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The atmospheres of the terrestrial planets are 

thought to have been largely modified by impact 
degassing and atmospheric erosion during the late 
accretion [1]. Despite the commonality of these 
processes, there are distinct gaps – roughly two orders 
of magnitude – between the abundances of highly 
volatile elements (here defined as noble gases and 
nitrogen) on present-day Venus, Earth, and Mars [2]. 

The element partitioning on planetary surfaces 
could be different between the three planets at the time: 
the runaway greenhouse on Venus [3], the formation of 
oceans and carbon-silicate cycle on Earth [4], and the 
CO2-ice and H2O-ice formation on Mars [5]. We 
investigated an interplay between the atmospheric 
erosion and element partitioning on the atmospheric 
evolution during the late accretion. We used scaling 
laws for erosion efficiency [6,7]. We set upper limits to 
the partial pressures of CO2  and H2O on Earth and 
Mars, which corresponds to the state of phase 
equilibrium and carbon-silicate cycle.  

We found that the highly volatile elements were 
preferentially removed from the atmospheres because 
of the partitioning of H2O and CO2 into other reservoirs. 
The final N2 mass shrinks by ~40% and ~15% for Earth 
and Mars, respectively. The effect of element 
partitioning is found to be insufficient, requiring 
additional processes to reproduce the gaps. We also 
discuss the implications for the origin of carbon and 
nitrogen deficit on Earth. 
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