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The Quandary: A Mars Impact Origin for Carbonaceous Moons?
Discussions of Phobos’ and Deimos’ (henceforth P&D) origin(s) include an unresolved conflict:

dynamical studies which favor coalescence of the moons from a large impact on Mars [1,2], versus reflectance
spectroscopy of the moons showing a carbonaceous composition that is not consistent with martian surface
materials [3-5]. One way to reconcile this discrepancy is to consider the combined options of a Mars-impact
origin for Phobos and Deimos, followed by deposition of carbon-rich materials by interplanetary dust particle
(IDP) infall. This is significant because, unlike asteroidal bodies, P&D experience a high infall flux due to
their location in Mars’ gravity well. We present some relatively simple, initial calculations which indicate that
accreted carbon may be sufficient to produce a surface with sufficient added carbon to account for P&D’s
reflectance spectra. If this is true, then a major objection to an impact origin for P&D is resolved.

Spectra: A Little Carbon Goes a Long Way
Hiroi and Pieters (1992)[7] collected reflectance spectra from

mixtures of olivine, pyroxene, and carbon black and demonstrated
that as little as 2wt.% carbon would render their reflectance spectra
flat and featureless. This demonstrates that even small amounts of
carbon can dramatically affect reflectance spectra, and P&D’s
reflectance spectra might be strongly affected by input of even small
amounts of carbonaceous IDP material.

How Much Carbon Could Have Collected on Phobos’ and Deimos’ Surfaces?
Flynn [6], noting that IDP infall onto Mars is almost three times that of Earth despite Mars’ smaller size, calculates an influx of 12x106 kg/year for

the planet, of which he estimates is ~10% wt. carbon [8]. We can perform a first-pass calculation of IDP accumulation on P&D with these
assumptions: 1) Mars’ gravity well dominates IDP flux, resulting in the same flux for P&D as for Mars, 2) An invariant infall flux for 4 Ga (true flux
was probably greater in the past), 3) 10% carbon in IDPs by mass. These assumptions should be refined in further work. Using the relative surface
areas of Phobos, Deimos, and Mars as factors to calculate the portion of this infall that lands on the moons, we estimate that Phobos currently
accretes IDP material at a rate of 128 kg/year and Deimos at 41 kg/year. If we estimate that P&D formed 4 Ga ago [9] then Phobos has accrued a
total of 5.12x1011 kg of IDP material and Deimos 1.64x1011 kg. This amounts to an infall layer (rCOAT) 208 cm and 308 cm thick for P&D,
respectively, using near-surface density values of 1.6 and 1.1 g/cm3 established as upper limits by [9].

Credit Where Credit is Due!
G. Flynn [6] identified this same

hypothesis in a 1991 presentation and
paper. The authors of this abstract
were unaware of Flynn’s work, and
reached the same conclusion
independently.

Future Work: Where to Go From Here
To challenge the hypothesis, we need to quantify the factors in the Carbon Cycle shown in the figure above over the lifetimes of P&D. Work is

also needed on the reflectance spectrum: how much IDP material is needed to account for observed spectral shapes, what is the effect of the other
IDP components, and can the P&D bulk composition be constrained from a bulk+IDP mixture? Also, does impact-derived formation of nanophase
Fe0 contribute to darkening the surface? These calculation should provide a reasonable test of the hypothesis, but sample return from Phobos and/or
Deimos will provide a definitive test of the hypothesis. Note that additional work will be needed to ascertain the bulk composition.

Regolith:
Formed by impact gardening of the moons’ surfaces since their formation; need 
an accurate measure of regolith thickness to calculate the carbon concentration. 
Radar studies show that the regolith of both moons is very fine-grained 
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Infall Carbon:
If infall component is high enough, carbon may dominate the moons’ 
reflectance spectra without necessarily comprising a significant constituent 
of the whole-body composition

Rubble-Pile Interior:
Accounts for overall density of 1.90±0.1 g/cc for Phobos and 1.76 for 
Deimos. May be composed of Mars-impact-origin material

A Carbon Cycle For Phobos and Deimos

Infall

Ejection and 
Re-Accretion

Ejection 
from System

Burial in 
Regolith
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Further work is needed to constrain the carbon cycle for P&D to estimate the 
amount of carbon expressed at the modern-day surface and its effect on 
reflectance spectra. Infall rates are known from [6], but estimates are needed 
for ejection/re-accretion, ejection, radiation-based loss, and burial in regolith.
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