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Implantation of the ancient solar wind is considered to be volatiles sources of Venus 
[I] and gas-rich meteorites [2]. After dissipation of the primordial solar nebula, though 
primary dust was dragged away with nebular gas, new dust grains were formed by plan- 
etesmal collisions; these grains as well as planetesimals captured the intense solar wind 
at the T Tauri stage. If the target grains accreted onto parent bodies or planets without 
losing implanted species, the trapped gas may have affected the volatile composition of 
meteorites or planets. 

36Ar abundance (1.5 x 1016kg) in the Venusian atmosphere is 70 times as large as that 
in the Earth. If Kr/Ar on Venus is solar as Pioneer data suggested [3], the Ar enrichment 
is explained by the addition of solar-type gas to Venus, though Ne deficiency problem 
remains. Shimizu [4] considered the capture of a primordial solar-type atmosphere, whereas 
Wetherill [I] supposed the accretion of planetesimals or fragments which have trapped the 
solar-type gases by solar-wind implantation. 

Wetherill [I] stated that the implantation occurred just at the inner edge of the disk 
of a planetesimal swarm, assuming constant disk thickness; the solar wind could not enter 
the region distant from the sun. Venus should have gathered materials of the innermost 
irradiated edge and captured significant amount of 36Ar. This implicitly assumed outward 
transport of gas-implanted materials or a smaller abundance of them inside the Venusian 
region. But these are not assured in the formation of planets. 

We take into account the vertical distribution of the flux-absorbing materials. Actu- 
ally the assumption of constant disk thickness is not assured. The vertical distribution 
of dust grains is controlled by orbital inclinations or random velocity of dust-producing 
planetesimals, which could be largely suppressed in the nebular gas owing to increase in 
gas drag [5]; the thickness of the dust cloud might increase with the distance from the 
sun. To investigate the effect of the vertical structure of the dust cloud on solar wind 
implantation, we at first calculate the case where orbital inclination of dust is constant. 

We assumed that the dust disk is axisymmetric and the spatial density distribution of 
dust is expressed in a form: pdUst(a, z )  = 5.85 x f ( a / lAU) -qe~~( - ( z / i~ )~}  kg m-3 
where a and z are distances from the sun and the disk midplane, respectively. f is mass 
abundance of dusts relative to the total solid materials; the above is consistent with the 
initial distribution of solid materials when f is unity and q is 2.75. i is the mean orbital 
inclination of grains. The inner boundary of the disk, determined by dust evaporation, is 
set to be O.1AU. The implanted Ar was retained without loss and captured by a planet. 
Using the diffusion coefficient in Si02 [6], diffusion time through 1 x 1OW5m thickness 
is 3 x 10gyr for Ar and I x 10e3yr for Ne at 330K. Contrary to Ar, Ne diffused out of 
implanted grains and like E-chondrite [7] this would cause planetary-like Ne/Ar in Venus. 

We calculated the solar wind penetration into a dust swarm is in an analogy of light 
extinction. Figure shows the vertically integrated amount of trapped 36Ar between 0.65 
and 0.75AU. We assume that the product of the solar wind enhancement factor cr and 
the duration of the intense solar wind T is 1 x 10gyr (e.g., a is 100 and T is 107yr). The 
present solar wind flux at the Earth's region is 9.0 x 1011m-2s-1 and the relative solar 
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abundance of 36Ar to hydrogen atom is 3.22 x So long as f /d > 1 x the present 
36Ar amount on Venus, expressed by the dashed line, is explained. When f /d 5 0.1, the 
flux can penetrate into the deep planetary region, but wind particles are not trapped 
efficiently since effective target area for implantation is reduced; the total trapped amount 
of 36Ar diminishes with decreasing f ld .  But when f /d 2 1, increase in opacity is canceled 
by a change of gas-trapping region toward the off-disk direction and the total trapped 
amount is not greatly decreased. Therefore off-disk trapping of the solar wind should 
play an efficient role in the origin of Venusian Ar. ~ssuming mass distribution of dust 
n(m)dm rn m-l1I6dm, dust size d can be replaced by J-. If the mass distribution 
was continuous from fine dust to planets, we have f /d  N 1 taking dm,, for 10~-10'm and 
dmi, for 10-~-10-~m (submicron dust being scavenged by Poynting- Robertson effect). 

Off-disk implantation also explains the present difference of 36Ar abundance between 
Venus and the Earth [8]. The formation theory of planets predicts earlier growth of Venus 
than the Earth, and th; larger proto-Venus scattered ambient planetesimals gravitationally 
and enhanced their mean orbital inclination. As a result, i of the dust cloud became larger 
in the Venusian region. Assuming that i in Venusian region is 5 times larger, the trapped 
36Ar a m ~ u n t  on Venus becomes far larger than that on the Earth, and when f /d 2 1 the 
present difference in Ar abundance between Venus and the Earth is explained. Suppose 
that gravitational scattering by Jupiter should enhance the inclination of meteorite parent 
bodies, captured amount of the solar gas would be also larger in the asteroid region. This 
is preferable for the origin of gas-rich meteorites. 

We also estimated cases where orbital in- 
clination i is variable in proportion to a-'. 
When s 5 -2.5 and f /d > 5, we have solu- 
tions that can explain difference 36Ar between 
Venus and the Earth without assuming more 
sophisticated distribution of i. 
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