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Introduction:  The atmospheric composition of 

terrestrial planets is the result of several processes in-
cluding the accretion of volatiles during the formation 
of the planet and then the outgassing of volatiles that 
were initialy trapped into the mantle rocks, during vol-
canic events. Spacecrafts can more easily study the 
atmosphere of a planet than its interior. Observations 
of the atmosphere can therefore provide important in-
formation on the interior dynamics and the thermal 
evolution of a planet. The goal of the present study is 
to present two examples of such atmospheric measure-
ments that help understand the interior dynamics of 
Mars, Venus, and Titan. 

The first example deals with 40Ar. 40Ar is produced 
by the decay of 40K, an element that is present in sili-
cates and whose decay provides a major contribution to 
the volumetric heat source. The half-life of 40K is 1.277 
Gyr, which implies that 82.6% of 40K has decayed at 
present. About 11 % of the decay of 40K produces 40Ar. 
Although the amount of 40K in not very well con-
strained for all bodies including the Earth, the compari-
son between the atmospheres of different planetary 
bodies provides some insight about the differentiation 
processes that have occurred within each of them. 

The second example is the abundance of H2O in the 
atmopheres of earth-like planets and CH4 in Titan’s 
atmosphere. Methane on Titan plays a role similar to 
that of water on terrestrial planets. The water (methane) 
cycle provides important information on the dynamics 
of the planets.     

 
Titan:  Saturn’s largest satellite is the only moon 

with a dense atmosphere and the only planetary objectt, 
besides Earth, with stable bodies of liquids at its sur-
face. Titan’s atmosphere contains very little 36Ar [1]. It 
suggests that the primordial atmosphere has been al-
most fully washed away and that Titan’s nitrogen dom-
inated atmosphere comes from the release of ammonia 
present in the building blocks of Titan. 

The amount of 40Ar is about 27% of the potential 
40Ar that has been produced since end of the accretion 
period [2]. For 40Ar to be released, silicates must have 
been leached at some time during the evolution. But 
even if 40K is expelled from the silicate minerals and 
later form salts that are soluble in the deep water 
ocean, a process has allowed the 40Ar sequestered 
below the ice crust to be transferred to the atmosphere. 
This process could be the resurfacing event that also 

permitted the replenishment in methane as described 
below. 

Methane is the second main component of Titan’s 
atmosphere. The surface concentration has been meas-
ured by the Huygen probe and is equal to  5.67 10-2 
mole fraction. This value is smaller in the upper at-
mosphere but most of the mass is contained in the 
troposphere. Methane is photo-dissociated in the at-
mosphere at a rate of about 200 kg/s. It will only take a 
few tens of Myrs for all the present methane to be pho-
to-dissociated. A replenishment is necessary to explain 
the presence of methane in Titan’s atmosphere. Several 
lines of evidence suggest that a major resurfacing event 
occurred during the last billion years. First, the age of 
the surface determined by the density of impact craters, 
has been recently estimated between 200- and 1,000-
Myr [3]. Second, the isotopic age of Titan’s atmos-
phere is less than 940-Myr [4,5]. Third, a recent expla-
nation of Titan’s shape involving the substitution of 
methane in Titan’s methane hydrate crust by liquid 
ethane precipitating at the poles suggest that this pro-
cess has operated during the last 600 (+/- 400) Myr [6]. 
These ages are in agreement with the model proposed 
by Tobie et al. (2006) that predicted a resurfacing 
event during the last billion years of Titan’s evolution 
[7].  
 

Venus:  Venus presents an interesting similarity 
with Titan since a major event, that causes widespread 
volcanism, is inferred to explain the small number of 
impact craters. Venus is the earth-like body with the 
densest atmosphere that is primarly composed of CO2. 
Water is present in tiny amounts compared to Earth, 
with about 30 ppm in the lower atmosphere [8]. It has 
been proposed that most of Venus’ water is still present 
in the interior [9]. Recent models of Venus’ interior 
dynamics suggest that the mantle rocks that underwent 
partial melting that was responsible for the recent vol-
canism were hydrated. This conclusion was drawn 
from the fact that the temperature of the mantle rocks 
never cross the dry solidus in these 3D spherical nu-
merical simulations [10]. 

Earth is very close to Venus in terms of mass and 
radius. But the amount of water is much larger on its 
surface and its atmosphere. The major reservoir is the 
oceans with about 1.4 1021 kg (2.4 10-4 the Earth’s 
mass). The same amount may still be present in the 
mantle.  Water is recycled into the Earth’s mantle at 
subduction zones. It is released in the atmosphere at 
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mid-ocean ridges and at hot spots with an estimated 
flux of 2 1011 kg/yr. The time scale on which this pro-
cess operates is therefore on the order of the age of the 
Earth. But this process may have been faster in the 
past. The presence of water is invoked to explain the 
fact that mantle convection on Earth is in the mobile-
lid regime, allowing a much more efficient cooling of 
the interior. 

About 25% of the potential amount of 40Ar has 
been released in the atmosphere [12]. This is about half 
the amount degassed in the Earth’s atmosphere. This 
value is also the mass fraction of the upper mantle rela-
tive to the whole mantle. It suggests that the lower 
mantle has not degasses until recently. However the 
amount of potential 40Ar depends on the value of 40K 
present in Venus’interior, a value that is not well con-
strained although this amount should be lower than that 
on Earth since Venus accreted closer to the Sun and 
that the temperature may have favored a depletion in 
40K. 

The amount of volatiles in Venus’ atmosphere sug-
gests that Venus transitioned from the mobile lid (or 
plate-tectonics) regime to stagnant lid regime with a 
release of water during relatively recent geological 
times.  

   
Mars: The red planet is much less massive than 

Venus and Earth, which implies a much smaller value 
of the escape velocity. This may explain why the mar-
tian atmosphere is so faint. The amount of 40Ar is only 
3% of the potential amount. This very low value sug-
gests that either this gas is still trapped in the interior 
due to the absence of volcanism or/and the escape ve-
locity is so low that it has escaped very quickly after 
beign released in the atmosphere. 

The amount of water is also very small. Water is 
present under the form of ice at the poles and in the 
subsurface, and vapour in the atmosphere. Because the 
martian mantle does not have (or marginally has) an 
interface that favors layered convection (the interface 
between upper and lower mantle at 670 km depth on 
Earth would be very close to the core/mantle boundary 
on Mars), partial melt of the mantle would have re-
leased all the water that was content in the interior. The 
presence of hydrated minerals in the highlands on the 
southern hemisphere and their absence in the plains of 
the northern hemisphere is an argument against the 
presence of an ocean. It seems that Mars offers the case 
of a planet that lost its volatiles during intense period 
of volcanism earlier in its history and has then been 
cooling down thanks to mantle convection in a stagnant 
lid regime. 

 

Conclusions: The two examples of 40Ar and water 
(methane for Titan) illustrates the relationships that can 
exist between interior dynamics and composition of the 
atmosphere. The comparison between the planets pro-
vides useful information on the differences in the inter-
nal processes that have operated during the geological 
history of these planets.   
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