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Introduction:  Presolar grains are tiny materials 

found in meteorites. Their isotopic compositions are dif-

ferent from those of materials in the Solar System [1]. 

Typical size distribution of presolar silicate grains 

ranges from 0.1 to 1 μm [1-5]. Presolar grains are 

thought to be originated from nearby stars (supernovae 

and/or asymptotic giant branch stars). It is suggested 

that such stars could generate grains of 0.1 - 1 μm and 

inject these grains into the interstellar medium [6, 7].   

The abundance of presolar grains in meterorites var-

ies: they are the most abundant in petrologic type 3 

chondrites and as the type number increases from 3 to 6, 

their abundances decreases [8]. Those type numbers 

come from the degree of thermal metamorphism which 

meteorites experienced in their parent bodies. This indi-

cates that presolar grain abundance might be related to 

the thermal history of parent bodies of their host mete-

orites. Atomic diffusion possibly occurs even in type 3 

chondrites. If the diffusion process affected the compo-

sition of presolar grains while they were embedded in 

the parent bodies, the original information of their iso-

topes might be eliminated. Then, we cannot identify 

such grains as presolar grains anymore. We explore the 

possibility that the diffusion process in thermally evolv-

ing planetesimals, parent bodies of meteorites, can wash 

out the isotopic composition of presolar silicate grains. 

Methods:  We compute the diffusion length of oxy-

gen in presolar silicate grains using a diffusion coeffi-

cient of 18O in olivine [9]. The diffusion coefficient (D) 

depends on temperature. Thus, we simultaneously cal-

culate the thermal evolution of planetesimals and the 

diffusion length of 18O . The model of thermally evolv-

ing planetesimals is based on our previous work [10]: 

we assume that the decay energy of short-lived radionu-

clide (26Al) is a main heating source in spherically-sym-

metric planetesimals and numerically solve a heat con-

duction equation. We simulate several planetesimals 

changing their radius and formation time. A diffusion 

length of 18O in olivine grains is calculated at each time 

step (dL2 = D(T)dt). We evaluate the cumulated diffu-

sion length through the thermal evolution of planetesi-

mals (L2 = ΣtimedL2).  

Results:  We show the numerical results of temper-

ature evolutions at the center of planetesimals and the 

corresponding evolutions of the diffusion lengths: Fig-

ure 1 shows that as temperature increases, the diffusion 

length  increases. It also indicates that when the temper-

ature decreases, the diffusion length keeps its value. 

  
Figure 1. Temperature at the center of planetesimals 

(dashed lines with left axes) and the cumulated diffusion 

lengths of 18O (solid lines with right axes) are shown as 

a function of time after CAI formation. Each panel de-

scribes the result from a planetesimal with a radius of 

(a) 50 km formed at 2.4 Myr after CAI formation, (b) 50 

km and (c) 100 km formed at 1.9 Myr after CAI for-

mation. 
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This arises because we evaluate the cumulated diffusion 

length and that length does not decrease. The diffusion 

length of earlier formed planetesimals (1.9 Myr after 

CAIs, Fig. 1 (b)) is longer than that of later formed ones 

(2.4 Myr after CAIs, Fig. 1 (a)). The earlier formed 

planetesimals can have more abundant 26Al (half-life is 

0.72 Myr) and reach a higher maximum temperature 

than later formed ones. When the radius of planetesi-

mals is larger, the maximum temperature does not be-

come much higher (see Fig. 1 (b) and (c)). This means 

that the formation time of planetesimal is more effective 

on their maximum temperature, hence the diffusion 

length. However, the diffusion length of larger planetes-

imals is a little longer than smaller ones. This is because 

larger planetesimals can keep the maximum tempera-

ture for longer times than smaller ones. 

We find that the maximum temperature of planetes-

imals governs the diffusion length of 18O. The diffusion 

length can be analytically described by using the diffu-

sion coefficient at the maximum temperature (L2 = 

D(Tmax)dtmax). Figure 2 shows the results of diffusion 

length from the numerical calculations and the analyti-

cal one as a function of the maximum temperature. We 

adopt dtmax of 1 Myr, which is a duration time for 50 

km-sized planetesimals. The maximum temperature is 

lower for a larger radius of the planetesimals: the long-

est diffusion length can be achieved at the center of the 

body. The analytic formula reproduces the numerical re-

sults very well, regardless of radii and formation times 

of planetesimals. Thus, this indicates that the maximum 

temperature would be an index to examine the diffusion 

length. 

Discussion:  We compare our results of diffusion 

lengths with the measured size of presolar silicate grains. 

Symbols with bars in Fig. 2 are the sizes of presolar sil-

icate grains in types 1-2 and type 3 chondrites with the 

estimated peak metamorphic temperatures [1-5, 11-13]. 

Our results indicate that presolar silicate grains which 

are smaller than 0.03 μm cannot keep their original iso-

topic compositions when the planetesimals reach the 

maximum temperature of 600 oC. This implies that the 

isotopic diffusion process can regulate the size of pre-

solar silicate grains even in type 3 chondrites; the iso-

topes of presolar grains that were originally smaller than 

0.03 μm can be washed out by the atomic diffusion there. 

When the planetesimals achieved around 150 oC, which 

is the peak temperature of types 1-2, the diffusion 

lengths become extremely short. If presolar grains ini-

tially range from 0.001 μm to 0.3 μm and their size dis-

tribution is similar to that of interstellar dust [14], they 

can keep their original isotopes in types 1-2 chondrites. 

On the other hand, when the peak temperature is higher 

than 700 oC, such as types 4-6, the expected diffusion 

length is longer than 0.3 μm. In this case, the original 

isotopic information of presolar grains can be almost 

completely lost. Types 1-2 and 4-6 experienced aqueous 

alteration and thermal metamorphism, respectively, 

which could explain their presolar grain abundances. 

These processes, however, are ineffective for type 3. 

The diffusion process could account for the abundances 

and size distribution of presolar grains in type 3 chon-

drites. This process also can explain the abundance dif-

ference of presolar grains between type 3 chondrites and 

inter planetary dust particles [15-17]. In conclusion, we 

propose that the diffusion process could be a key to reg-

ulating the size distribution and abundance of presolar 

grain in thermally evolving planetesimals.  
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Figure 2: Diffusion lengths are shown as a function 

of maximum temperature. Solid line denotes the analyt-

ical result and dashed/dotted ones are for the numerical 

ones. Symbols with bars plot the size ranges of presolar 

silicate grains and the peak metamorphic temperature of 

their host meteorites: the type 3 chondrite is denoted by 

green-circle and types 1-2 by black-triangle. The ex-

pected peak temperature of  types 4-6 is denoted by ver-

tical line with a arrow. 
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