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Primary atmosphere

A planet’ s primary atmosphere comes from nebular material in accretion disk.
o Mainly H, H, and He.
o Trace elements also present in CO,, CH,, N,, H,0, NH;.

If planet’ s gravity not strong enough or surface temperature is too large, these
clements escape, leaving planet without an atmosphere.

Solar wind can also drag material from the atmosphere.
o Relevant for planets without significant magnetospheres (e.g., Mars).

For the terrestrial planets, most of the H escaped, leaving heavier gases such as
argon, neon and ammonia concentrated near the surface.



Secondary atmosphere

Rocks and planetesimals which combined to
form each planet had trapped gasses.

During formation, gases released from interior.

o Differentiation caused them to rise to the
outer surface of the planet.

o Released via volcanism.

Comets/meteors containing water and gas
collided with the planets (H,O, CH,, CO,).

Mount Etna - March 2005
(credit Reuters/Insh Times)

Volcanic gasses account for most of Earth's
atmosphere. Primitive atmosphere contained H,,
H,0, CO and H,S.

Biological activity: photosynthesis converts CO,
to O,.
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Table E.10 Basic Atmospheric Parameters for Venus, Earth, Mars and Titan®

Parameter Venus Earth Mars Titan
Mean heliocentric distance (AU) 0.723 1.000 1.524 9.543
Geometric albedo Ag 0.84 0.367 0.15 0.21
Bond albedo 0.75 0.306 0.25 0.20
Surface temperature (K) 737 288 215 93.7
Equilibrium temperature (K) 232 255 210 85
Exobase temperature (K) 270-320 800-1250 200-300 149
Surface pressure (bar) 92 1.013 0.00636 1.47
Scale height at surface (km) 16 8.5 1 20
Adiabatic lapse rate (K/km) 10.4 9.8 4.4 1.4

4 All values from Table 4.2 in de Pater and Lissauer (2010). References are provided therein.



Consider the atmospheric pressure at the summit of Mount Everest (elevation of 8.8 km
above sea level). The Earth’s atmospheric scale height is 8 km. Calculate the altitude
needed to reach the same atmospheric pressure on a super-Earth with ¢ = 0.1 AU,
M, = 10Mg, R, = 1.5Rq, and is orbiting a solar analog. Assume the surface pressure on
the planet is the same as the surface pressure on Earth.
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Atmospheric escape

®* Thermal escape is when heating of an atmosphere allows molecules to escape.
Examples include Jeans’ escape and Hydrodynamic escape.

* Suprathermal (or non-thermal) escape refers to loss processes that affect
either neutral species or ions that attain a velocity significantly greater than that
corresponding to the background neutral temperature. Examples include
Photochemical escape, Charge exchange, lon pickup, Sputtering, The polar
wind, and Bulk removal.

* Impact erosion occurs when the hot vapor plume or high-speed ejecta
associated with a large asteroid or comet impact imparts sufficient kinetic
energy to atmospheric molecules for them to escape en masse.
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The Cosmic Shoreline
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Zahnle & Catling, 2017, ApJ, 843, 122
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