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OUR VIEW OF MANTLE PLUMES...

Plate motion
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MODELING MANTLE PLUME DYNAMICS
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From a collection of drawings gathered by researchers working on
a famous hotspot (University of Hawaii)
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MODELING MANTLE PLUMES IN THEIR ENVIRONMENT

Temperature (K)
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* Boussinesq approximation

» Earth-like Rayleigh number (107)

« 7 orders of lateral and radial
viscosity variations

Pseudo-plastic rheology



MODELING MANTLE PLUMES IN THEIR ENVIRONMENT

Model with plate tectonics
+ thermochemical heterogeneities

Stagnant lid model Model with plate tectonics




MODELING MANTLE PLUMES IN THEIR ENVIRONMENT
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With plate tectonics

Model Stagnant lid With plate tectonics + thermochemical heterogeneities

Lifetime

All but 2 which merge last 50% of model plumes live 10% of model plumes live
at least 235 Myr longer than 100 Myr longer than 100 Myr




Model

Stagnant lid

With plate tectonics

With plate tectonics
+ thermochemical heterogeneities

Mobility

98% of plumes move by
<1cm/yr

Average relative motion
between 2 plumes:
0.4 cm/yr

72% of plumes move by
<1cm/yr

Average relative motion
between 2 plumes:
1.4 cm/yr

50% of plumes move by
<1cm/yr

Average relative motion
between 2 plumes:
2.3 cm/yr




Model

Stagnant lid

With plate tectonics

With plate tectonics
+ thermochemical heterogeneities

Shape
(Tilt angle)

Plumes are vertical
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MODELING MANTLE PLUMES IN THEIR ENVIRONMENT

Lateral drift < 0.5 cm/yr

0.5 cm/yr < Lateral drift <1 cm/yr

] -

Upper mantle
Lower mantle C IS

1 cm/yr < Lateral drift <5 cm/yr

Lower mantle

Fixed plumes located

at saddle points
5 cm/yr < Lateral drift < 15 cm/yr

Slow entrainment
by basal mantle flow



MODELING MANTLE PLUMES IN THEIR ENVIRONMENT

Time: 50 Myr

1 cm/yr < Lateral drift <5 cm/yr
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MODELING MANTLE PLUMES IN THEIR ENVIRONMENT
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MANTLE PLUMES AND SLAB INTERACTIONS




MANTLE PLUMES AND SLAB INTERACTIONS
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MANTLE PLUMES AND SUBDUCTION INITIATION




MANTLE PLUMES AND SUBDUCTION INITIATION

- Development of multiple ridges and small
plates

. -

- Propagation of long segments of
subduction

_J = - Age progression of the “deactivation” of
: g the subductions along continental margins
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MANTLE PLUMES AND SUBDUCTION INITIATION
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MANTLE PLUMES AND SUBDUCTION INITIATION
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MANTLE PLUMES AND SUBDUCTION INITIATION
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MANTLE PLUMES AND SUBDUCTION INITIATION

. . Late Cretaceous
A poorly-consirained long and linear

subduction zone in the Southern Neotethys...

150 Ma -

Dilek and Furnes, 2019




MANTLE PLUMES AND SUBDUCTION INITIATION
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MANTLE PLUMES AND SUBDUCTION INITIATION
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MANTLE PLUMES AND SUBDUCTION INITIATION

Diachronous obduction

Indian plate acceleration (> 15 cm/yr)
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Areas of supra-subduction Zone signature

MANTLE PLUMES AND SUBDUCTION INITIATION
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CONCLUSIONS

* It may be interesting to model mantle plumes interacting within their environment in
order to compare them with / interpret surface geophysical, petrological and
seismological observations in terms of dynamics.

« Both model thermal and thermochemical plumes move relatively to each other. Their
absolute motions are controlled by tectonic and convective dynamics.

« Plume interactions with slabs may produce complex shapes and dynamics.

« Plumes interaction with the lithosphere can perturb the lithosphere’s dynamics over
large timescales and lengthscales, by inducing global plate reorganization events.



WHAT'S POSSIBLY NEXT?
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WHAT'S POSSIBLY NEXT?

potential
Scattering
(not observed)

incoming
wavefronts

wavefront

waves increasingly
delayed towards
plume centre,
causing wavefront
to curve

sloaz plot
for array west
of plume

sloaz plot
for array east
of plume

negative
backazimuth

positive
backazimuth

Stockmann et al., 2019

Time: 50.0 Myr

=
)

=]
E

N
g
x-2
o
[14]

Depth tkm)
-28e+02 0 500 1000 1500
=

BIN2 485s REFERENCE (Z)

Slowness [sec/deg]

2000 2500 3.0e+D3
| / |

Arnould et al., 2020

Plumes interacting with slabs?
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