
    
      Fig. 3. 
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        Evolution of the lunar semi-major axis over time. The Earth-Moon separation, aM, is plotted for the three studied models, taking the best-fit values of the free parameters (H, σR) as described in Fig. 2 and in the main text. Plotted on top of the evolution curves: Geological inferences of aM from cyclostratigraphy and tidal laminae data (Tables D.1 and D.2). The shaded envelope corresponds to 2σ-uncertainty in the fitted parameters of the combined model (Appendix C). In the narrow window, we zoom over the most recent 250 Myr of the evolution and make a comparison with the evolution corresponding to explicit numerical tidal modeling using paleogeographic reconstructions (Green et al. 2017) and the prediction of the numerical solution La2004 (Laskar et al. 2004). We note that the integration of aE extends to 3RE, but the y-axis is trimmed to start at 15RE for a better visualization of the geological data.

      

    

  
    
      Fig. 5. 
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        Evolution of the Earth’s length of the day with time. Similar to Fig. 3, but here for the LOD evolution associated with the three studied oceanic models. Geological data on the LOD are summarized in Tables D.1 and D.2. The minimal value reached for the LOD when the integration is terminated at 3 Earth radii is 5.25 h.

      

    

  
    
      Fig. B.1. 
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        Drifting effect of the continental cap on the oceanic response: the tidal torque of a hemispheric ocean is plotted as a function of the forcing semi-diurnal frequency for different positions of the center of the ocean. With longitudinal symmetry, the latter is defined by the latitude of the oceanic center, which evolves according to Figure 1. The drifting effect on the resonances ranges from position shifting and attenuation for small forcing frequencies to major distortion in the spectrum at larger frequencies. Extreme distortion occurs in the polar oceanic scenario: the major resonance around 11 rad/day reaches a maximum relative to other configurations and the rest of the resonances are absorbed into the background leaving a unimodal spectrum. This behavior makes it important to take into account the position of the hemispherical cap into the model (Figure 1).

      

    

  
    
      Fig. J.1. 
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        Numerical analysis on the dependence of the tidal response computation on the truncation order rmax. The response is quantified by the root mean square tidal amplitude, ζrms, (Eq. J.5) and the dissipative work, [image: equation], (Eq. J.2), and plotted for three tidal frequencies: 7.3, 11.4, and 22 rad/day that correspond to the vicinity of a tidal resonance, the peak of a resonance, and the background spectrum respectively.

      

    

  
    
      Fig. K.1. 
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        Tidal torque between the Earth and the Moon corresponding to the coupled oceanic-solid response in two configurations: a global oceanic shell of thickness H = 4000 m (shown in red), and a hemispherical ocean with the same thickness, symmetric around the equator and bounded by longitudes λ = 0 and λ = π (in blue). Energy dissipation is quantified by the linear Rayleigh drag frequency σR. The logarithm of the torque is plotted as a function of the normalized frequency ω = (Ω − norb)/Ω0, where the Earth’s spin rate varies with the tidal forcing frequency Ω = norb + σ/2 at fixed norb, and Ω0 being the present spin rate of the Earth.

      

    

  
    
      Fig. K.2. 
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        Similar to Fig.K.1, but comparing the torque of the hemispherical ocean model between a pure oceanic response, and the response of the ocean when accounting for loading and self-attraction effects arising from solid Earth deformation assuming an Andrade rheology. The procedure of this coupling for the hemispheric configuration is detailed in Appendix F. We recall that the energy tidally dissipated in the solid part is ignored in the hemispherical configuration.
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