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How are the present atmospheres of the Earth, Venus, and Mars related to the earliest 
(primordial) atmospheres which surrounded these planets? Recent modeling of the accretion of the 
planets from a swarm of planetesimals orbiting the early sun demonstrates that smaller 
planetesimals gained specific kinetic energy at the expense of the larger planetesimals [I,  21. As a 
result, runaway impact accretion and growth occurred for marginally larger objects such that in 
-105 years some of the 1024 g objects grew to 1@6 g. Mutual impact of lunar and Mars size 
objects resulted in a series of "large body" impacts during the latter stages of accretion. Assuming 
the composition of the planetesimals are similar to the primitive meteorites, Lange and Ahrens [3] 
showed that after the Earth and Venus accreted to about 0.1 of their present mass, the volatiles 
(H20, C02, S02, NH3, CHq + noble gases) within the later impacting planetesimals became 
vaporized and produced the giant primordial atmospheres overlying a magma ocean [4] which 
remained during the completion of the accretion. The termination of the co-accretion of an 
atmosphere results from at least three different mechanisms: 

(1) As the accretion rate decreased, the impact energy flux at the base of the atmosphere 
decreased and gradually solar heating dominated over impact heating. Surface temperatures then 
declined below the melting point of hydrous basalt, water condenses and forms planetary oceans. 

(2) Atmospheric loss occurs via multiple impact erosion, where -100 - 1@ krn diameter 
planetesimals drove off -10-3 to -10-4 of the total atmosphere per event [5,6,7, 8,9, 101. 

Previously, Cameron [ l  11 and Ahrens [I23 considered some aspects of the effects of giant 
body impact on the Earth's atmosphere. To calculate the energy, and hence, approximate 
planetesimal size, such that upon impact the entire planetary atmosphere is blow off, I employ a 
different approach than previous efforts and consider a shock wave that is entirely propagated 
within a terrestrial planet as sketched in Fig. 1. 

A key calculation is to relate the particle velocity of the solid planet-atmosphere interface, 
uf,, antipodal to a major impact, to the atmospheric free-surface velocity, ve, which will result from 
being shocked first by the moving solid planet and then isentropically released into space upon 
reflection of the shock wave at the effective top of the atmosphere (Fig. 2). This results in gas 
speeds greater than the escape velocity. The shock-induced outward atmospheric velocity, u,, is 
given by:ue = lufsl + u,, where lufsl is the velocity of the planetary surface-atmosphere interface and 
u, is the additional velocity achieved by the atmosphere upon reflection of the shock at the top of 
the atmosphere as sketched in Fig. 2 [13]. When u, exceeds the planetary escape velocity, the 
atmosphere is considered blown-off. In a case of y = 1.1 to 1.3, antipodal outward rock velocities 
of 1.6 to 2.3 kdsec ,  1 to 2.5 kmlsec and 0.3 to 1.2 kmlsec for the Earth, Venus, and Mars are 
required for this atmospheric ejection. Here y is the polytropic exponent. What impact energies, 
Efs, will produce these outward rock velocities for the terrestrial planets? 

The strength of the shock-wave induced compressional wave which results upon 
propagation completely through planets with varying iron core sizes overlain by silicate mantles 
has been recently calculated for objects with core to planetary radius ratios of 0.33 and 0.47 [14]. 
Upon scaling Watts' calculation values of Efs = 6 to 18 x 1037 ergs are obtained for y = 1.1 and 
1.3 in the case of the Earth, respectively. This compares to -1037 ergs obtained earlier [12] using 
Hughes et al.'s [15]. calculation. For Venus, Efs = 2 to 12 x 1036 ergs and for Mars, Efs = 3 to 
57 x 1034 ergs are required for complete blow-off (Fig. 3). These energies correspond to impact 
of projectiles in the radius range of 1@ to 103 km. Impact energies corresponding to antipodal 
(Rayleigh) wave atmospheric excitation yield similar estimates of impact energies. It appears likely 
that the terrestrial planetary atmospheres were subjected to multiple partial to complete blow-offs 
and the present atmospheres represent the result of the last stages of accretion and possible 
subsequent endogenic modification. 
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Fig. 1. Sketch of a giant planetesimal impact the Fig. 2. Sketch of shock- and rarefaction wave-induced 
F..dL motion of atmosphere being driven by planetary free- 

surface velocity, ufs. Atmosphere geometry is 
approximated by a layer of scale height, H. (a) shock 
wave driven particle velocity, ufs. (b) increase of gas 
velocity to ufs + ur upon "reflection" of shock at the 
"top of atmosphere." 

Fig. 3. Calculated fraction of atmosphere blown-off 
versus impactor energy for Earth, Venus, and Mars. 
Lower and higher energy curves for each planet 
corresponds to assumed polytropic exponent of ideal 
gas of y = 1.1 and 1.3, respectively. 
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