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Introduction: Micrometeorites (MMs) are extraterrestrial 

dust particles <2 mm in size recovered from the surface of the 
Earth and represent that fraction of the interplanetary dust popu-
lation to survive atmospheric entry. The only iron-dominated par-
ticles found amongst MMs are I-type cosmic spherules (CSs) that 
occur as spheres dominated by wustite and/or magnetite, some-
times containing FeNi metal beads [1]. These particles, like sili-
cate dominated (S-type) cosmic spherules, are formed by exten-
sive melting during atmospheric entry. I-type spherules are pre-
sent in small abundances of ~2% in Antarctic collections [1]. 

The absence of unmelted metallic MMs and the small abun-
dance of I-type spherules is problematic due to the presence of 
ordinary chondrite-like materials amongst MMs [2] and the large 
abundance of metal on these meteorite parent bodies. A numeri-
cal model of the entry heating of iron micrometeoroids is pre-
sented to evaluate whether the abundance of I-type spherules is a 
result of atmospheric heating or the nature of their parent bodies. 

Numerical Methods: The numerical simulations used in this 
study are based on those of Love and Brownlee [3] and involve 
the approximation of the equations of motion and heat transfer of 
particles to determine temperature and mass loss through evapo-
ration. Unlike previous studies [4], oxidation of metallic particles 
is included and was simulated by considering the mass of atmos-
pheric oxygen encountered whilst particles were at supra-solidus 
temperatures. Mass loss of oxygen from molten particles was 
also calculated due to the evaporation of iron oxide liquids that 
wet the surface of the iron liquid droplets.  

Results: Simulation results indicate that iron metal particles 
are more likely to reach their solidus temperatures (1809K) than 
silicate particles with equivalent entry parameters due to their 
higher densities. Iron micrometeoroids are, however, likely to 
survive entry heating with less mass loss than S-type spherules 
due to the significantly lower evaporation rates of iron oxide liq-
uids [5]. Contrary to observation, the abundance of I-type spher-
ules would be expected to be enhanced compared with the abun-
dance of metal on their parent asteroids. Metal bead survival is 
predicted to be greatest for particles that decelerate at the highest 
altitudes, or large particles that experience significant mass loss 
of oxide liquids from their surfaces. 

Conclusion: The low abundance of I-type spherules amongst 
cosmic spherules is not a consequence of their atmospheric entry 
and suggests that either metal-poor parent bodies are common, or 
iron micrometeoroids have a larger mean size than silicates. The 
low abundance of metal beads amongst I-type spherules suggests 
that large, high velocity (cometary) iron micrometeoroids are 
relatively uncommon. 
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