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FORMATION OF EARTH ATMOSPHERE : IMPACT DEGASSING. Hiyagon, H. 

and M. Ozima, Geophysical Institute, University of Tokyo, Tokyo 113, Japan. 

Although it is generally agreed that the Earth's atmosphere is of a secondary origin, 

that is, volatile components were derived from the solid earth during and/or after the 

formation of the Earth, there is still no consensus among researchers about the process 

of how volatiles were degassed from the solid Earth. Magma eruption has been regarded 

as an effective mantle degassing where volatiles were fractionated into magma from the 

mantle. Lately, impact degassing has been advocated as a more effective volatile de- 

gassing process[l]. We show that recent experimental results on noble gas and iodine 

partition between melt and crystal impose a stringent constraint on the process of the 

mantle degassing. 

Since a classic paper by H.Brown who first pointed out the secondary origin of the 

Earth's atmosphere, major issues on the problem of the origin of the atmosphere have 

been to resolve the degassing time and the degassing process. The fundamental einpirical 

constraint imposed on this problem is the observation that 40Ar/36As and 129Xe/130Xe 

ratios are significantly higher in the degassed upper mantle than in the undegassed man- 

tle. The difference is most reasonably attributed to the addition of radiogenic 40Ar 

decayed from 406( and 129Xe from 1291, which became more pronounced in the degassed 

mantle owing to preferential degassing of initially trapped nonradiogenic noble gases rel- 

ative to I( and I. Below we show that the noble gas isotopic composition together wit11 

their partition coefficient data favour the impact degassing. 

In Table 1 we compiled all the published data of partition coefficients for Ar[2,3], 

K[5], Xe,[2,3] and I [4]. Because of the experimental difficulty and also of sample llet- 

erogeneity,data are quite scattered. Nonetheless, we can clearly see that the partition 

coefficient for Ar is considerably larger than that for I<, as is the partition coefficient for 

X e  than that for I. From the experimental results, we infer that I( and I are enriched 

relative to Ar and Xe in magma than in the mantle; that is, Arlli' and X e / l  become 

larger in the degassed mantle than in the original undegassed mantle. Subsequent decay 

of 40K and 1291 enhance and 129Xe/130Xe ratios. However, as Ar /K and X e / I  

ratios are larger in the degasSed mantle than in the undegassed mantle, the former would 

be less affected by the addition of radiogenic components, and show smaller 40Ar/36Ar 
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and 129Xe/130Xe than in the undegassed mantle, which is contrary to the observations. 

While the inagma production-eruption scenario is incompatible with the experimental 

results,the impact degassing scenario can expalin well the observed high 40Ar/36Ar and 

129Xe/130Xe ratios in the degassed mantle. 

As discussed by Ahrens et al.[l], impact of planetesimals onto the proteEarth would 

liberate volatiles including noble gas and other volatile elements such as I<, I. Al- 

though I(, I, and other volatiles must have returned to the solid Earth, noble gases, once 

liberated from solid Earth, have remained in the atmosphere, giving rise to a very effec- 

tive fractionation between noble gas and K, I. Consequently, we now observe the high 

40Ar/36Ar and 129Xe/130Xe ratios in the degassed mantle relative to the atmosphere. 

We conclude that the recently obtained noble gas partition coefficients in crystal/melt 

systems together with Ar and Xe isotopic compositions in the mantle are consistent with 

an impact degassing origin of the Earth's atmosphere. It is also worth noting that almost 

simultaneous formation of the atmosphere with the accretion of the Earth is perfectly 

consistent with the 40Ar/36Ar and 12QXe/130Xe isotopic constraints. 

Table 1. Parti tion coefficients in crystal/melt. 
sample Ar I< Xe I 
olivine 0.04-0.2[2] 0.007[5] 0.05-0.15[2] <0.04[4] 

0.55[3] 0.6131 
diopside 0.7[2] 0.03[5] <0.6[2] <0.003[4] 

0.37[3] 0.?3[3] 
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