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It is well known that Mercury has an anomalously high uncompressed density (-5.3 g/cm3). 
Benz et.al. (1988) argued that this high density might result from a giant impact of Mercury with a 
large planetesimal in early Solar System history. They investigated the detailed circumstances that 
would allow formation of a planet with Mercury's present characteristics from such an impact. 
The success of this scenario d e ~ n d s  critically upon the fate of the material ejected into Mercury- 
crossing orbits. Unless most Clf the material ejected from Mercury is removed from the Solar 
System, no net change in Mercury's Fe/Si ratio can occur. Because of its position as the innermost 
planet of the Solar System, Mercury has the ability to eject material from the Solar System without 
substantial reaccretion. Our Monte-Carlo orbital simulation reported here shows that -90% of 
material ejected into interplanetary space from Mercury by a meteorite impact is subsequently 
ejected from the Solar System itself. This ejection is due to the cumulative effects of Mercury 
perturbations. Our calculations also show that the other terrestrial planets do not have this ability. 

Our method of calculation is based on the two-body approximation of b i k  (1976). A brief 
description of the method, the algorithm, and other results have been previously reported (Finney 
et al., 1989; Tonks and Melosh, 1989). A detailed description is forthcoming (Tonks and Melosh, - 
1990). This approach provides a statistical treatment of the orbital evolution of interplanetary 
material and is essentially the same approach that has been taken by Wetherill over many years in 
the study of meteorite dynamics (see Wetherill and Chapman, 1988 for a list of references). The 
code requires the input of the orbital elements of an arbitrary group of particles in interplanetary 
space. To obtain such a group of particles, an auxiliary program calculates the orbital elements of a 
set of particles ejected from a particular planet. This program assumes that particles are ejected 
from the planet in random directions in a reference frame at rest with respect to the planet. Each 
particle is given a specified post-escape ejection speed (vJ. 

The present version of the code includes evaluation of the Tisserand criterion (see e.g. 
Moulton, 1914) as a check of the coordinate transformations rformed in the code as well as the 
inherent error produced by the two-body approximation of 8'= pik. This criterion is a conserved 
quantity in the restricted 3 body problem. It would not be strictly conserved due to 3 body effects 
not accounted for in the Opik formulation and due to the eccentricities of the planets (especially 
highly eccentric Mercury). However, changes in the criterion should be small. Most perturbations 
in our calculation produced changes of <2%. There were a few perturbations by Mercury that 
produced changes of 10-15%. These larger changes occurred when the eccentricity was very high, 
>0.9. However, large 3 body effects would be expected at these high eccentricities. Because the 
Tisserand criterion is conserved to within a few percent, we have confidence that the basic 
approach is sound and that the necessary coordinate transformations are correct. 

We have extended the application of this model to study the fate of material ejected into 
interplanetary space from each of the terrestrial planets. We performed 3 runs of ejecta from each 
of the terrestrial planets. Each run consisted of 5000 particles and assumed post-escape velocities 
of 0.25, 2, and 5 krnlsec. These represent a large spectrum of possible speeds from a giant 
impact. Additionally, we performed runs at post-escape ejection speeds 0.25 and 2 krnlsec for 
ejecta from a hypothetical planet the size and density of Earth, but at the orbit of Mercury. The rest 
of the Solar System was kept as at present. Figures 1 and 2 summarize the results of the runs. 
The ejecta's source planet is plotted on the horizontal axis. The vertical axes show the percentage 
of that ejecta which is either ejected from the Solar System or that impacts Solar System bodies. 
Figure 1 shows that particles ejected from Mercury are subsequently ejected from the Solar System 
much more readily than ejecta from the other planets. Only about 10% eventually impact other 
planets. Detailed examination of the fate of this material shows that Mercury itself only retains 
some 5-7%. Additionally, Mercury readily ejects material from the other planets from the Solar 
System The other terrestrial planets retain a much higher percentage of their own ejecta as well as 
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ejecta from the other planets. The other 
terrestrial planets are very poor at ejecting 

summary-planetary Impacts material from the Solar System. The 
20- material from these planets that is lost from 

the Solar System is ejected almost 
exclusively by Jupiter or Mercury. 

The two runs using the hypothetical 
planet with the size and density of the Earth 
show the same basic result. Over 90% of 
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ejecta from this planet is removed from the - 0 s -  Solar System at both ejection speeds. This 
----• 2*rJut planet is slightly more efficient at sweeping --.- S~ up its own material than is Mercury but the 

a .  - difference is not striking. The reason for 

2 j f EI- sour- 
E this remarkable effect is probably due to the 
1 relatively high probability of interacting 

with Mercury once a particle is in a 
Mercury crossing orbit coupled with the 

Figure 1 : Summary of Ejections following feature of celestial mechanics. 
The probability of interaction per unit time 

is inversely proportional to the semimajor axes of planets whose orbit the particle crosses (Arnold, 
1965). Thus, if a particle becomes Mercury-crossing, it will have a comparatively high probability 
of interacting with Mercury. Celestial mechanics requires that a particle perturbed at perihelion will 
have a change in its aphelion and eccentricity, but not in its perihelion. As particles from Mercury 
are perturbed into orbits with higher eccentricities, they will cross Mercury's orbit near their 
perihelia. The perihelia of this ejecta remain relatively constant while perturbations increase their 
eccentricities and aphelia until the eccentricity goes to 1 and the particle is ejected from the Solar 
System. The same effect is true of ejecta from other planets. Mercury's position as the innermost 
planet insures that it is near the perihelion of all particles coming from farther out that cross its 
orbit. These particles do not begin crossing Mercury's orbit until their eccentricities is relatively 
high. Mercury perturbations further increase the eccentricities and aphelia but leave the perihelia 
relatively constant. Particles that are not swept up eventually have their eccentricities pumped up to 
1 and are ejected from the Solar System. Particles are rarely ejected by a single interaction with 
Mercury. Ejection is a consequence of the cumulative effect of a large number of perturbations 
near a particle's perihelion. 

These calculations show that Mercury has the unique ability to eject its own material without 
significant reaccretion. Indeed, if Mercury's anomalous density was created by a giant impact as 
argued by Benz et al., our calculations indicate that the vast majority of the material would be 
removed from the Solar System. Our calculations thus significantly strengthen the plausibility of 
this scenario as an explanation the planet's anomalous density. The calculations also permit 
depletion of Mercury's mantle by a large number of smaller collisions: the innermost planet is 
uniquely vulerable to such loss. The general features observed with Mercury should be likewise 
be seen in the satellite systems of the outer planets. We will look at the evolution of ejecta from the 
outer satellites in the near future. 
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