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aBstract

Empirical potential molecular dynamics (EPMD) simulations of 1-bar eutectic composition liquid in 
the system CaAl2Si2O8-CaMgSi2O6 have been conducted using the interatomic pair-potential of Matsui 
(1998). Simulations using ~10 000 atoms over a wide range of conditions (r: 2200–5000 kg/m3; T: 
1600–5500 K; P: 0–170 GPa) were used to derive an equation of state, determine self-diffusivities 
for all atoms, calculate melt viscosity, and investigate melt structures by coordination statistics. EOS 
results compare well to laboratory shock wave data up to ~25 GPa, diverging at higher pressure. Based 
on simulations of the end-member compositions of the join using the same potential, non-ideality in 
the volume of mixing at pressures below 10 GPa disappears at higher pressures. Ideal volume mixing 
at elevated pressure is consistent with inferences from laboratory shock wave studies of liquids in this 
system. The non-ideal volume of mixing at low pressure is directly correlated to structural differences 
between the end-member liquids and the mixing of cation-anion coordination polyhedra of differing 
volume. Self-diffusivities show reasonable agreement with laboratory values, with activation energies 
and activation volumes in the range 90–100 kJ/mol and 1–3 cm3/mol, respectively. Shear viscosities 
at 3500 K span from 1.8 × 10–3 Pa·s at low P to ~4.4 × 10–3 Pa·s at ~14 GPa.
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introduction

Liquid of 1-bar (10−4 GPa) eutectic composition in the system 
CaAl2Si2O6-CaMgSi2O6 serves as a compositional analog for 
basaltic liquid, the most common magma on Earth, terrestrial 
planets, and parent bodies of achondritic meteorites. Understand-
ing the pressure (P) and temperature (T) dependence of self-
diffusivities, the shear viscosity, and equation of state (EOS) of 
basaltic liquid is relevant to myriad problems related to planetary 
differentiation and magma transport phenomena. Laboratory 
experiments over the wide range of P-T conditions pertinent to 
the Earth’s mantle and the interiors of recently discovered super-
Earth’s (Udry et al. 2007) are expensive, time consuming, and 
difficult to carry out. Molecular dynamics (MD) simulation is a 
useful tool for the investigation of molten geoliquids, as dem-
onstrated in numerous studies within the past decade using both 
first-principles (FPMD) (e.g., Stixrude and Karki 2005; Wan et al. 
2007; Guillot and Sator 2007; de Koker et al. 2008; Vuilleumier 
et al. 2009; Karki and Stixrude 2010) and empirical potential 
molecular dynamics (EPMD) (e.g., Lacks et al. 2007; Ghiorso 
et al. 2009; Spera et al. 2009, 2011; Ghiorso and Spera 2009).

In this study, we report the results of EPMD simulations on 
liquid of 1-bar eutectic composition in the system CaAl2Si2O8-
CaMgSi2O6 (An36Di64 by molar abundance) up to 170 GPa and 
5500 K using the pair potential of Matsui (1998) and compare 
with available experimental data to deduce the limit of validity of 
the Matsui potential. Melt structure and properties are determined 

at 118 state points, most of which lie in the equilibrium liquid 
field, and results are used to derive an equation of state (EOS) 
for the equilibrium liquid following the methods outlined in 
Ghiorso et al. (2009). Self-diffusivities of Ca, Mg, Al, Si, and O 
are calculated at each state point, and long duration simulations 
of ∼5 nanoseconds (ns) are used to determine the shear viscosity 
based on the time decay of the correlation of appropriate com-
ponents of the stress tensor. Resulting values for diffusion and 
shear viscosity are fit to Arrhenian expressions to obtain values 
for the activation energy and activation volume for self-diffusion 
and viscous flow. Liquid properties are compared to laboratory 
values and other computational studies and related to melt struc-
tures determined by nearest-neighbor coordination statistics. We 
find that the EOS based on the transferable potential of Matsui 
(1998) is a useful liquid model up to ~25 GPa; however, at higher 
pressure, the Matsui-derived EOS deviates from shock wave data. 
The thermodynamic and transport model for eutectic composition 
liquid developed in this study is useful for temperatures in the 
range 2000–5000 K and pressures up to ∼25 GPa. Additional MD 
simulations, preferably by first-principles methods (FPMD) or 
with a more suitable EPMD pair-potential valid to high pressures, 
are needed to extend the EOS to greater pressure.

Methods
EPMD simulations were carried out in the microcanonical (NEV) ensemble 

(constant N, E, and V) using the transferable pair potential model of Matsui 
(1998) for the CaO-MgO-Al2O3-SiO2 (CMAS) system. A detailed description of 
the numerical methods and implementation of the MD simulations may be found 
elsewhere (e.g., Spera et al. 2009; Ghiorso et al. 2009). Each simulation volume * E-mail: gbenmartin@umail.ucsb.edu


