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１． Background and purpose of the project, 

relationship of the project with other projects 

Basaltic melts that form the oceanic crusts and large 

igneous provinces and layered mafic intrusions in 

continents are the most common magmas on Earth, 

Moon and Mars [1]. They are generated mostly in the 

asthenosphere in the upper mantle and mantle 

plumes at greater depths, possibly down to the 

core-mantle boundary. Therefore, information on the 

structures and properties of basaltic melts under 

high pressures and high temperatures is 

indispensable to understand the origin and activity 

of magmas in the Earth’s interior and the evolution 

of the Earth and other planets. Much effort has been 

devoted to exploring the structures and properties of 

melts, including basaltic liquids [2-9]. However, 

there are tremendous technical challenges 

associated with experimental measurements of melt 

properties at high pressures and high temperatures. 

To date, most measurements on silicate melts were 

restricted to less than 10 GPa, and only a few have 

been successfully carried out above 10 GPa [10]. 

Since solid glasses are much easier to handle at high 

pressures, they are often used as analogs of the 

corresponding melts to infer the structures and 

properties of the latter under mantle conditions 

[11-18]. Thus, many high-pressure experiments on 

silicate glasses quenched from melts have been 

performed. . In this work, Ab initio Molecular 

Dynamics (AIMD) calculations have been performed 

to investigate pressure-induced structural changes of 

a model basalt melt and its corresponding glass 

consisting of CaO, MgO, Al2O3 and SiO2. The 

primary focus of this study is the pressure range 

relevant to the upper mantle and the transition zone 

where experimental results are available for 

comparison. In particular, results from this study 

are anticipated to shed new light on the 

long-standing assumption that glasses quenched 

from melts can be used as models for probing 

structural characteristics of the latter under mantle 

conditions.   

 

２． Specific usage status of the system and 

calculation method 

All calculations were performed on the Hokusai 

system. The VASP code [19] was used for the First 

Principles Molecular Dynamics calculations using 

the PBE functional and the projected Augment wave 

(PAW) potential [20] to replace the core electron of 

the atoms. A 244 atom model with the stoichiometry 

22CaO, 14MgO, 8Al2O3 and 44SiO2) was used.  The 

P-T conditions from ambient pressure to 90 GPa 

were investigated.  The initial melt structure was 

generated by melting of the solid model and cooled 

slowly to room temperature at 0 GPa. At each 

pressure, an isobaric-isothermal (NPT) MD was 

performed on the cubic supercell to relax the 

structure. This was followed by a lengthier 

constant-volume constant temperature (NVT) 

simulation employing the Langevin thermostat [21]. 

An integration time-step of 1fs was used. Following 

the work from last year, we paid special attention 

from 0 to 25 GPa for the glass at 300 K and from 0 to 

23.8 GPa at 2500 K on the melt. For the latter, we 

investigated the transport properties such as 
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diffusion, viscosity and the electrical conductivity.  

 

３． Result 

The results for the melts at pressure from 0 – 90 GPa 

has been reported in last year report and published 

in a recent paper and, therefore, will not be repeated 

here [22].  This report focuses on the recent work at 

the low-pressure region.  

 

The new results show that the local structures of the 

melt and glass are similar over a broad pressure 

range, but there are subtle but distinct differences. 

The pressure trends on the average Si-O, Ca-O, 

Mg-O, Al-O, O-O and Si-Si distances for the glass 

and melt are found to be very close. At ambient 

pressure, both are composed primarily of Si-O and 

Al-O tetrahedra. As expected, the Si-O coordination 

increases from four to fivefold and subsequently to 

sixfold. However, changes in the nearest neighbor 

Si-O and O-O are found to behave quite differently 

between the glass and melt. The most significant 

differences are in the distributions of the Si-O-Si and 

O-Si-O angles, which lead to different local 

structures and packing of the polyhedra. These 

differences demonstrate that caution must be 

exercised in the use of glasses as models for probing 

pressure-induced structural changes in the mantle. 

The consequence of the structural changes to the 

viscosity of the basaltic melt in the pressure region of 

0-25 GPa is is comparable with available 

experimental data. 

 

４． Conclusion 

The results show that structural changes predicted 

for the basaltic glass over a wide pressure range are 

consistent with available experimental data. 

Moreover, the calculated bulk properties, such as the 

EOS and sound velocities, are similar between the 

basaltic melt and glass. However, there are 

significant differences in the local distortion trends 

of the Si-O and Al-O coordination shells. In 

particular, a large decrease in the Si-O-Si angle 

occurs in the pressure range from 0 to 13 GPa. The 

change in the Si-O distance is not noticeable and the 

mean O-Si-O angle is relatively constant. 

Compaction is largely achieved by changing the 

packing of the SiO4 tetrahedra and compressing the 

large Ca-O and Mg-O polyhedra. At pressure above 

13 GPa, the Si-O-Si angle decreases substantially. 

This is accompanied by a concomitant increase in the 

Si-Si and Si-O distances. When pressure exceeds 

16.9 GPa, the Si-O distance increases while the O-O 

distance decreases and the SiO4 tetrahedra 

transform into fivefold- and sixfold-coordinated 

polyhedra. From detailed comparison of the basaltic 

glass structure and melt, we can conclude that, in 

both cases, the mean Si-O coordination number 

increases with more fivefold, and subsequently 

sixfold-coordinated species replacing the SiO4 

tetrahedra when pressure increases. However, the 

pressure trends in the T-O and O-O distances (T = Si 

or Al) are not the same between these two states. 

