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Introduction: Chondrules are abundant in most of chondritic 

meteorites falling onto the Earth. They are believed to have been 
formed from molten silicate droplets 4.6 billion years ago in our 
early solar system [1]. Some of them have interesting crystalline 
textures with rim and bars. The rim has a thin shell-like morphol-
ogy surrounding a chondrule. The bars are planar crystals parallel 
each other observed inside the rim. The remarkable features are 
that the rim connects with bars and the crystal orientation of the 
rim is the same as adjoining bars [2]. Such texture has not been 
reproduced in the laboratory experiments except a few examples 
[3, 4], therefore, the formation mechanism is unclear.  

We notice that the Mullins-Sekerka instability at the interface 
between the previously formed rim and the inside supercooled 
melt results into the formation of bars, based on the linear stabil-
ity analysis [5]. We carry out the numerical simulation of the 
crystallization of a supercooled silicate melt (dynamic crystalliza-
tion simulation) by using a phase-field model [6]. 

Model: For simplicity, we consider a droplet of one compo-
nent in our model, so we solve the equations for evolutions of 
crystals, which are described by a phase field, and the tempera-
ture, but do not of chemical zoning. Initially, we assume that the 
rim is formed at the droplet surface. Since the rim is heated up to 
about the melting temperature by the release of the latent heat of 
crystallization, the temperature gradient from the hotter rim to the 
cooler inside is generated.   

Numerical Results: The interface between the rim and the 
inside supercooled melt is unstable during the solidification. Our 
simulation shows that the instability grows nonlinearly and paral-
lel planar crystals are formed. This morphology is similar to that 
observed in some natural samples of chondrules. The formation 
timescale and width of bars depend on the supercooling dT (= Tm 
- T, where Tm is the melting temperature and T is the droplet 
temperature). However, when the supercooling dT exceeds the 
hypercooling limit (~ 425 C for forsterite [7]), the barred olivine 
texture is not reproduced.  

Conclusion: Our dynamic crystallization simulation shows 
that the barred olivine textures were formed from a supercooled 
melt with the supercooling of about dT < 400 C due to the Mul-
lins-Sekerka instability. In contrast, the barred olivine textures 
cannot be formed when the supercooling exceeds the hypercool-
ing limit. The dynamic crystallization simulation can be a very 
powerful tool to elucidate the formation mechanism of chondrule 
textures by comparing with the dynamic crystallization experi-
ments.  
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