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Introduction: We developed a new model to calculate the 

cooling rate (or burial depth) by using the Fe-Mg chemical zon-
ing profile of olivine considering diffusional modification during 
crystal growth [1], because chemical zoning provides information 
on thermal history of minerals. Although dynamic crystallization 
experiments are useful for estimating the cooling rate [e.g. 2], 
experimental results only show the possibility of the cooling rate. 
It is, therefore, important to determine the cooling rate of actual 
olivines in rocks. 

Calculation Procedures and Verification: The olivine crys-
tal grows as temperature decreases. Fe-Mg zoning forms by 
closed-system fractional crystallization as the olivine crystal 
grows. Fe-Mg diffusion takes place in the growing olivine crystal. 
By simulating the above processes, we compute the zoning pro-
file and determine the cooling rate (or burial depth) to obtain the 
best-fit profile to the observed one. We used the Fe-Mg interdif-
fusion coefficient of olivine reported by Misener [3] with oxy-
gen-fugacity variation extrapolated by Miyamoto et al. [4]. 

We have successfully verified our model by using experi-
mentally produced Fe-Mg zoning of olivine for analogs of Se-
markona (LL3.00) chondrules [5] and those of martian and lunar 
meteorites [6]. These results mean that our model can be of use 
for a wide variation of chemical compositions 

Results and Discussion: We applied this model to calculat-
ing the cooling rate (or burial depth) for olivines of type II por-
phyritic olivine chondrules in Semarkona and for olivines in mar-
tian and lunar meteorites. For example, the calculated cooling 
rates for Semarkona olivines show a wide range from 0.8 oC/h to 
2400 oC/h, and are different among chondrules. This result sug-
gests that each chondrule formed in different environmental con-
ditions and assembled in Semarkona after chondrule formation. 
Calculated cooling rates are broadly consistent with those deter-
mined in dynamic crystallization experiments (10-2000 oC/h) [2]. 
The lower limit of the calculated cooling rate, 0.8 oC/h, is about 
one order magnitude slower than experimental results (10 oC/h). 
Our model can be applied to estimating the cooling rate of oli-
vines in terrestrial rocks as well as extraterrestrial materials. 
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