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Introduction:  
The origin of the Martian moons, Deimos and 

Phobos, is currently not well understood. Theories for 
their formation include hypotheses that they formed 
along with the formation of Mars, that they were 
formed in place after the formation of Mars, or that 
they were asteroids that were captured by Mars [1]. 

In a previous paper, I had put forth an argument 
that the moons of Mars could have been captured from 
the dissociation of binary asteroids during a close 
encounter with Mars [2]. As has been pointed out by 
others [3-7], the binary asteroid dissociation 
mechanism can be applied to the capture of other 
irregular moons. Tsui [8] details the mathematical 
basis of the capture. 

Although this capture mechanism is plausible for 
moons in irregular orbits, in the case of the Martian 
moons two additional features of the orbits need to be 
addressed for any capture hypothesis: 

1. The orbits of the Martian moons have low 
eccentricity. The eccentricities are of 0.015 and 
0.0003, for Phobos and Deimos respectively 

2. The orbits of the Martian moons are nearly 
equatorial, with Phobos and Deimos having 
inclinations to the Martian equator of 1.093° and 0.93° 
respectively. 

The initial capture of one member of a binary 
asteroid pair would result in a moon with a highly 
eccentric orbit at a random orbital inclination. 
Circularization of an initially eccentric orbit can, with 
appropriate assumptions about the composition, be 
explained as a result of viscoelastic damping. Such 
damping has been shown to operate in rubble-pile 
objects [9] such as Phobos or Deimos. However, the 
low inclination of the orbits to the Martian equator 
cannot be easily explained by damping. For a capture, 
the inclination will be randomly chosen at any value 
between 0° and 180°, and thus the probability of a 
single moon being captured into an orbit of ~1° 
inclination or less by chance is ~1/180, a very unlikely 
coincidence; and the probability of two moons being 
independently captured into such low inclination orbits 
is so low as to be negligible. 

I suggest here that the inclination of the moons’ 
orbits will be modified as a result of bombardment 
followed by precession of the orbit of the ejecta and re-
encountering of the ejected material with the moon, 
resulting in a progressive decrease in the orbital 
inclination as well as the orbital energy.  

 

Ejection and re-accretion: 
The inclination change process consists of: 
1. Bombardment by meteoroids results in material 

being ejected from the surface. Most or all of the 
ejected material remains in Mars orbit. For a relatively 
low-energy ejection, the orbit of the ejected material 
will be in nearly, but not exactly, the same as that of 
the moon it was ejected from. 

2. Since the ejected material is not in precisely the 
same orbit, the slightly different orbital parameters will 
result in a different precession of the orbit due to the 
non-sphericity of Mars. Most specifically, the point at 
which the orbit of the ejected material crosses the 
equator (“Right Ascension of the Ascending Node”, Ω) 
will precess differently for the ejected material than for 
the moon it was ejected from. Over a relatively short 
time, the new orbit’s nodal crossing will be 
randomized compared to that of the original moon. 

3. The ejected material will eventually re-
encounter the moon from which it was ejected. At this 
point it will transfer its new momentum to the moon, 
and by doing so, reduce the orbital inclination. 

Discussion: Over the time scale since the 
formation or capture of the Martian moons, the number 
of impacts on the surface will be large. This can be 
seen from the fact that the surfaces of all airless bodies 
(including the moons of Mars) are covered with impact 
craters. Since Mars lies at the edge of the asteroid belt, 
there is an abundance of small bodies entering the 
system. For the low surface gravity of Deimos and 
Phobos, most of these impacts will remove a large 
amount of material. Some calculations indicate that the 
mass of ejecta can be as much as 103 times the mass of 
the impacting object [10-12]. 

Mars has an oblateness J2 of 0.00196; nearly twice 
that of the Earth, and hence the associated precession 
of the orbital plane will occur roughly twice as fast. 
This is fast enough that at the orbital altitudes of 
interest, the orbits will diverge in ascending node in a 
few hundred to at most a few thousand orbits, a time 
small compared to the timescale of the formation of the 
solar system. 

