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Potential evidences of Late Veneer (LV) giant impact on Mars
Hemispheric dichotomy

Fig 1 – The Northern lowland
(blue/purple) and the southern high
land (red/yellow) of Mars could be
formed by a giant impact [e.g. 1]
(NASA).

Martian moons

Fig 2 – The coplanar and circular orbits
of the martian moons indicates that
they were formed within a impact
debris disk [e.g. 2] (FU Berlin).

Why is the LV giant impact interesting?
• Assuming a global surface water reservoir exists on Mars before
4.4 Ga [e.g. 6].
• A temporary hydrogen (H2) atmosphere could have formed after
Mars suffered a giant impact [7].
• This creates a reducing environment for the formation of organic
molecules, such as RNA [e.g. 8].
• Moreover, H2 is a greenhouse gas which helps maintain clement
surface conditions on a planet [e.g. 9].
• LV giant impact triggered the birth of life on a planet?

1. Collision outcome:

Fig 4 – Snapshots for a collision of a Ceres-sized impactor onto the early Mars.
Mantle and core materials for the impactor are colored blue and red, respectively,
and those for Mars are light blue and orange. Impactor's core materials that have
experienced fragmentation after the giant impact are colored yellow. These
materials enrich the martian mantle with HSEs and are able to react with the
postulated martian surface water to create H2.

Highly siderophile elements
(HSEs) in the martian mantle

Fig 3 – The excess of HSEs (iron loving)
in martian mantle (red) and their
chondritic relative abundances infer a
LV addition of ~0.8wt% chondritic
material [e.g. 3] (Tait and Day, 2018)

Combining the evidences from
Fig. 1, 2 and 3 with the latest
Monte Carlo impact simulations
[4] shows that Mars suffered a
giant impact from an impactor
at least the size of Ceres (~1000
km across). Radiometric dating
of zircons in martian meteorite
indicates that this could have
occurred at ~4.48 Ga [5].

Objective and Method
• To understand the consequence of this LV giant impact on Mars,
including delivery of HSEs and generation of H2 atmosphere.
• Smoothed particle hydrodynamics (SPH) simulations were
performed, including Mars and a differentated impactor with
~1000 km in diameter and 0.3 wt% of Mars.
• Impact angles θ from 0o to 60o and impact velocities vimp from 7
to 13 km/s were adopted.
• The size of impactor’s iron fragments [10], the amount and life
time of H2 [11] were computed through theoretical method.

2. Fragments’ size estimation
• Size of fragments are important since smaller fragment are more
easy to react with surface water on Mars.
• Size of the ejected iron fragments were estimated to be ~10 m
after the giant impact.
• 10 m fragments that bound to Mars re-accreted back to the surface
of Mars.
• When 10 m fragments collided with Mars, ejecta further
fragmented into mm-size.
• Finally, mm-sized metallic hail blanketed the surface of Mars.

3. Generation of H2 and its life time

Fig 5 – Mass fraction of impactor’s materials that are gravitationally bound to Mars
after collisions with impact angle 45o as a function of impact velocity. Shaded
region represents the mass fraction of fragmented impactor's core materials that do
not merge into the martian core, but are available for suspension in the martian
mantle. They represent yellow particles in the martian mantle in Fig. 4.

• We present results only for θ = 45o because it is the statistically
most likely case for collision.
• About half of the impactor’s core materials are fragmented and
embedded into the martian mantle after the giant impact.
• These fragments enrich the martian mantle with HSEs and are able
to react with the surface water reservoir of Mars (see Sect. 2 & 3).
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• mm-sized fragments reacts with the surface water:
Fe + H2O → FeO + H2
• 3 bars of H2 could be produced from this reaction (Thick!).
• However, H2 rapidly escapes from Mars due to strong extreme
ultraviolet (EUV) of the young sun (could be 100 times stronger
than the current Sun [12]).
• Pure H2 atmosphere escapes within 3 to 12 Myr, depending on the
early solar EUV flux.

Summary - What could have happened on the
early Mars:

Surface water
reservoir exist on the
pre-Noachian Mars
(>4.1 Ga)

Late Veneer giant
impact occurred at
4.48 Ga; part of
impactor iron core
were ejected and
fragmented

Iron fragments reaccreted back to
Mars deliver HESs to
the martian mantle;
then react with the
surface water of
Mars forming H2

H2 atmosphere exists
for 3 to 12 Myr on
Mars, possibly
providing favorable
conditions for the
origin of life

The Late Veneer giant impact on Mars not only accounts for
the geochemical and geological constrain, but also provides a
possible solution for the origin of life. More future studies are
warranted.

