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Mechanism: basic concept



  

Mechanism: more detailed

Ann. Rev. Earth Planet. Sci.: Matsuyama I., Nimmo F., and Mitrovica J.X. (2014)
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Mechanism: wobble

Ann. Rev. Earth Planet. Sci.: Matsuyama I., Nimmo F., and Mitrovica J.X. (2014)
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Mechanism: bulge readjustment

Ann. Rev. Earth Planet. Sci.: Matsuyama I., Nimmo F., and Mitrovica J.X. (2014)
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Mechanism: bulge readjustment

Ann. Rev. Earth Planet. Sci.: Matsuyama I., Nimmo F., and Mitrovica J.X. (2014)
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Mechanism: load → equator scenario

Ann. Rev. Earth Planet. Sci.: Matsuyama I., Nimmo F., and Mitrovica J.X. (2014)
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Mechanism: fossil (remnant) bulge

Keane and Matsuyama (2014): Evidence for lunar true polar wander and past low-eccentricity,...
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Mechanism: fossil (remnant) bulge

Keane and Matsuyama (2014): Evidence for lunar true polar wander and past low-eccentricity,...

Ann. Rev. Earth Planet. Sci.: Matsuyama I., Nimmo F., and Mitrovica J.X. (2014)



  

Mechanism: rotation vs. tides

rotational axis

rotational axis

tidal axis S

Rotation: bulge perpendicular to ω axis
Tides: bulge along the tidal axis



  

TPW: Earth vs. planets and moons

Wu and Peltier (1984):
Pleistocene deglaciation 
and the Earth's rotation: 
a new analysis



  

TPW: fine details on Earth
Matsuyama et al. (2010)

Adhikari et al. (2018, EPSL): What drives 20th century polar motion?

Recent advances:
● Earth’s (fossil) tri-axiality
● Land-ocean mass transfer
● Mantle convection as the missing source 



  

TPW: fine details on Earth

Adhikari et al. (2018, EPSL): What drives 20th century polar motion?



  

Enceladus

Tajeddine et al. (2017): True polar wander of Enceladus from topographic data



  

Enceladus

Tajeddine et al. (2017): True polar wander of Enceladus from topographic data



  

The Moon
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Pluto

Keane et al., 2016: Reorientation and faulting of Pluto 
due to volatile loading within Sputnik Planitia (Nature)

Nimmo et al., 2016: Reorientation of Sputnik Planitia 
implies a subsurface ocean on Pluto (Nature)



  

Mars

Tharsis on Mars, credit: NASA

Bouley et al. (2016, Nature): Late Tharsis formation and 
implications for early Mars 



  

Large-wavelength convection
(on exoplanets)

Image: Thibault Roger                                 Meier et al. (2021): Hemispheric tectonics



  

TPW: methods overview

Recently:



  

TPW: methods overview

Linearized Liouville Equation (LLE)

LLE + iterative transformation of coordinated

Liouville Equation (LE)

1)

2)

3)

4)

here:
2) - 4)

ωMIA z



  

TPW: bulge formation / readjustment



  

TPW: methods overview



  

TPW: methods overview

Lefftz et al. (1991)



  

Hu et al. (2017a, 2017b, 2019)

Earth Venus



  

LIOUSHELL
open access GitHub repository
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Liouville equation: conservation of angular momentum in a rotating frame

1
2

3

N deformed body
reference spheres

OR

Smooth-profiled or layered bodies
Maxwell viscoelastic rheology

Spherical harmonic decomposition



  

Slow rotating bodies: Venus



  

Slow rotating bodies: Venus

LIOUSHELL Hu et al. 2017



  

Fast rotating bodies: Earth



  

PWL approach of Hu et al.

+ Iterative transformation of coordinates:

Linearized Liouville equation: Quasi-fluid approach:



  

PWL approach of Hu et al.

Quasi-fluid approach:

Lefftz et al. (1991)

+ Iterative transformation of coordinates:

Linearized Liouville equation:



  

Quasi-fluid approximation

Traditional derivation of the full Liouville equation (LE):



  



  

Quasi-fluid approx:
WHY DOES IT 

WORK?



  

Future perspectives

◘  TPW rates can vary by orders of magnitude and should be checked



  

Summary

◘  LIOUSHELL, free license, user-interface, fast

◘  TPW rates can vary by orders of magnitude and should be checked

◘  Quasi-fluid response and quasi-fluid LE are not the same thing
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