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Atmospheric Compositions

Earth Venus Mars Titan
Pressure 1 bar 92 bar 0.006 bar 1.5 bar
N, 77% 3.5% 2.7% 98.4%
O, 21% - - -
H,O 1% 0.01% 0.006% -
Ar 0.93% 0.007% 1.6% 0.004%
CO, 0.035% 96% 95% ~1ppb
CH, 1.7ppm - ? 1.6%

From Francis Nimmo UCSC




Figure 5.15 The major
components of the atmospheres
of Venus, Earth and Mars, as
measured at the surfaces of the
planets. The area of each slice of
the pie chart is proportional to the
volume ratio of the substance
shown.
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e Earth, Venus and Mars have quite different
atmospheres

e What causes these differences?

(1) Loss of atmosphere (Jeans escape)
(2) Atmospheric evolution (greenhouse effect)
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Figure 23.6 Maxwell-Boltzmann
distribution for oxygen and hydrogen
molecules at T = 300 K. For each curve,
the vertical axis is a relative probability
of finding a molecule at a given speed.
In each case, the vertical dashed line is
for a molecule whose energy is 3% kT.
Notice the large number of molecules
with greater than this average speed.
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Could it be primordial?

The amount of Ne in our atmosphere rules
this out

Ne is a heavy inert gas so almost none would
escape the Earth’s gravitational pull

Add other gases from protoplanetary nebula
in proportion: we only get about 1% of our
current atmosphere

So our atmosphere wasn’t accreted from the
early solar nebula
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Long-Term
Carbon Cycle
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Figure 7_3_Echematic representation of the long-termn global carbon cyele showing the flows (hollow
arvows) of carbon thak are important on timescales of more than 100 Kyy, Carbon is added to the atmosphere
through metamorphic degassing and volcanic activity on land and at mid-ocean rdges. Atmosphenc carbon is
used in the weathering of silicate minerals in atemperature-sensitive dissolution process; the products of this
weatherng sre camied by rivers to the oceans. Carbonate sedimentation exracts carbon from the oceans and
ties it up in the form of limestones. Pelagic limestones deposited in the deep ocean can be subducted and
melted. Limestones deposited on continental crust are recycled much more slowly — if they are exposed and
weatherad, their remains may end up as pelagic carbonates; if they get caught up in a.continental collision,
they can be metamorphosed, liberating their CO5.
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Figure 5.22 (a) Spectra of black-
body sources at the temperatures
of'the Sun’s surface (5770 K) and
the Earth’s surface (288 K). The
vertical scales for the two spectra
are not the same; the Sun’s
radiation is much more intense than
that of the Earth. (b) The
absorption spectrum of the Earth’s
atmosphere: the wavelengths at
which some atmospheric gases
absorb energy are indicated.
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V- Inventories of Selected Outgassed Volatiles on Terrestrial
Planets (10~° kg/kg planetary mass)

Volatile Venus Earth Mars
H,O
Atmosphere 602 3P0 0.02
Oceans and polar caps — 250 000%° 50007?2¢
Crust 160 0007¢ 30 000P 10 00072¢
Total |60 0007 280 000 150007
Cco,
Atmosphere 100 0002¢ 0.4° 502
Polar caps — — 104
Crust — 100 00022 >9007¢
Total 100 000 100 000 > 10007
N,
Atmosphere 2000 20002 3002
4OAF
Atmosphere 42 [1= 0.52

Note: Entries with two references are averages.
2Pollack and Black (1979).

®Walker (1977).

cKhodakovsky and others (1979).

dHess, Henry, and Tillman (1979).

eFanale and Cannon (1979) estimate 6 X 10!7 kg of CO, adsorbed in nontronite clays in Martian polar layered
terrain and associated regolith, substantially exceeding the CO, in the atmosphere or polar caps.





