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volution of the Martian atmosphere
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A young atmosphere ?
The importance of degassing
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Earlier atmosphere.
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The Early evolution of Venus

Hydrogen can easily escape from the atmosphere but what about oxygen ?

ALTITUDE (km) ! EUV Flux
Element Venus value Earth |
value
BASE OF THE 1
3He/*He <3104 1.4 104 OUTFLOW 200 Ne[ Ar] Kr|Xe}
20Ne/22Ne 11.2-12.6 9.8
Photodissociation § H + OH CO, ATMOSPHERE
21Ne/22Ne <0.067 0.029
HOMOPAUSE 120
S6Ar/38Ar 5.45+0.1 5.32
H,0
40Ar/[36Ar 1.11+0.02 295.5
0 Surface Ocean ?

Theory adapted from Hunten et al. with joined H and O escape.
Powered by EUV flux and solar wind.

Gravitational fractionation is taken into account.



Escape-Driving fluxes

17
x 10

on

H escape flux
———0 escape flux
- H escape flux {without O)

-
o

o+

o -~
- N

Escape flux (m?2.s™)
n

-
o o=

=

100 200 300 400 500 600 700
Time (Myr)



Conseguences on the Isotopic ratios

« Xe and Kr do not escape significantly.

1.05 : .
22 2
Al ——2Neit)*Ne,
........................ My —EQNE[t]FDNE ;
0.95 init
----- Bart)y*Car. .
n'g | init 1
——-(“Ne/Ne)(t)i(*’Ne/Ne),
c 0.850
E _________________________________________________
5 08
£
* 0.75
0.7}
0.65 -
0-6 B =
0.55 1 B ) TI———
0 100 200 300 400 500 600 700

Time (Myr)



Isotopic ratios
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Atmospheric loss
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« Water is mainly brought by late accretion planetary embryos from
the outer solar system (Raymond et al., Morbidelli et al.)
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A scenario for the evolution of the
atmosphere of Venus.

0-0-0

Magma Crystallization <20 bar H,O, hydrodynamic
ocean phase completion escape collapse — Dry
\ 300 bar H,O atmosphere
Hydrodynamic
escape
P ATMOSPHERE

Water exsolution Impacting

from magma ! ) ) bodies
2 MAGMA QJ\ .

i B e - “\’ G, . %
SRR ; . "’)0 £
: o aT 0,9
| : B 6%,
R * SOLID || ) > %
77 MANTLE </ green °
o A p # .l‘;'_‘:?"s:r. o

™.
‘ 7



A scenario for the evolution of the
atmosphere of Venus.

Accretion of 5 TO of water Accretion of 0.1 TO of water

from from

embryos comets &

- Hydrodynamic escape of - Hydrodynamic escape - Non-thermal escape of
hydrogen (all) and oxygen (most), of hydrogen (all) and H,O contained in a GEL of
- Fractionation of Ne to present | oxygen (few) a few meters depth

value - Build up of a =15 bar - Fractionation of H to

- Build up of a transient massive | O, atmosphere present value

O, atmosphere (a few 100 bars) | - Subsequent loss of O, - Continued loss of O, to

- Loss of O, to the magma ocean| to the rock surface by the rock surface by iron

by iron oxidation iron oxidation oxidation

Magma ocean
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