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Introduction: It has been realized that a fraction of silicates 

are crystalline in comets [1-3] and interplanetary dust particles 
(IDPs) [4].  Crystalline silicates have also been identified in 
comet Wild-2 Stardust samples [5].  Since the fraction of crystal-
line interstellar silicates along a sight line to the galactic center is 
0.2±0.2%, i.e., almost completely amorphous [6], only a part of 
the interstellar silicate must be crystallized by thermal annealing 
or other processes in protoplanetary nebula.   

During the formation of silicate grains, whether a silicate 
grain becomes crystalline or amorphous depends sensitively on 
its formation conditions.  Generally, we believe that crystalline 
forsterite grains are formed at a slower cooling rate (<~700 K/s: 
[7]) or by later annealing (~1000 K) of previously condensed 
amorphous grains.  In the case of smoke experiments, since the 
cooling rate is very fast on the order of 104 K/s, the particles are 
generally amorphous.  Indeed, the silicate smoke particles con-
densed from Mg-SiO-H2-O2 flowing gas are amorphous [8].  
Therefore, heating source is required to form crystalline silicate 
grains.  Generally, it has been considered that central protosun is 
the heating source to crystallize the amorphous silicate grains.  
During a thermal annealing, the amorphous silicates gradually 
crystallized in the hot inner solar nebula over time and then were 
transported outward and incorporated into comets [9-10].   

Experimental Demonstration: During the condensation of 
forsterite particles in laboratory, it was found that partially crys-
tallized forsterite particles are directly produced caused by oxida-
tion energy of magnesium through condensation from the vapor 
phase and the crystallinity is a result of the balance between the 
heat generated by oxidation of magnesium and the heat dissi-
pated by radiation.  Namely, partially crystalline silicates can be 
produced accompanying with the higher oxidation energy after 
evaporation of aggregates composed of silicates and ices during 
energetic shocks.  Thus, the partial pressure of oxygen and the 
time scale during condensation are important factors on the for-
mation of silicate grains.   

In this report, crystallinity of Mg-bearing silicate grains in 
protostellar system will be discussed based on the two experi-
mental demonstrations: direct formation of magnesium-bearing 
silicate grain analogs by the gas evaporation method and the 
thermal evolution of amorphous Mg-bearing silicate grain ana-
logs observed using differential scanning calorimetry.   
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