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To estimate the bulk chemical composition of a 

habitable planet one needs to quantify the chemical 
relationship between the planet and its host star.  Using 
the best available bulk chemical compositions of the 
Earth and Sun, we quantified the levels of volatile 
depletion of the Earth. 

In Fig. 1 we plot the relative bulk elemental 
abundances of the Earth normalized to aluminium and 
the Sun, as a function of 50% condensation 
temperatures [1]. The relative abundances of refractory 
elements are identical to those in the Sun.  Moderately 
volatile elements show intermediate levels of depletion, 
while the most volatile elements are depleted in the 
Earth by many orders of magnitude compared with the 
Sun. We further describe the Earth as a devolatilized 
piece of the Sun on the basis of [2]. 

This devolatilization pattern can be used as a first-
order generic devolatilization pattern for habitable 
planets around Sun-like stars. Thus, the bulk chemical 
composition of a habitable planet can be approximately 
derived using this pattern from the observable elemental 
abundances of its host star.  

The transition between depleted and non-depleted 
elements occurs at a critical condensation temperature: 
Tccritical = 1400 ± 30  K. We interpret this as the highest 
temperature in the solar nebula experienced by the 
material in the feeding zone of the Earth, before the 
material became gravitationally bound to the Earth. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The elemental abundances of Sun-normalized CI 
carbonaceous chondrites (~3AU) show that only very 
highly volatile elements with Tccritical < 300 K are 
devolatilized (Fig. 1). Devolatilization is a universal 
process largely caused by photoevaporation and is 
correlated with the distances (or effective temperatures) 
of objects from their host star. On this basis, compared 
with the depletion of volatile elements of the Earth, 
those of Mars are expected to be less depleted and its 
Tccritical should shift to a range lower than 1400 K. 
Conversely, Venus should have more depleted volatiles 
and a higher Tccritical. A semimajor axis- and host-star-
luminosity-dependent devolatilization pattern is 
expected for exoplanets around Sun-like stars [3].  
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Figure 1 
Elemental devolatilization 
pattern (blue) of the Earth 
to the Sun, compared with 
CI carbonaceous 
chondrites’ devolatilization 
pattern (yellow).  
 
Data sources for elemental 
abundances – Earth: based 
on the compositions of 
earth crust, mantle, and 
core [3]; Sun: weighted 
average of the solar 
abundances [4-8]; CI: 
based on [9] 
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