EPSC Abstracts

Vol. 12, EPSC2018-694, 2018

European Planetary Science Congress 2018
(© Author(s) 2018

EPSC

European Planetary Science Congress

Atmospheric escape at early Mars and its constraints on
the evolution of the Martian atmosphere

Manuel Scherf (1), Sergey Dyadechkin (1), Ute Amerstorfer (1), Helmut Lammer (1), Maxim Khodachenko (1,2), Herbert
Lichtenegger (1), Esa Kallio (3), Markku Alho (3), Igor Alexeev (2), David Parunakian (2), Raven Adam (4), Elena
Belenkaya (2), Hannes Groeller (5), Colin Johnstone (6), and Manuel Guedel (6)

(1) Space Research Institute, Austrian Academy of Sciences, Graz, Austria (manuel.scherf@oeaw.ac.at), (2) Skobeltsyn
Institute of Nuclear Physics, Moscow State University, Moscow, Russian Federation, (3) Aalto University, School of
Electrical Engineering, Department of Electronics and Nanoengineering, Espoo, Finland, (4) Institute of Physics, University
of Graz, Graz, Austria, (5) Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ, USA, (6) Department of

Astrophysics, University of Vienna, Vienna, Austria
Abstract

It is assumed that the Martian atmosphere was much
denser in the past than it is today. However, how and
when the Martian atmosphere changed to the present
time tenuous and dry atmosphere is still one of the
fundamental science questions in Martian research.
To gain a better understanding of this key question,
we studied how the early Martian atmosphere
responded to different EUV fluxes from the young
Sun and how this influenced the loss of carbon and
oxygen. Since Mars had an intrinsic magnetic field
early on, i.e. until ~4.1 billion years ago (Ga), its
paleo-magnetosphere also has to be considered
during the first few million years to reconstruct the
atmospheric escape over the history of the planet.
Thus, we simulated the ancient Martian intrinsic
magnetic field with an adapted wversion of the
Paraboloid Magnetospheric Model (PMM) and
included the magnetosphere into our escape
simulations. In addition, we will also address the
escape of argon over the planet’s history.

1. Loss of oxygen and carbon over
time

We study the escape of suprathermal oxygen and
carbon from the Martian atmosphere for four points
in time in its history corresponding to 1, 3, 10, and 20
times the present solar EUV flux with a Monte-Carlo
model. Different source reactions of hot oxygen and
carbon atoms in the thermosphere and their changing
importance with the EUV flux are discussed.

For the same EUV fluxes and solar wind parameters,
we also investigate on how ionized atmospheric
oxygen and carbon atoms are picked up by the solar
wind convection electric field. Analysis was made by

a 3D kinetic hybrid model which treats ions as
particles and electrons as a massless charge
neutralizing fluid. The hybrid simulation allows
studying self-consistently the motion of ions in the
Martian environment and together with the
suprathermal escape rates from our Monte Carlo
simulations we can thus estimate the total
atmospheric escape rate during the Martian history.

Before ~4.1 Ga, we also consider the ancient intrinsic
Martian magnetic field, and thus simulated the paleo-
magnetosphere with an adapted version of the
Paraboloid Magnetospheric Model (PMM) for Mars,
which was then included into the hybrid model for
the 20 EUV case.

2. Evolution of the Martian

atmosphere

Finally, we discuss different magma ocean related
and volcanic CO, outgassing scenarios and their
interplay with thermal and non-thermal loss
processes, as well as the influence of the paleo-
magnetosphere on the early atmospheric escape. Our
results show that Mars could not have had a dense
atmosphere at the end of the Noachian eon, since
such an atmosphere would not have been able to
escape until today. However, Mars could have had a
dense atmosphere early on in the pre-Noachian eon.

An important insight into this early environment can
also be gained by the strong isotopic fractionation of
36Ar/38Ar in the present-day Martian atmosphere,
which suggests that a significant atmospheric amount
should have been escaped in the early past. However,
the fractionation of argon and other noble gases such
as neon is strongly dependent on the environmental
conditions, in particular on temperature and altitude



of the exobase, which is in turn highly sensitive to
the EUV flux of the early Sun.
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