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Abstract

The Moon most likely formed from a giant impact of
a Mars-sized embryo with the proto-Earth. However,
the Moon was generally considered as extremely dry
in contrast to the Earth, until recent work suggested it
could have a significant fraction of water (still less than
the Earth). The water content difference of the Moon
and the Earth needs to be explained in this framework
of their formation from common material. Can the
Moon accrete almost no water during its formation,
while the Earth has∼ 0.1% ? Here, we assume that
water was in gas form in the circum-terrestrial disc
that gave birth to the Moon, and we study the condi-
tions under which the growing Moon could open a gap
in this gas disc before water condensates : the Moon
could then be formed only from material less volatile
than water.

1. Introduction
The giant impact hypothesis is generally accepted for
the formation of the Moon [5, 1]. In this scenario, an
embryo of the size of Mars impacted the proto-Earth
some 60-100 million years after solar system forma-
tion. This led to the formation of a circum-terrestrial
disc, mostly made of mantle material from both the
Earth and the impactor. This disc had a thick silicate
atmosphere, and its mid-plane was made of magma.
Part of this material then accreted to form the Moon,
while the other part felt back on Earth. During this
process, an equilibration mechanism [7] homogenizes
the isotopic ratios in the system. Nowadays, the Earth
and the Moon have indistinguishable18O/16O ratio
for instance, while the other planetary bodies of the
solar system are all different.

In this frame, it can be surprising that the Earth and
the Moon don’t have the same chemical abundances as
well. In particular, the Earth has water oceans, while
the seas on the Moon are dry. The bulk water abun-
dance of the Earth is about0.1% in mass. The Moon
has long been believed to be completely dry, after anal-
ysis of the Apollo missions samples, but recent work

[4, 6] show that water content in some lunar mantle
samples is as high as ten to thousand ppm ; however,
this water has a high D/H ratio, which suggests it could
have been delivered to the Moon by comets, after its
formation. In any case, the question of the possible
formation of a dry Moon has to be addressed.

Here, we present a mechanism that could prevent
the Moon from accreting water, due to a dynamical
effect : the Moon may repel the water vapour before it
condensates.

2. Has it ever snowed on the Moon?
Due to the release of energy by the giant impact, the
Earth was covered by a magma ocean and part of the
mantle material from the Earth and the impactor was
vapourised. The disc was also very hot, with its inner
part, the mid-plane, having some liquid silicate, un-
der the pressure of a thick silicate atmosphere. The
Moon forms only from condensate material, gas is not
bounded to the Moon (it is not nowadays, and the gas
was hotter at this time). When condensate material
spread beyond the Roche limit of the Earth, it aggre-
gates and is captured by the proto-Moon (see e.g. [2]).
As the system cools down, more and more chemical
species appear in the liquid or solid state, and can con-
tribute to the formation of the Moon, so that the proto-
Moon first forms from the most refractory elements.

As the temperature decreases, it also becomes eas-
ier for the growing Moon to open a gap in the gaseous
disc, as do giant planets in proto-planetary discs, be-
cause the gas pressure decreases [3]. Therefore, one
can expect that the most volatile elements never have
the opportunity to condensate in the neighbourhood of
the Moon, and to contribute to the Moon’s growth.

We study the conditions for the proto-Moon to re-
pel the gas of the circum-terrestrial disc, and compare
these to the conditions for water to condensate in this
atmosphere. If water condensates before the Moon re-
pels the gas, then it rains or snows on the Moon, and
the Moon acquires water. If water condensates after
the Moon has repelled the gas, then water can not fall
on the Moon.
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To answer this question, we study the temperature
and pressure structure of the circum-terrestrial disc,
and perform 2D hydro-simulations of the gas disc
in the Earth-Moon system for various gas parame-
ters. We present the results of these simulations, from
which can be derived the answer to the question : “Has
it ever snowed on the Moon ?”

3. Summary
We study the conditions in which the circum-terrestrial
gaseous disc is repelled by the growing Moon. The
timing of the gap opening by the proto-Moon in terms
of gas pressure and temperature and proto-Moon’s
mass brings a new light on the physical conditions
during the formation of our satellite. It provides con-
straints for the chemical composition of the Moon, in
particular for the volatile elements, like water.
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