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Chondrules are spherical objects found in chondritic meteorites. They are thought be formed in the early

solar system: precursor particles were heated to be molten, became spherical due to the surface tension,

and cooled to solidify. Their heating and cooling conditions are inferred from various studies. Also, their

formation environment is supposed to be dust-rich, so that the vapor pressure of volatile elements

becomes high enough to prevent their evaporation. Formation mechanisms for chondrules include the

shock-wave heating, the planetesimal collisions, the lightning, and so on, but debates on the origin have

not settled yet. In this study, we explore a possibility that lightning in a dust-rich region forms chondrules. 

 

In a previous study on the chondrule formation by lightning, the temperature evolution of a precursor

particle was examined theoretically. It turned out that the heated particle cooled rapidly because the

radiation from the particle flows efficiently in an optically thin environment, and the calculated cooling

rates were inconsistent with observationally inferred values, which are in a range from 1 K/hour to 1000

K/hour. If the particle is in a dust-rich region, however, the radiation energy transfer is hindered, so the

cooling rate of the particle may become low enough. It is worth noting that lightning is likely to take place

in some dust-rich regions. The dust-to-gas mass ratio there is supposed to be 100 or more. And those

dust-rich regions may be generated by the streaming instability and/or the gravitational instability, which

may lead to the formation of planetesimals, as a natural consequence of the dust evolution in the solar

nebula. 

 

So, we examined the temperature evolution of particles in various dusty environments, and found that

cooling rates of particles consistent with speculated values can be realized if the spatial dust density is

higher than 10-7 g cm-3. This density is so high that the region is gravitationally unstable. It implies that

chondrules may be formed in gravitationally contracting planetesimals.
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