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The evolution of the Earth's atmosphere is currently ex- 
plained by a number of different models, the most prominent one 
being that of secondary degassing of the Earth due to global 
differentiation and/or volcanism (e.g. 1). This model was re- 
cently modified by (2) and a rapid, early outgassing of the 
Earth was proposed. In contrast, (3) and (4) propose the gene- 
ration of a primary atmosphere and hydrosphere due to the re- 
lease of volatiles during accretion via impact vaporization of 
the earth-forming aggregates. The model is based on a deduced 
genetic relation between the material of the solar nebula which 
formed both, the Earth and the chondrites, as inferred from 
measured noble gas abundances in the Earth's atmosphere and 
carbonaceous chondrites (5). 

The latter hypothesis was recently challenged by model stu- 
dies of (6). They demonstrated that the release of water due 
to impact vaporization of aggregates is balanced by recombina- 
tion of the free water with surface minerals (i.e. serpentini- 
zation). Taking into account the effect of a largely increased 
surface area of the growing Earth due to a global regolith 
layer, it is shown that the recombination of water with for- 
sterite and enstatite is a more effective process than the re- 
lease of water via impacts. Hence, most of the available water 
will be retained within the Earth's body. Neither, (3) and ( 4 ) ,  
nor (6) consider quantitatively the secondar release of once 
recombined water due to the impacts o -T--Y aggregates onto the 
surface of the Earth during accretion. 

This is the task of the present paper. Model calculations 
are presented, which demonstrate that the remobilization of 
volatiles contained within the crust of the growing Earth due 
to impact release is a major process which might result in a 
primary atmosphere or hydrosphere. Since water is the major 
species of the terrestrial volatile inventory, and since shock 
wave data on hydrous minerals are available, computations of 
impact induced water release are performed for serpentine (Se 
Mg Si 0 (OH) ). First, based on the shock wave data for Se (7 j ,  3 2 5  4minimum impact velocities vmin and minimum impact 
pressures p for the onset of water vaporization are 
calculated !!!&"a function of distension m of a porous target. 
Four different projectile types are used (iron, Fe; forsterite, 
Fo; enstatite, En; aluminum, Al-equivalent to plagioclase) 
which roughly reflect the composition of the Earth (see Figs. 
1 and 2). A model for the pressure distribution in the near 
field of an impact (8) is subsequently used to determine the 
volume of a half-sphere, where p > p  . The amount of water 
released upon one impact can be spe8$fied when a diffusionrate 
Dr and the amount of water bound within the target as Se is 
given. Dr is defined as the ratio of water volume actually lea- 
ving the tar et, to the amount of water initially released from 
the lattice 7 0 Dr 1 ). Secondly, based on experimental data 
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of (g), the recombination rate Re for water with forsterite and 
enstatite within a regolith layer is specified. 

An model of (10) is used to define the mass increase d~/dt 
as a function of timeaduring accretion of the Earth. The accre- 
tion time 2 (-1.56~10 yr) is in the present model calculations 
subdivided into 17 time steps. d.M/dt specifies the number of 
aggregates with diameter D = Ikm, for each time step. Homoge- 
neous accretion is assumed and a constant fraction of water per 
unit mass (matching the total amount of water on Earth) in the 
aggregates is considered. The aggregates consist of the four, 
above given projectile materials and the fraction of each of 
the materials (assumed to be constant during accretion) is 
choosen such that it reflects the compositi~n of the ~arth. For 
each time step, the amount of water, released via impacts ei- 
ther, primarily from the impacting bodies, or secondarily from 
the hydrous minerals (i.e. Se) within the crust of the growing 
Earth is dynamically balanced with the amount of water recom- 
bined with surface minerals. It is assumed that only the water, 
buried during the previous time step is affected by the impacts, 
but not the earlier recombined water, such that an increasing 
amount of water is permanently retained within the Earth. 

Fig. 3 shows the main result of this study, As can be seen, 
for Dr> 0.2, an increasing fraction of the available water 
goes into the system atmosphere/hydrosphere, whereas the amount 
of buried water WGRG decreases. For Dr>0.35, azPraction of 
only 13% of the total amount of water (= 7.2~10 g) resides 
within the Earth's crust and the maJority is kept in a proto- 
atmosphere. This result is independent of the applied value of 
the recombination rate Re (as determined by the thickness and 
mean particle size of the global regolith layer assumed). Thus, 
the evolution of an impact generated atmosphere is governed by 
the diffusion rate Dr and not - by the recombination rate Re, as 
supposed by ( 6 ) ,  Data for Dr are not yet available, but since 
the bulk of the target material subjected to impact vaporiza- 
tion (as determined by the model calculations) is comprised by 
the impact ejecta, values of Drk0.35 appear to be reasonable, 
Thus, the increasing efficiency of water release due to impacts, 
with increasing value of Dr, leads to the formation of a pri- 
mary atmosphere/hydros here during accretion of the Earth, as 
proposed by 3 and (47. 
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Fig, I: Minimum impact pressures Fig. 2: Minimum impact ve- 

Pmin as function of target disten- locities vmin as function of 
sion m for the dehydration of ser- target distension m for four 
pentine. projectile materials (as de- 

lo=, . n . . 1 7 3 , . , . . . , , -3 
noted on curves), for the 
dehydration of serpentine. 

Fig. 3: The amount of permanent- 
ly retained water WRGR within 
Earth as a function of time t 
during the Earth's accretion. 
The numbers on each curve de- 
note the value of the diffusion 
rate Dr used for the calcula- 
tion. E'urther details, see text. 
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