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Introduction:  Protoplanetary disk is a dynamic 

system where gas and dust accrete inward to form a 
protostar and viscous turbulence transports materials 
outward, which has been proved by the finding of 
fragments of CAIs and chondrules in commentary dust 
by the Stardust mission [1]. The outward and inward 
transports of materials are, however, poorly investigat-
ed with relationship to meteoritic, commentary, or IDP 
observations due mainly to the limitation in the stand-
ard Protoplanetary disk models. 

In order to link physics and chemistry in the early 
stage of Protoplanetary disk, a disk model that is able 
to show temperature and pressure change as a function 
of heliocentric distance and time with special link to 
material transport is crucial. Ciesla [2-5] developed a 
model with the Euler method that traces grains moving 
around the disk of which distance-temperature-
pressure conditions are traceable.  We have evaluated 
the evolution of composition of the disk as a function 
time and space, which can be regarded as source com-
positions of planetesimals by using Ciesla’s model. A 
special interest is the change of composition of plane-
tesimals with time and space originated by different 
advection and diffusion effects. 

Model:  The model is an advection and diffusion 
equation, where the flux or materials are described as a 
summation of advective transport and diffusive 
transport. The diffusion term is due to viscous convec-
tion, and the position of a grain at the next step is de-
scribed by diffusion coefficient that is derived y the 
Monte Carlo calculation, which is proved to be correct 
for stochastic calculations. Details are shown in [2]. 

We assume that the disk is at a steady sate (viscosi-
ty constant) and the temperature and surface density 
are shown as a square root and inverse relation to the 
heliocentric distance, respectively. Grains are 1um in 
size being totally coupled with gas in the present mod-
el, and therefore, the absolute abundance of grains as a 
function of heliocentric distance is calculated from the 
surface density. The initial condition is that105 grains 
are distributed in each 13 bins of heliocentric distance 
from 0.05 to 100 AU. We have traced the trajectory of 
13x106 grains for 106 years, and obtained the constitu-
ent grains as a function of heliocentric distance and 
time.  Coagulation of grains and formation of planetes-
imals are neglected in the model, and the composition 
of a region is assumed to represent the composition of 
planetesimals. 

Results and discussions:  As a whole, grains are 
transported inward with time, which is a matter of 
course, but a considerable amount of grains are trans-
ported outward.  Figures show the fraction of constitu-
ent grains, were the grains are grouped by their initial 
positions. It is striking that the materials in the inner 
solar region originated mostly from inner regions for 
their positions at 105 years, but are mostly from the 
outer regions at 106 years.  The materials from the 
outer regions are scarcely heated to high temperatures, 
and the primitive compositions are preserved, whereas, 
materials from the inner regions are more or less ther-
mally cooked and some of them are heated to tempera-
ture above 1000K. They should have lost volatiles and 
become rich in refractory components. This is con-
sistent with observation that the early-formed planetes-
imals have heated to high temperature due to inclusion 
of 26Al and experienced core/mantle differentiation.  In 
summary, the present work strongly suggests that the 
composition of planetesimals varies largely depending 
on its formation age as a result of disk evolution. 
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