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abSTracT

Non-equilibrium molecular dynamics (NEMD) simulations are used to compute the phonon ther-
mal conductivity (k) for liquids and glasses of composition Mg2SiO4, CaMgSi2O6, and NaAlSi3O8 at 
2000–4500 K and 0–30 GPa based on classical potentials. These compositions span the range of melt 
polymerization states in natural systems at ambient pressure. The NEMD results compare well with 
available laboratory measurements on molten NaAlSi3O8 and CaMgSi2O6 at 1 bar. Thermal conductivi-
ties decrease with increasing temperature (T), increase with increasing pressure (P), and at low pressure 
increase slightly as the mean coordination number of Si and Al around oxygen increases, in the sequence 
Mg2SiO4, CaMgSi2O6, and NaAlSi3O8. At 3500 K, the thermal conductivity of CaMgSi2O6 at 0, 10, 
20, and 30 GPa is 1.1, 2.1, 2.5, and 3 W/mK, respectively. At ambient pressure (0.2 ± 0.15 GPa), k = 
1.2 and 0.5 W/mK at 2500 and 4500 K, respectively, for CaMgSi2O6. For NaAlSi3O8 composition, k 
varies from 1.7 to 2.7 W/mK at 3050 K for pressures of 6 and 30 GPa, respectively. Mg2SiO4 liquid 
at ambient pressure (0.07 ± 0.16 GPa) is found to have thermal conductivities of 1.36 and 0.7 W/mK 
at 2500 and 4500 K, respectively. Tables giving computed k values for all compositions are included 
for state points studied. The trade-off between T and P implies that the phonon thermal conductivity 
of silicate liquids at mantle depths increases substantially (factor of 2–3) along isentropes.
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inTroDucTion

Knowledge of the phonon thermal conductivity of amorphous 
silicates (melts and glasses) over the range of composition (X), 
P and T of the Earth’s crust and mantle is essential for analysis 
of many geophysical and geochemical problems. For example, 
heat transfer during nucleation and dissolution or growth of a 
crystal from a melt is a significant factor governing rock texture. 
Similarly, heat exchange between magma and its surroundings 
is relevant to rates of magma crystallization, mechanisms of 
volatile-saturation, and the thermodynamics of partial melting. 
Heat transport from the Earth’s core to mantle, possibly modulated 
by a transient molten or partially molten ultralow-velocity zone 
(ULVZ), is relevant to the long-term thermal history of Earth, 
the thickness of thermal boundary layers along the core-mantle 
boundary and the strength and evolution of the Earth’s magnetic 
field (Wen and Helmberger 1998; Hernlund and Jellinek 2010; 
Idehara 2011; Anzellini et al. 2013; Olsen 2013). Accurate values 
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the isobaric specific heat capacity, and k is the phonon thermal 
conductivity, are needed to calculate transient geotherms and 
predict conditions for crustal anatexis and metamorphism in 
orogenic regions (e.g., Whittington et al. 2009). Finally, in ce-
ramic and composite materials processing, knowledge of thermal 
conductivity is required (Kang and Morita 2006). Of special 
concern is the lack of any estimates of the effects of pressure on 

phonon conduction in silicate liquids. In this study, attention is 
mainly focused upon equilibrium silicate liquids of petrological 
significance although a few results relevant to glasses are in-
cluded. The term amorphous is used here to refer to either glass 
or liquid when the distinction is not essential.

There are few reliable measurements of the thermal conduc-
tivity of molten silicates as a function of X and T at ambient P. 
We are aware of no experimental measurements describing the 
effect of pressure on k for silicate liquids. Although there are 
measurements and theory related to the effects of pressure on 
thermal conductivity in crystalline silicates and oxides, liquids 
are structurally distinct with essentially no long-range structure 
beyond a0.5 nm (Kittel 1949). Hence, one might expect some 
differences in modes of phonon excitation in liquids relative to 
ordered solids because, unlike solids, liquids undergo gradual 
changes in structure as P increases. One of the goals of this study 
is to provide quantitative constraints on the pressure dependence 
of the thermal conductivity of silicate liquids at elevated tempera-
ture. Very limited experimental data at 1-bar on molten silicates 
of varying atomic-level structure suggest that at fixed T and P, 
the more polymerized the melt (e.g., the lower the NBO/T ratio), 
the higher the thermal conductivity (Kang and Morita 2006). 
A second goal of this work is to therefore examine, at fixed 
temperature and pressure, the correlation of thermal conductiv-
ity with NBO/T ratio. Finally, although for crystalline solids at 
constant pressure, thermal conductivity varies according to 1/T 
(e.g., see summary in Stackhouse and Stixrude 2010) the validity 
of this scaling of conductivity with temperature, k v 1/T�, has not 


