastward, whereas the western limb of ridge axis stays above the melting
zone for a while, depending on the spreading rate. At t2, then t3 (Fig. 5), residues progressively
accumulate against and partly on each other at the base of the western limb, whereas residues are
scattered at the base of the eastern limb.
(c) The western limb thickens faster and more significantly than the eastern limb. In doing so, the
western mantle plate is strongly Fe-re-enriched and refertilised by metasomatism. It becomes denser
and more rigid (Fe has the highest modulus of rigidity) than the eastern plate.
(d) The eastern limb is much less metasomatised and refertilised. It is less dense than the western one,
and the isostatic compensation induces a higher uplift of the eastern limb and a slope asymmetry of
both sides of the ridge.

These are, schematically, the basic features of the alternative model for understanding the growth of an
ocean. There were many questions about this alternative model of plate tectonics, so that for further
reading Françoise forwarded us a list of papers supporting the observations on asymmetry of the Earth.
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