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Extended Data Fig. 5 | Corner plot showing the posterior distribution  
of Io’s internal structure parameters for the case with a magma ocean.  
The variables are as follows: hi are layer thicknesses, ρi are layer densities, δCnm 

are non-hydrostatic contributions to gravity coefficients Cnm, μi are shear 
moduli, ηi are viscosities and βi are the Andrade rheology parameters.  
The layers are numbered from the outermost layer inward.



Extended Data Fig. 6 | Corner plot showing the posterior distribution of 
Io’s internal structure parameters for the case without a magma ocean. The 
variables are as follows: hi are layer thicknesses, ρi are layer densities, δCnm are 

non-hydrostatic contributions to gravity coefficients Cnm, μi are shear moduli, 
ηi are viscosities and βi are the Andrade rheology parameters. The layers are 
numbered from the outermost layer inward.
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Extended Data Fig. 7 | Posterior distribution of gravitational and linear libration amplitudes for the cases with and without a magma ocean. The vertical 
axis shows the gravitational libration amplitude and the horizontal axis shows the libration amplitude (1σ, 2σ and 3σ regions are shown).



Extended Data Table 1 | Recovered Io quadrupole gravity field and the tidal Love number k2

The spherical harmonic coefficients are unnormalized and uncertainties are formal 1σ. The reference radii used in some of the earlier analyses differ from ours; thus, the quadrupole harmonic 
values in this table have all been adjusted to the same reference radius of 1,829.4 km. In our estimation, the dissipation quality factor is directly estimated Q = 11.4 ± 3.6 (1σ) and combined with  
|k2| to compute the ratio |k2|/Q = −Im(k2). Our estimated μi is 5,959.8948 ± 0.0027 km3 s−2 (1σ). The correlations between Re(k2) and permanent tide correlated J2 and C22 are 0.0291 and 0.5120, 
respectively, whereas the correlation between permanent tide correlated J2 and C22 is 0.0026.
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Extended Data Table 2 | Tabulation of model parameters for no magma ocean and magma ocean cases

See text. var, variable. Our default magma ocean thickness is 100 km.



Extended Data Table 3 | Full model input for the magma ocean case

Parameters of the prior probability distribution for the internal structure retrieval of the four-layer modelling including a magma ocean.
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Extended Data Table 4 | Full model input for the no magma ocean case

Parameters of the prior probability distribution for the internal structure retrieval of the three-layer modelling without a magma ocean.