When an individual fragment re-encounters the 
moon, the fragment will transfer its momentum to the 
moon. Assuming that the original ejection velocity is 
small compared to the orbital velocity, as a result of 
the nodal precession, if the moon is at an initial 
inclination of i to the equator, the impact can be at an 
angle ranging from 0 (for impact at a nodal precession 
of 0°, i.e., the impactor and the moon are in the same 
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orbit) to a maximum of 2i for the impact at a nodal 
precession of 180° (i.e., the impactor is crossing the 
equator at a descending node while the moon is at an 
ascending node). Averaged over all the possible orbits, 
the orbit of the fragments is equatorial, that is, the 
angular momentum is coaxial with the Martian pole. 
When the fragment impacts the moon, this angular 
momentum is transferred to the moon, and thus, if the 
total mass of re-impacting material is m, and the 
moon’s mass is M, the angular momentum shifts 
toward the spin axis of Mars by an amount m/M. This 
results in the moon’s orbital inclination decreasing 
proportional to the mass of material that has been 
ejected and re-accreted.  

Thus, reducing the orbital inclination by a large 
amount requires that the total mass of material ejected 
must be large compared to the mass of the moon. 
However, this is not remarkable. The re-impacting 
fragment can also eject new material on its impact, 
which again will repeat the same cycle. Thus, on the 
average, a given mass of ejecta will produce several 
times its mass in the effect on angular momentum. In 
general, re-accretion will occur when the impact angle 
is low (the fragments nearly co-orbital), and ejection of 
new material will occur with the impact angle is high. 
Over the time scale since the formation or capture of 
the Martian moons, this amount of ejection and re-
accretion is not unreasonable. 

(An additional possibility is that a fragment can be 
gravitationally scattered without impacting. In this 
case, the fragment transfers some, but not all, of its 
momentum to the moon, and then continues on a new 
trajectory until a subsequent encounter. The result will 
be transfer of momentum less than that of an impact. 
Since the gravity of the moons is low, however, the 
effect of gravitational scattering is likely to be small.) 

In the mechanism as outlined, the bombardment 
comprises multiple small impacts, each of which ejects 
an amount of material equal to only a small fraction of 
the moon’s mass. Alternately, the same result would be 
achieved by a single impact of an object large enough 
to disrupt the moon into a large number of fragments. 
The multiple fragments will each precess differently, 
eventually forming a band around the equator; and 
interaction of the fragments with each other will 
reduce the inclination of each of the individual orbits. 
Thus, when the fragments re-accrete, the net 
inclination to the equator will tend toward zero. 

The reaccretion process reduces the orbital energy, 
and hence lowers the orbit. This is consistent with the 
fact the moons of Mars are in unusually low orbits 
compared to many other moons in the solar system 
(semimajor axis of 2.76 and 6.92 planetary radii from 
Mars for Phobos and Deimos respectively). 

This mechanism does not explain why the orbit is 
in a posigrade, rather than retrograde, direction; but 
since the probability of posigrade and retrograde 
capture are equal, this is reasonably possibly by 
chance. The process will fail for the case that the initial 
capture is into a nearly polar orbit (for which the result 
is orbital decay, rather than circularization) but the 
probability of a nearly polar capture is relatively low.  

Conclusions: An origin of the Martian moons from 
the capture and dissociation of binary asteroids was 
proposed, but such an origin requires an explanation of 
the low eccentricity and inclination of the moons’ 
orbits. It is proposed here that the inclination can be 
regularized by the ejection and re-accretion of material 
from the surfaces by long-term meteoritic impact. This 
would require a cumulative amount of material to be 
ejected and re-acquired that exceeds the initial mass of 
the moons, but over the time scale since the formation 
or capture of the Martian moons, such an amount of 
ejection and re-accretion is not unreasonable. 
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