They are responsible for the different distributions of 

the T-O-T and O-T-O angles; consequently, their 

local structures are significantly different at 

corresponding pressures. The present theoretical 

study shows that most of the intrinsic properties, 

such as bulk modulus, sound velocity, density … etc., 

of the basaltic glass and the melt are broadly similar 

but not identical. These properties display parallel 

trends over a broad pressure range, at least up to 80 

GPa. Therefore, the basaltic glass is a close analog to 

its molten counterpart, but notable structural 

differences must be taken into account. At low 

pressure, the basaltic glass at 300 K is 

approximately 5% denser than its molten 

counterpart at 2500 K, but their difference becomes 

smaller at high pressures. 

 

References 

[1] H.Y.J. McSween, G.J. Taylor, M.B. Wyatt, 

Elemental composition of the Martian crust. Science, 

324 (2009), pp.736. 

[2] N. Funamori, S. Yamamoto, T. Yagi, et al. 



Usage Report for Fiscal Year 2020 

Exploratory studies of silicate melt structure at high 

pressures and temperatures by in situ X-ray 

diffraction. J Geophy Res-Sol Ea, 109 (2004), 

B03203. 

[3] N. Funamori, T. Sato, Density contrast between 

silicate melts and crystals in the deep mantle: An 

integrated view based on static-compression data. 

Earth Planet Sci Lett, 295 (2010), pp.435. 

[4] C.E. Manning, The Influence of Pressure on the 

Properties and Origins of Hydrous Silicate Liquids in 

Earth's Interior. Magmas Under Pressure, (2018), 

pp.83. 

[5] S. Petitgirard, W.J. Malfaitb, R. Sinmyoa, et al. 

Fate of MgSiO3 melts at core-mantle boundary 

conditions. Proc Natl Acad Sci USA, 112 (2015), 

pp.14186. 

[6] F.J. Spera, M.S. Ghiorso, D. Nevins, Structure, 

thermodynamic and transport properties of liquid 

MgSiO3: Comparison of molecular models and 

laboratory results. Geochim Cosmochim Ac, 75 

(2011), pp.1272. 

[7] L. Stixrude, B. Karki, Structure and freezing of 

MgSiO3 liquid in Earth's lower mantle. Science, 310 

(2005), pp.297. 

[8] L. Stixrude, N. Koker, N. Sun, et al. 

Thermodynamics of silicate liquids in the deep Earth. 

Earth Planet Sc Lett, 278 (2009), pp.226. 

[9] A. Suzuki, E. Ohtani, H. Terasaki, et al. Viscosity 

of silicate melts in CaMgSi2O6–NaAlSi2O6 system 

at high pressure. Phys Chem Miner, 32 (2005), 

pp.140. 

[10] C. Sanloup, J.W. Drewitt, Z. Konopkova, et al. 

Structural change in molten basalt at deep mantle 

conditions. Nature, 503 (2013), pp.104. 

[11] C.A. Angell, C.A. Scamehorn, C.C. Phifer, et al. 

Ion dynamics studies of liquid and glassy silicates, 

and gas-in-liquid solutions. Phys Chem Miner, 15 

(1988), pp.221. 

[12] J.D. Kubicki, A.C. Lasaga, Molecular dynamics 

simulations of SiO2 melt and glass: Ionic and 

covalent models. Am Mineral, 73 (1988), pp.945. 

[13] K. Shimoda, H. Miyamoto, M. Kikuchi, et al. 

Structural evolutions of CaSiO3 and CaMgSi2O6 

metasilicate glasses by static compression. Chem 

Geol, 222 (2005), pp.83. 

[14] E.M. Stolper, T.J. Ahrens, On the nature of 

pressure-induced coordination changes in silicate 

melts and glasses. Geophys Res Lett, 14 (1987), 

pp.1231. 

[15] S. Susman, K.J. Volin, D.L. Price, et al. 

Intermediate-range order in permanently densified 

vitreous SiO2: A neutron-diffraction and 

molecular-dynamics study. Phys Rev B, 43 (1991), 

pp.1194. 

[16] D. Wakabayashi, N. Funamori, Equation of 

state of silicate melts with densified 

intermediate-range order at the pressure condition 

of the Earth’s deep upper mantle. Phys Chem 

Minerals, 40 (2013), pp.299. 

[17] Y. Waseda, J.M. Toguri, The structure of molten 

binary silicate systems CaO-SiO2 and MgO-SiO2. 

Met Trans, 8B (1977), pp.563. 

[18] C.D. Yin, M. Okuno, H. Morikawa, et al. 

Structure analysis of MgSiO3 glass. J Non-Cryst 

Solids, 55 (1983), pp.131. 

[19] G. Kresse, J. Furthmüller, Efficient iterative 

schemes for ab initio total energy calculations using 

a plane-wave basis set. Phys Rev B, 54 (1996), 

pp.11169. 

[20] G. Kresse, D. Joubert, From ultrasoft 

pseudopotentials to the projector augmented-wave 

method. Phys Rev B, 59 (1999), pp.1758. 

[21] B. Leimkuhler, E. Noorizadeh, F. Theil, A 

Gentle Stochastic Thermostat for Molecular 

Dynamics. J Stat Phys, 135 (2009), pp.261. 

[22] A. Majumdar, M. Wu, Y. Pan, et al. Structural 

dynamics of basaltic melt at mantle conditions with 

implications for magma oceans and superplumes. 

Nat Commun, 11 (2020), pp.4815. 

 

 

５． Schedule and prospect for the future 

The goal specified in fiscal 2020 is almost completed.  

We need to augmented the results by further  
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calculations of the x-ray and neutron diffraction 

patterns and compare with experimental results. We 

will summarized all the results as a manuscript for 

publication.,  

 

 

６． If no job was executed, specify the reason. 
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