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The terrestrial planetary atmospheres have previously been postulated to 
have evolved as a result of: continuous outgassing of the planet throughout 
geologic time (1); degassing upon differentiation of the planet and formation 
of a core (2); late-accreting carriers of volatiles (3); or a release of 
volatiles due to the impact heating which occurs upon accretion ( 4 , 5 ) .  
Implications of the last of these mechanisms are discussed here for a homo- 
geneously-accreted planet. 

The release of volatiles from an accreted planetesimal occurs as a result 
of the heating upon impact with the forming planet (4,5). The subsequent 
histories of the various gases, however, may diverge. The heavy noble gases 
will for the most part remain in an atmosphere once placed there. Water, the 
most abundant of the Earth's present volatiles, will take one or more of the 
following courses of action: (a), it may hydrate the surface minerals; 
(b), it may escape thermally from the atmosphere; (c), it may be photodissoc- 
iated by sunlight; (d), it may react with surface materials to form oxides 
and free hydrogen; or (e), it may remain as water in the atmosphere or oceans. 
Interestingly, only (a) and (e) allow the planet to retain the water in a 
form later retrieveable as water. Along with the rate of accretion of the 
planet, the rates of these various processes (dependent on the surface con- 
ditions of the accreting planet) will determine the fate of the water. 

If all of the kinetic energy of the accreting planetesimals goes into 
heat at the surface of the planet, one can show that, for a long (lo8 year) 
time-scale of accretion, the average surface temperature cannot rise above 
about 400 K. Since large planetesimals will tend to bury much of their 
energy (e.g.: 6,7), the surface temperatures may be significantly lower. 
These low surface temperatures will determine the rates of some of the pro- 
cesses mentionned above. For calculating the rates of photodissociation and 
thermal escape, characteristics of the present Earth are assumed. 

The maximum rate of photodissociation of water, calculated by Brinkmann 
(8) for current-Earth conditions, is sufficient to produce over geologic time 
an 02 level in the Earth's atmosphere near the current level. This will only 
remove a small fraction of the water from the Earth's volatiles budget, how- 
ever. Special conditions must be invoked to cause a significant amount of 
the water to be photodissociated during the accretion stage. 

The thermal escape rate of molecules from the atmosphere can be calcu- 
lated to within a factor of two from the Jeans' theory (9). For the present- 
day Earth, characteristic escape times from the atmosphere for H2 and H20 are 
about 17 days and 1033 years, respectively. For a planet of half the Earth's 
mass, the escape times are about 83 hours and years, respectively. 
Only at much smaller planetary radii or with much hotter atmospheres will 
water have a short escape time. Thus, during the accretion of most of the 
Earth, significant amounts of water cannot have escaped thermally, whereas 
any free hydrogen was able to do so. 

During accretion, water can react with surface materials to form oxides 
and free hydrogen via reactions such as Fe + H20 -t Feo + H2. The rate of this 
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reaction has been measured at temperatures of 700 K to 1250 K (10) and extra- 
polated via an Arrhenius law to lower temperatures. For Fe in water vapor at 
the saturation point, the increase of mass of the solid phase due to the for- 
mation of FeO at 400 K will be 7 x g-cm-2-sec-l. This rate will, of 
course, decrease with decreasing vapor pressures or temperatures. Reactions 
of other oxidizeable species with water are expected to behave similarly. 

At the low temperatures prevalent during the accretion of the Earth, 
water can hydrate some of the accreted olivine and enstatite, thought to com- 
prise a large fraction of the material which eventually formed the Earth's 
mantle. Rates of the hydration reactions have been measured by Martin and 
E'yfe (11) in the temperature range of about 470 K to 830 K. Extrapolating to 
385 K yields a water-vapor saturated (maximum) reaction rate of about 
6 x 10-l3 and 2 x 10-13 g(~20)-cm-2-sec-l for the forsterite and enstatite 
hydrations, respectively. Taking the rate as proportional to p/ps, where p 
and ps are the actual and saturated water vapor pressures, results in a lower 
limit to the reaction rate. This allows us to obtain an upper limit to the 
steady-state atmospheric water vapor pressure by setting equal the rates of 
supply and loss of water to the atmosphere. 

Loss processes other than hydration of surface minerals can be ignored, 
due to their relatively slow rates. The average rate of sup ly of water to P the atmosphere via homogeneous accretion is 5.3 x lo8 g-sec- , such that if 
the water can hydrate the top one centimeter of a planetary regolith composed 
of 50-pm particles of hydrateable material, the steady-state atmospheric water 
vapor pressure is less than 0.008 atmospheres. That is, essentially all of 
the water will be in the regolith as water of hydration. 

Various accretion thermal models (e.g.: 7,12) show that the temperature 
within an accreting planet increases with depth. At depth then, the hydrated 
materials cease to be stable and will give off their water. In the absence 
of convection within the planet, only impact mixing and volcanism can bring 
the water back to the surface. However, just as the heat will be retained at 
depth due to insufficient mixing (7,12), so will be the water, and water re- 
leased at depth remains out of the atmosphere (ignoring any volcanism). 

That the water on the Earth is present at the surface today is a result 
of the fact that the ferromagnesian minerals which can be hydrated are not, 
and that they are buried beneath the crust. Additionally, most of the water 
transported to depth will be expelled again as a result of igneous processes 
related to plate tectonics. 

We conclude that any water present in the proto-atmosphere of a homoge- 
neously-accreting Earth will tend to hydrate the silicates at the surface and 
be removed from the atmosphere. Release of the water back to the surface 
where it presently resides will then occur either upon core formation and 
differentiation of the planet, or as degassing accompanying igneous activity 
throughout geologic time. Thus, the time-history of the Earth's volatiles 
can be different for the various species. Additionally, this shows that since 
the water is taken up in the regolith of the undifferentiated Earth, at least 
atmospheric water can be ignored as a modifier of the accretion thermal 
history of the Earth. 
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