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Supplementary Note 1. Equation of state, density, bulk modulus and bulk velocity of sound 
of the model basaltic melt at 2200 K 

To validate the our theoretical procedure, the calculated equation of states (EOS) and density 

of the model basalt melt at 2200K are succinctly summarized and compared with previous results 

in Supplementary Figure 1.  In view of the difference in the compositions and computational 

methods the agreements are satisfactory. In particular, the densities (Supplementary Figure 1b) 

predicted here are in excellent agreement with the simulations performed by Bajgain et al. on 

molten basalt with a similar composition1.  The P-V data are fit using the 4th order Birch-

Murnaghan EOS fit. From the fit, the parameters obtained at 0 GPa are volume at ambient pressure, 

V0 = 3120.52 Å3, bulk modulus, B0 = 13.0 GPa, and pressure derivative of the bulk modulus, ܤ଴
ᇱ ൌ

3.2. The bulk velocity of sound evaluated from the EOS first increases rapidly below 20 GPa but 

then varies almost linearly with pressure at higher pressures (Supplementary Figure 1d).  

Interestingly, the predicted bulk sound velocities are very similar to the silica glass obtained from 

experiments and computer simulations (Supplementary Figure 1d).  

  



 

Supplementary Figure 1. Equation of state and mechanical properties. a) P-V curve of the 
model basaltic melt at 2200 K fit with 4th order Birch- Murnaghan EOS fit. The two different 
curves are due to two different 4th order BM EOS fits. b) Change in density of the basaltic melt at 
2200 K with pressure compared with other silicate melts1–5. c) Bulk modulus of the basaltic melt 
as a function of pressure at 2200 K. d) Pressure evolution of the velocity of sound in the basaltic 
melt at 2200 K, compared with that of silica glass6,7.  

 

Supplementary Note 2. Variation of radial distribution functions and average bond lengths  

Supplementary Figure 2a shows the radial distribution functions (RDFs) of Si-O in the 

basaltic melt as a function of pressure at 2200 K. The first peak of the pair distribution function is 

the nearest Si-O bond length. The Si-O bond length at ambient pressure is 1.62 Å and decreases to 

1.60 Å at 18 GPa and then increases gradually above 18 GPa until 50 GPa. But then once again, it 

decreases with further increase in pressure (Supplementary Figure 2b). The variation of the Al-O 



bond length follows an opposite pattern (Supplementary Figure 2c), in which the average bond 

length increases from 1.75 Å at ambient pressure to 1.77 Å at 18 GPa and then decreases with 

increase in pressure (Supplementary Figure 2d). However, the Al-O bond length does not change 

appreciably from 1.75 Å between 68 and 82 GPa.  In comparison, the Ca-O and Mg-O distances 

in the basaltic melt decrease with pressure (Supplementary Figure 3) indicating compaction of the 

Ca and Mg polyhedra. Closer examination shows that the Ca-O and Mg-O bond lengths at 

pressures above 23 GPa decrease much faster than those at low pressure. The average Ca-O 

(Supplementary Figure 3b) and Mg-O (Supplementary Figure 3d) bond lengths at ambient pressure 

are 2.29 Å and 1.95 Å, respectively, and remain relatively constant up to 23 GPa. The Mg-O bond 

length is shortened sharply at 23 GPa but attains a nearly constant value of 1.90 Å above 50 GPa. 

It is noteworthy that the Ca-O and Mg-O bond lengths and their pressure trends in the basaltic melt 

compare reasonably well with those found for the diopside melt as determined by Sun et al.4 



 

Supplementary Figure 2. Radial distribution function (RDF) and bond lengths. a) The RDF 
of Si-O in the basaltic melt at 2200 K with increasing pressure and b) Si-O bond length versus 
pressure, also included for comparison are selected literature data2,4,8,9. c) The RDF of Al-O in the 
basaltic melt at 2200 K at increasing pressure and d) Al-O bond length versus pressure compared 
with that of alumina10 and anorthite melt11. The error bars pertaining to the mean values of the 
bond lengths have been determined from the uncertainty of the first peak position of the RDF. 



 

Supplementary Figure 3. Radial distribution function (RDF) and bond lengths. a) The RDF 
of Ca-O in the basaltic melt at increasing pressure at 2200 K and b) Ca-O bond length versus 
pressure. c) The RDF of Mg-O in the basaltic melt at increasing pressure at 2200 K and d) Mg-O 
bond length versus pressure. The error bars pertaining to the mean values of the bond lengths have 
been determined from the uncertainty of the first peak position of the RDF. 

 

Supplementary Note 3. Bond angle distribution 

The bond angle distribution plots for the O-Si-O and O-Al-O for different pressure points 

at 2200 K have been shown in Supplementary Figure 4. The ~90o is the octahedral O-Si-O and the 

~170o is the axial (linear) O-Si-O (Supplementary Figure 4a). It is evident that the local 

environment is almost octahedral. Compared to the O-Si-O, the O-Al-O becomes 6 coordinated 

much more rapidly (Supplementary Figure 4b).  



 

Supplementary Figure 4. Bond angle distribution at 2200 K. a) For O-Si-O and b) O-Al-O 
angles as a function of pressure.  

 

Supplementary Note 4. Structural transformation of the model basaltic melt with pressure 

On compression, both Si-O and Al-O polyhedra show increasing five- and seven-fold 

coordinations as shown in Supplementary Figures 5 and 6. This has been proposed to be a 

contributing factor to increasing the non-bridging oxygen and thus increasing the ionic mobility. 

