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INTRODUCTION. Despite the presence of "exotic" components in 
meteorites, it is commonly believed that the gas phase of the solar nebula is well- 
mixed. This may be a reasonable assumption within a spatially-limited region 
(e.g. the region of terrestrial planet and meteorite parent body formation) but it is 
probably not a good approximation for most of the mass of the nebula (i.e., 
Jupiter and beyond). Imperfect mixing is a very important issue for the 
composition of the giant planets and possibly their satellites. For example, the 
source material for Jupiter may have been affected by thermochemistry and FIT' 
(Fischer-Tropsch type [I]) reactions while the source material for Uranus may 
inherit an interstellar medium signature. Since these sources would have 
different amounts of CO (relative to total carbon), they would have different 
icelrock ratios. This also influences the questions of comet composition and 
place of origin. I show here that imperfect mixing is demanded by currently 
favored (accretion disk) models of the solar nebula, irrespective of particular 
numerical choices of poorly known parameters such as viscosity. The reason 
why the conclusion is qualitatively robust is that the mixing process (eddy 
diffusion) is also the process that redistributes angular momentum and sets up 
net (advective) flows in the disk. increasing the v~scosity does not improve 
mixing in the disk because it increases the ~nflow and reduces the disk lifetime. 

STEADY-STATE MODELS. The simplest accretion disk model is one in 
which we envisage adding most of the mass to outer regions of the disk, and 
setting up a steady advective inflow (e.g., Morfill's models [2]). Under these 
circumstances, one can ask the following question: To what extent is the 
speciation at some large radius R2 affected by chemistry at some small radius R1. 
For example, suppose CO is added at R2 and hydro enated by l7T at R1: What 
fraction of the hydrogenation product (organics, C H ~ ~  can diffuse back out to 
large distances? If we measure the radii in units of the angular-momentum 
averaged disk "radius" (plausibly 50 AU) and define the radius of observation as 
Ro < R2 then here are the fractional levels of contamination by high-temperature 
processing at R1 that one would observe at Ro 

R 1 Ro Fractional Contamination 

This shows that most of the mass of the disk is not contaminated by high- 
temperature processing near the disk center. This is different from the 
assumption made by Lewis and Prinn [3]. 

TIME-DEPENDENT MODELS. If we suppose, instead, that accretion has 
ceased and the disk continues to evolve according to some viscosity prescription, 
then we can calculate the time-dependent behavior. This is complicated in 
general, but error function-like solutions for the diffusion of contaminants are 
possible for- simple limiting cases constant surface density and viscosity). These 
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solutions show that mixing across the inner part of the nebula out to - 5 AU is 
possible, homogenizing the zone of terrestrial planet and (presumably) meteorite 
parent body formation. However, chemistry or initial homogeneity at 1 AU does 
not contaminate the material at 20 AU and beyond. Detailed conclusions for the 
quantitative level of mixing have been obtained but are not reliable because they 
are assumption-dependent. Provided the nebula was an accretion/viscous disk, 
the main qualitative conclusions are unaltered, however. 

IMPLICATIONS. Lewis and Prinn [3] suggested that gas-phase speciation 
in the outer solar system was determined by thermochemistry in the inner-solar 
system, accompanied by quenching and kinetic inhibition (see also Prinn and 
Fegley [4]). The calculations described here indicate that the speciation beyond 
5-1 0 AU is determined by the interstellar medium together with local non-thermal 
processing (e.g., the accretion shock). This increases the likelihood that an 
interstellar signature prevails in the source material for Saturn and beyond. On 
the other hand, mixing is efficient within 5 AU, perhaps allowing for the depletion 
of water from the terrestrial zone, and build-up of ice at the cold finger (T-l60K) 
where water condenses. This may help speed up the formation of Jupiter [5]. 
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