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ANALYSIS OF CHEMICAL ZONING IN ISOLATED AND CHONDRULE 
OLIVINES IN THE YAMATO 791717 C03 CARBONACEOUS CHONDRITE: 
FRACTIONAL CRYSTALLIZATION OR ATOMIC DIFFUSION ? 
H. Kaiden, T. Mikouchi, K. Nomura, and M. Miyamoto, Mineralogical Institute, Graduate 
School of Science, University of Tokyo, Hongo, Tokyo 113! Japan. 

Chemical zoning of isolated and chondrule olivine grains in Yamato(Y) 791717(C03) has 
been investigated by applying alternative models: fractional crystallization and atomic diffusion. 
It was shown that  diffusive modification is the dominant factor controlling patterns of chemical 
zoning in both olivines. From a comparison of cooling rates, it may be concluded that isolated 
olivines were originated from chondrules. Chemical zoning also suges t s  that  this meteorite has 
a thermally metamorphic history. 

IATTRODUCTIOAJ: The relationship between isolated and chondrule olivine grains in car- 
bonaceous chondrites is of considerable concern because it may provide information on the 
early evolution of primitive solar nebular or parent bodies. Two different scenarios have been 
proposed in which isolated olivine grains may have originated (1) by direct condensation from 
the nebular gas, and (2) by fragmentation of chondrules [I]. For the C 0 3  chondrites, some 
investigators consider that  isolated olivine grains were derived from chondrules mainly on the 
basis of similarity in chemical zoning profiles between both olivine grains [I]. In this study, we 
analyzed detailed chemical zoning of minor elements, mainly the CaO contents as well as Fa 
components of olivine grains in Y791717(C03) to give further constraints on the origin of both 
olivine grains. 

EXPERIMENT and CALCULATION: We measured chemical zoning profiles of isolated and 
chondrule olivine grains in Y791717 by an electron probe microanalyzer. We assumed two mod- 
els for analyzing chemical zoning: fractional crystallization [2,3] and diffusive modification [4,5]. 

Fractional crystallization: We performed Rayleigh fractionation calculation assuming a closed- 
system until the calculated atomic Fe/Mg ratio and CaO content fitted the observed ones a t  
the edge of the grain. Then values of fraction of remaining liquid were converted into the cor- 
responding distance from the core. The distribution coefficients (minerallliquid) used in this 
calculation were 0.35 for Fe/Mg [6] and 0.05 for CaO 121. 

Diffusive modification: We also solved the diffusion equation assuming that the compositional 
gradients of the Fa components and CaO contents of isolated and chondrule olivine grains are 
controlled by atomic diffusion and that  initial profiles are uniform. The diffusion coefficients 
employed in this study were taken from Buening and Buseck [7] for Fe and Jurewicz and Watson 
[8] for Ca. To assume various conditions of diffusive modification of zoning, we calculated four 
different temperature sequences (1500 - 1000 "C, 1200 - 500 "C, 800 - 300 "C: and 500 - 100 "C). 

RESULTS and DISCUSSIONS: The observed and calculated zoning profiles are shown in 
Fig. l a ,  lb ,  l c  and Id.  

Fractional c~ystallization: The calculated zoning profile of the CaO content in the isolated 
olivine grain agrees with the observed one, whereas we obtained poor agreement for the atomic 
FeO/MgO ratio (Fig. l a ) .  We also obtained poor agreement for the atomic FeO/MgO ratio of 
the chondrule olivine grain (Fig. l b ) .  I t  was impossible to  reproduce the shapes of the observed 
zoning profiles of the chondrule olivine grain by calculating Rayleigh equation, because the 
value of distribution coefficient for CaO is <1.0. The CaO content we measured decreases with 
increasing the distance from the core, although some olivine grains show an increase of the CaO 
content at the rim [1,9]. 

Diffusive modification: The calculated zoning profiles are in good agreement with the observed 
ones for both olivines (Fig. l c , l d ) .  In both olivines, MnO shows positive correlation with the 
Fa component. Cr203 is also slightly increasing from core to rim. All these profiles can be 
interpreted to  be produced by atomic diffusion. 
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Cooling rates estimated by the Fa component and by the CaO content are similar between 
both olivines (Table 1).  These results show that  the isolated and chondrule olivines have similar 
cooling histories. This similarity supports the hypothesis that  isolated olivines may be the 
fragments of chondrule olivines. The difference in the cooling rates between the Fa component 
and CaO content is mainly due to experimental uncertainty measuring diffusion coefficient. Our 
results also suggest tha t  chemical zoning of the Fa component and CaO content of isolated and 
chondrule olivines in Y791717 is controlled by diffusive modification of primary atomic zoning 
and that  this meteorite was thermally metamorphosed [lo]. 
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Table 1. Calculated cooling rates (%/year) of isolated and chondrule olivines 
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Fig. 1. Calculated (solid line) and observed (circle) zoning profiles of Y791717 isolated and chondrule 
olivines. (a,b) Calculated by fractional crystallization. (c,d) Calculated by diffusive modification from 
800 "C to 300 "C. 

0 

- (b) 0 

- 0 

0 

- 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

- 

- 