From Supplementary Figure 5, it can be noted that at 0 GPa, all the Si atoms are four fold 

coordinated with O atoms. On compression, five-fold coordination can be seen and at 38 GPa, 

there is a mixture of both five and six-fold coordination. At higher pressures above 50 GPa, mostly 

six-fold coordination can be seen. A very similar trend is seen for Al-O bonding in Supplementary 

Figure 6. Although, for the case of Al-O, the four-fold coordination is lost faster and by 18 GPa 

mostly five-fold coordination can be seen.  



 

Supplementary Figure 5. Snapshots of the structures of the basaltic melt at 2200 K. At a) 0 
GPa, b) 18 GPa, c) 23 GPa, d) 38 GPa, e) 50 GPa, and f) 68 GPa, showing the variation of the Si-
O coordination environment with pressure. The blue and red spheres are the Si and O atoms, 
respectively. 

 

 



 
 

Supplementary Figure 6. Snapshots of the structures of the basaltic melt at 2200 K. At a) 0 
GPa, b) 18 GPa, c) 23 GPa, d) 38 GPa, e) 50 GPa, and f) 68 GPa, showing the variation of the Al-
O coordination environment with pressure. The purple and red spheres are the Al and O atoms, 
respectively. 

 

Supplementary Note 5. Coordination number evolution with pressure at 3000 K 

The simulations of basaltic melt at 3000 K show a similar structural transformation 

sequence as that of 2200 K. This has been confirmed by calculating the coordination number of 

the atomic species at 3000 K between 40-70 GPa and has been shown in Supplementary Figure 7. 



However, as expected, due to the increased temperature five- and six-fold coordinated Si-O and 

Al-O (Supplementary Figure 7) appear at pressures lower than those at 2200 K. 

 

Supplementary Figure 7. Coordination number vs pressure at 3000 K. For the cases of a) Si 
and b) Al. 

 

Supplementary Note 6. Mean squared displacement and diffusion coefficient of the atomic 
species 

In Supplementary Figure 8, the mean squared displacement (MSD) for the model basaltic 

melt is shown at 0 GPa and 2200 K. Approximately, after 5 ps, the MSD becomes almost linear. 

From linear fits, the slope is determined which is employed in the calculation of the diffusion 

coefficient.  



 

Supplementary Figure 8. Mean squared displacement. The MSD for 0 GPa and 2200 K has 
been shown.   

 

In Supplementary Figure 9, our calculated diffusion coefficients at 3000 K have been compared 

with those of similar melts. The order of magnitude matches well, however in our case, we see a 

sudden increase at 50 GPa after which the diffusion coefficients decrease again. This is consistent 

with our results obtained for 2200 K for which we see a similar trend. 



 

Supplementary Figure 9. Comparison of diffusion coefficients. The solid lines indicate our 
study at 3000 K. The errors of the mean were determined by considering (i) different intervals of 
the time origin of the molecular dynamics steps and (ii) minor variation in slope of the straight line 
used to fit the mean squared displacement. The dashed lines represent the theoretical data obtained 
for anorthite melt at 3000 K by Karki et al.12 The dotted lines represent the theoretical data obtained 
for carbonated MgSiO3 by Ghosh and Karki13. The squares with ‘plus’ symbol represent the 
experimental data obtained by Poe et al.14 for NaAlSi3O8 at 2100 K. The squares with ‘cross’ 
symbol represent the experimental data obtained by Reid et al. for diopside liquid at 2200 K15.   

 

Supplementary Note 7. Comparison of coefficient of viscosity with other melts 

In Supplementary Figure 10, we have compared our calculated coefficient of viscosity with 

that of other related melts (reported both from experiments and theory), including basaltic 

magma16, MgSiO3
17,18

, and anorthite12 and mid-ocean ridge basalt (MORB)19. 



 

Supplementary Figure 10. Comparison of coeffiecient of viscosity. The standard error of the 
mean values were determined by considering two possible sources of error in the calculations, 
which are (i) interval of the time origin of the molecular dynamics steps and (ii) oscillatory nature 
of the stress auto correlation function after it decays to zero which is integrated to obtain the 
coefficient of viscosity. Our results have been compared with that of other experimental16,17 and 
theoretical12,18,19 works.  

 

Supplementary Note 8. Comparison of magnesium pseudopotentials 

In order to reduce the computation expense significantly, the two-electron pseudopotential 

has been utilized for Mg instead of the p-valence one. The results have been compared in 

Supplementary Figure 11 for face centered cubic MgO as an exercise and it can be seen that the 

two pseudopotentials give almost identical results.  

 



 

Supplementary Figure 11. Comparison of two-electron and p-valence pseudopotential. of Mg. 
a) P-V curve and b) Enthalpy vs pressure of face centered cubic MgO.  

 

Supplementary Note 9. Convergence of stress autocorrelation function and coefficient of 
viscosity 

The decay of the stress autocorrelation function (SACF) with time has been represented in 

Supplementary Figure 12 for the cases of 0, 38 and 62 GPa at 2200 K. The SACF decays before 

~10 ps and oscillates about zero thereafter. The convergence of the coefficient of viscosity with 

time has been shown for the cases of 0, 38 and 62 GPa at 2200 K in Supplementary Figure 13. As 

expected, by ~10 ps, coefficients of viscosity for the different pressure points converge to an 

average value.  



 

Supplementary Figure 12. Decay of the stress autocorrelation function. The cases for 0, 38 
and 62 GPa at 2200 K have been shown. 

 

Supplementary Figure 13. Convergence of the coefficient of the viscosity as a function of 
time. The cases for 0, 38 and 62 GPa at 2200 K have been shown. 
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