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IMPACT EROSION OF ATMOSPHERES; A. M. Vickery, Lunar and Planetary 
Laboratory, The University of Arizona, Tucson, AZ, 85721 

It has been hypothesized for several years that sufficiently energetic impacts can results in the 
net loss of atmosphere from a planet. Previous models of the interaction between the impact 
generated vapor plume and the overlying atmosphere indicated that atmospheric erosion may 
have been important for the evolution of the Martian atmosphere and the atmosheres of the 
satellites of the giant planets, but was probably not effective on the earth or Venus [1,2,3]. By 
inverting these models, it was shown that impacts are capable of delivering sufficient volatiles to 
account for the earth's water inventory [4]. This abstract reports the results of the first detailed 
hydrocode study of the impact process with respect to atmospheric erosion. The first series of 
calculations was done for a hypothetical primitive 1-bar Martian atmosphere composed of C02. 
The results indicate that atmospheric erosion is less effective than predicted by the simplest 
analytic model [I], but is roughly comparable to that predicted by the more sophisticated sector 
mode1 [2]. 

The earliest model of impact erosion [5] considered only the transfer of momentum from 
the impactor to the atmosphere during the initial penetration of the atmosphere, and found that 
this mechanism cannot account for the loss of atmospheres from planets with escape velocities 
greater than -10 M s .  This treatment, however, neglects the role of the impact-generated vapor 
plume, which may contain a significant fraction of the total impact energy. The simplest 
treatment of the impact plumdatmosphere interaction is that of Melosh and Vickery 11, in which 6 the plume is treated as a hemisphere of highly shocked gas deposited at the ase of the 
atmosphere. It's momentum was then balanced against its own mass plus that of the overlying 
atmosphere; if the resulting velocity was greater than escape velocity, it was assumed that the 
atmosphere above a plane tangent to the planet was lost. Combining this model with estimates of 
the cratering flux on Mars as a function of time concluded that Mars could have been stripped of 
a -1-bar atmosphere by this means. 

This simple model implicitly assumed that the atmosphere over the expanding vapor 
plume is distributed isotropically with respect to zenith angle, whereas in real atmospheres, the 
mass is concentrated rather heavily toward 8 = 90" (the horizon), with the degree of 
concentration depending mostly on the ratio of scale height to planet radius (H/R). This 
anisotropy was taken into account [2] by dividing both the vapor plume and the overlying 
atmospheres into conical sectors based on zenith angle and doing the momentum balance 
separately for each sector. This type of model showed, not surprisingly, that atmsopheric erosion 
is less effecient than predicted by the earlier "isotropic" model. 

I here report the results of using the 2-D hydrodymic code CSQ to model the impact 
process, including the flight of the projectile through an exponential atmosphere as well as 
following the crater formation and vapor plume evolution. The atmosphere was modelled as 
pure C O ~ ,  an ideal gas with y = 4/3. - It is assumed to be isothermal ( 2 9 8 ~ ) ,  with a surface 
pressure of 1 bar. (Because all the early models indicate that atmospheric erosion is negligible 
on present-day Mars, a hypothetical primitive Martian atmosphere was used.) The inferred scale 
height of this atmosphere is approximately 15 km. Two runs have been completed, one for a 10 
km diameter projectile and one with a 20 km diameter projectile. Both were dunite spheres, with 
an impact velocity of 15 M s .  For the smaller impactor, the isotropic model predicts no 
atmospheric loss and the sector model predicts negligible loss (-0.03% MQ. where MQ is the 
mass of atmosphere lying above the tangent plane). The hydrocode results show that no material, 
either plume or atmosphere, has a final velocity greater than escape velocity. For the larger 
impactor, the isotropic model predicts complete removal of the atmosphere above the tangent 
plane, and the sector model predicts loss for zenith angles between 0" and 43" (Miost r 0.4% 
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MQ). The hydrocode results, carried out until the top of the plume reached 5 scale heights, 
indicated atmospheric erosion for zenith angles less than about 30' (Mlosts 0.1% Mtp). 

The numerical results are much more consistent with the sector model results than with 
those of the isotropic model because both the former take into account the anisotropy of eke 
atmosphere. The numerical results differ from those of the sector model primarily because the 
upraised lip of the growing crater funnels the vapor plume upward, whereas in the sector model, 
it was assumed that the vapor was free to expand along the target surface. 
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