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Introduction: Modeling the ablation of meteoroids that enter the atmosphere is challenging.  Aerodynamic heat-

ing leads to the melting of the exterior of such meteoroids, which can experience surface temperatures and pressures 
in excess of 2000 K and 20 atm, respectively.  The structural and viscous properties of meteoric melts are thereby 
important for understanding entry behavior.  Chondritic meteoroids are the most common to enter the atmosphere; 
however, experimental data on the melt properties of chondrites is sparse.  Obtaining such data would require the 
probing of extreme conditions, which may not be achievable in a laboratory, and result in the destruction of samples.  
As an alternative, atomistic simulations have matured to the point where quantitative property assessments for com-
plex melts are viable.  We have performed such simulations for a number of reduced composition chondrites and 
describe their structural and viscous properties at atmospheric entry conditions. 

 
Simulations: Quantum molecular dynamics (QMD) simulations are employed to investigate the properties of 

chondritic melts.  These simulations require the solution of Schrodinger’s equation to evaluate the electron wave-
function.  The electron wavefunction then provides forces on the atomic nuclei and allows the time-resolved evalua-
tion of nuclear trajectories and state properties (e.g., temperature, stress, and internal energy).  QMD simulations 
were performed for the primary constituents of chondrites, namely SiO2, MgO, FeO, and their mixtures, in the liquid 
phase at high temperature (2000-5000 K) and pressure (1-20 atm).  The simulations were performed for up to 100 
picoseconds and on 300 atom cells.  The viscosity was evaluated in the infinitesimal shear limit from stress autocor-
relations using the Green-Kubo relations. 
 

Results: Initially, melts of the individual components of chondrites were examined.  The melt of SiO2 form a 
regular …-[Si-O]-… network structure, where Si is tetrahedrally coordinated to 4 O atoms (see Figure 1).  The reg-
ular coordination results in a highly viscous melt with low compressibility.  Metallic oxide melts, on the other hand, 
exhibit irregular networks with metallic atoms bound to 2-5 O atoms in a diffuse distribution (see Figure 1).  The 
irregular network leads to a low viscosity and high compressibility.  To approximate the composition of chondrites, 
binary mixtures of SiO2 with MgO and FeO were examined.  Addition of metallic oxide components to the SiO2 
melt disrupts the regularity of the …-[Si-O]-… network structure.  The diffuse bonding of the metals combined with 
the disrupted network leads to order of magnitude decreases in viscosity, which do not obey linear mixing rules of 
the pure components.  The viscosities obtained from QMD exhibit excellent agreement with experiments on availa-
ble mixtures.  We conclude that QMD simulation is a viable approach for obtaining structurally rationalized, quanti-
tative viscosities in reduced composition chondrites at extreme conditions. 

 

 
Figure 1. Molten SiO2 (left) and MgO (right) at 2000 K and 1 atm. 
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