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Impact Events and t h e  Erosion of Planetary Atmospheres: 

Some Surprising Results from Theory and Simulation 
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Cometary impacts have a profound role on the 
evolution of planetary atmospheres [2], either enrich- 
ing the volatile content of the atmosphere or possibly 
eroding it. Simple dimensional scaling arguments [8] 
suggest that the atmospheric blast wave produced by 
the impact event would have a shock radius R, that 
varied as 
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where E is the energy introduced into an uniform at- 
mosphere with density po. This scaling accurately 
describes atmospheric explosions and the expansion 
of a thin hemispherical shell of atmospheric gas. For 
impact events, this scaling breaks down due to two 
physical causes: (a) the shock radius R, exceeds the 
atmospheric scale height H, or (b) the mass of va- 
porized bolide and target material M substantially 
exceeds the mass of swept up atmospheric gas. 

Vickery and Melosh [7] considered a Marssized 
impactor colliding with a terrestrial planet and rec- 
ognized that the mass of the impactor dominates the 
physics. Accordingly, they utilized a model [6] for 
an explosion and subsequent release of "gas" into a 
vacuum, a shock-free situation, and later adapted to 
astrophysical environments [8]. Vickery and Melosh 
suggested that very large impact events might push 
away all atmospheric gas that was present above a 
plane tangent to the impact point. In so doing, Vick- 
ery and Melosh introduced the important concept of 
"hemispherical blowoff" and the potential for "atmo- 
spheric erosion." The Vickery and Melosh model, 
however, did not address the details of the flow from 
a typical cometary impact event, such as that char- 
acterized by the K-T event (5 x 1030 erg and 1019 g). 
The interaction of the vaporized bolideltarget mate- 
rial with the surrounding atmosphere will necessarily 
produce an enveloping shock which could influence 
the evolving flow. 

A natural question which then arises is to what 
extent does the atmosphere and the shock wave im- 
pede the outflow from K-T magnitude impact events 
and do such events ultimately enhance or diminish 
the inventory of volatiles in a planetary atmosphere. 

We have focused our investigation on the evolu- 
tion of the atmospheric blast waves produced by a 
K-T sized impact on a terrestrial planet. We began 
by extending the mathematical analysis due to Kom- 
paneets [5] for a localized massless explosion in an 
isothermal atmosphere, and explored the response of 

an adiabatic atmosphere as well as Earth and Venus 
model atmospheres to a 5 x lo3" erg event. A prin- 
cipal outcome is that the blast waves will not spread 
laterally by more than T times the scale height, a p  
proximately 3 0  km for the Earth, the result of the 
upward diversion of the expanding blast into the di- 
rection of least resistance. This effect was first noted 
in the simulations due to Jones and Kodis [4]., Further 
extension of the analytic methods [3] provides exact 
particle trajectories, which we show in Fig. 1, and 
the prediction that very little material would escape 
from the planet. Details from the theory also im- 
plied that the effect of the vapor cloud would not be 
substantial unless it exceeded the atmospheric mass 
above a tangent hemisphere, which for the Earth is 
3 x lo1* g, by several orders of magnitude! The only 
way to adequately resolve this question was to employ 
an accurate hydrodynamic code designed to simulate 
energetic gas dynamic explosions in atmospheric en- 
vironments. 
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Figure 1.  Solid ellipsoidal lines describe expansion 
of blast into enveloping isothermal atmosphere [5]. 
Heavy paraboloidal line describes shock at late time. 
Light dashed lines, orthogonal to ellipsoidal contours, 
describe the analytic particle trajectories, showing lit- 
tle material eroded from the atmosphere. Heavy hor- 
izontal dashed line describes ground, for impacts on 
terrestrial planet surface, with light solid and dashed 
lines below describing expansion of shock and trajec- 
tory of particles below the point of explosion relevant 
to comet impact onto a major planet. 
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We employed Los Alamos' CAVEAT, a high ac- In Fig. 3, we show what fraction of vapor cloud 
curacy hybrid Eulerian-Lagrangian finite difference (and atmosphere) escapes as a function of time for 
code for flow problems with large distortion and inter- two different initial partitionings of energy, a situation 
nal slip [I]. Extensive convergence tests demonstrated where all of the initial energy is in thermal form and 
the reliability of the results. We performed many sim- where 112 of the initial energy is in upward directed 
ulations with differing initial configurations, and a va- motion. The total amount of gas which escapes, ex- 
por cloud with 10'' g, commensurate with that asso- pressed as a fraction of the initial bolide mass, con- 
ciated with a K-T size event. (The long-term behavior verges exponentially to a value ranging between 4% 
of the flow did not depend sensitively upon the initial and 7%, which bracket a reasonable range of possible 
placement of the vapor cloud.) A representative case, initial distributions. Smaller impact events, unlike 
initialized with a 8 km high x 10 km radius pillbox, is the Mars-sized impactors considered by Vickery and 
described in Fig. 2. The hydrocode results for a K-T Melosh, remain a major source of volatiles to young 
sized event are described much more closely by our planetary environments such as that of the Earth. 
analytic theory than the Vickery and Melcsh massive 
impactor model and shows the scale height's influence 
on regulating the evolution of the gas dynamic shock, 
notably the asymmetry in the vertical direction, p r e  
ducing a "fountain-like" display (of great importance 
to the K-T event's climatic influence). Importantly, 
the fast-moving gas in the simulation exists only at  
very rarefied altitudes, and very little gas escapes, 
showing that moderate events remain an important 
source of volatiles, unlike Mars-sized Earth impactors 
of Vickery and Melosh. 

Figure 3. Mass eroded during cloud evolution relative 
to bolide mass. 
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Figure 2. Vector plot showing velocity vectors 
10 s after K-T sized impact on Earth using the hy- 
drocode (left panel) and Vickery and Melosh model 
(right panel). Escape velocity is 11.2 km/sec; the 
maximal velocity obtained in the simulation was 76 
km/sec, and the arrows in both panels are scaled ac- 
cording to this maximum (shown in vertical axis la- 
bel). Maximal velocity in Vickery and Melosh model 
is 18.3 km/sec, and corresponds to the denser altitude 
regime. Solid lines employed in both panels identify 
the hyper-escape velocity flow regimes in the simula- 
tion and Vickery and Melosh model. 
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