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Introduction: NASA’s InSight spacecraft successfully
landed on Mars in November to place a set of instru-
ments on the planet. The mission is planned to provide
data about seismic activity, geodetic properties, and
heat transport in Mars. In this context, we aim to study
the tidal evolution of the Mars-Phobos system using
constraints on the interior structure obtained from geo-
detic data.

Tidal dissipation due to viscoelastic deformation in
Mars’ mantle results in momentum exchange between
the orbit of the satellites, Phobos and Deimos, and spin
of the planet and consequent evolution of the orbital
characteristics. Studying tidal dissipation and orbital
evolution helps to understand the processes that the
system has undergone during its history and also con-
strain the future processes. Phobos is within the syn-
chronous radius and spiraling inwards in contrary to
Deimos which is outside of the synchronous radius and
is gradually getting away from Mars.

In this study, we consider the evolution of the orbital
properties by exploiting the constraints on Mars’ inte-
rior structure and dissipation characteristics obtained
from inversion of geodetic data in solution of the or-
bital evolution problem.

Modeling Mars Interior Structure. We parame-
terize our model based on temperature, grain-size,
power-dependence of attenuation, composition, crustal
thickness, core size, and state. (Khan et al. 2018) We
use several rheological models, i.e. Andrade, extended
Burgers, Sundberg-Cooper (2010), and power-law to
compute the dissipative properties within Mars and
calculate the global quality factor. Our forward model,
produces profiles of density, elastic properties, and at-
tenuation from the model parameters and computes the
geodetic observables. The forward model has the op-
tion of using each of the aforementioned rheological
models to compute the attenuation profiles.

Inversion. We invert the existing geodetic data for
tidal Love number and quality factor (at the synodic
period of Phobos’ orbit), mean mass, and mean mo-
ment of inertia for the model parameters. We use a
probabilistic approach and Metropolis algorithm to
constrain the model parameters. Figure 1 shows the
density, seismic wave velocity, and attenuation ob-
tained from inversion. Moreover, based on the con-
straints we obtain for the model viscoelastic model pa-
rameters, we can compute the tidal response (Love
number and quality factor) at other periods which Pho-

bos and Deimos would have during the evolution
process either back in their history or later in the fu-
ture. Figure 2, shows the

variations of Love numbers and global attenuation fac-
tor obtained at three different periods.
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Figure 1. Profiles of density, P-wave velocity, and at-
tenuation obtained from inversion based on different
rheological models.
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Figure 2. Tidal Love number and quality factor at the
periods: 12 hr (sun), 1 hr (Mode), 1 sec (seismic) by
using Andrade’s model.

Evolution of Orbital Properties. We divide our study
of the orbital evolution into two parts. In the first part,
we consider the variations of the orbital properties
from the present back to the point back in time when
Phobos was at the synchronous radius of Mars. We
compute the duration of this interval and study the in-
terrelated variations of eccentricity of the orbit, semi-
major axis of Phobos and the changes in the spin pe-
riod of Mars. For this purpose we numerically solve
the three coupled differential equations following
Heller et al. [2011].

The preliminary results are presented here. Figure 3
shows the evolution of the semi-major axis of Phobos
and Deimos and the variations of spin period of Mars
associated with the dissipation due to Phobos. The re-
sults are calculated based on Andrade’s rheological
model.
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Figure 3. Variations of semi-major axis of Phobos and
Deimos, and spin period of Mars due to dissipation
associated with Phobos only (right).

The plot indicates that the variations of the spin period
of Mars (duration of Martian days) due to dissipation’s
associated with Phobos is not negligible.
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Figure 4. Variations of eccentricity with time for
Deimos (left) and Phobos (right)

Figure 4 shows the variations of eccentricity of the or-
bit with time for the two satellites.

In the second part, we focus on the orbital evolution of
the Mars-Phobos system from the present day until
Phobos possibly reaches Mars’ surface, i.e. we com-
pute the remaining lifetime of Phobos. Since the higher
degree effects become more important as the satellite
gets closer to the planet, we account, in addition to the
second degree, for the third degree effects in our calcu-
lations of the remaining lifetime. The dissipative prop-
erties of Mars change during the orbital evolution. We
account for these changes by using the aforementioned
rheological models and the constraints obtained for the
frequency dependence of dissipation rate.

Figure 5 shows the variations of the semi-major of
Phobos axis with time.

The figures imply that the remaining lifetime of Pho-
bos based on the contributions by k, and ks is almost
34 million years.
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Figure 5. Evolution of semi-major axis with time com-

puted based on different rheological models (up: k.

contribution only, Bottom k; and k; contribution)

The figure also reveal that the choice of the different
rheological model does not considerably affect the re-
maining lifetime of Phobos, since the variations of the
period from the present until the time Phobos suppos-
edly crashes on Mars is not very high. Different rheo-
logical models can make a more pronounced differ-
ence when considering the history of the orbital system
where the variations of the period is much higher. This
is due to the fact that the synodic period becomes
much higher close to spin-orbit resonance. [Efroimsky,
2012]. This problem is already under consideration by
the Authors.
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