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Introduction: It has long been thought that impacting of 

rocky planetesimals during Earth’s accretion led to the formation 
of a “steam” atmosphere [1,2]. In our companion abstract [3], we 
discussed the composition of volatile elements in “steam” atmos-
pheres produced by different types of planetesimals. Here we 
discuss our results for the rocky elements S, P, Cl, F, Na, and K.  

Methods: We use thermochemical equilibrium and, where 
relevant, thermochemical kinetic calculations to model the chem-
istry of the “steam” atmosphere produced by impact volatiliza-
tion of different types of accreting material. Our nominal condi-
tions are 1500 K temperature and 100 bar total pressure. We also 
studied the effects of variable temperature and total pressure. The 
composition of the accreting material is modeled using average 
compositions of the Orgueil CI chondrite, the Murchison CM2 
chondrite, the Allende CV3 chondrite, average ordinary (H, L, 
LL) chondrites, and average enstatite (EH, EL) chondrites. 

Results: Sulfur. Sulfur is much more volatile in CI chon-
drites than in any other chondrite studied. At 100 bar pressure 
and 2500 K, nearly 90% of sulfur is in the gas phase for CI chon-
drites, primarily as SO2. In contrast, other chondrites had no 
more than 4% of total sulfur in the gas phase, primarily as H2S in 
the ordinary and enstatite chondrites and SO2 in the CV chon-
drites.  

Phosphorus. Phosphorus is fairly volatile, with essentially all 
phosphorus in the gas phase at temperatures greater than 2000 K 
for all chondrites except Allende (CV), which had only ~20% of 
phosphorus in the gas at 2500 K. The major P-bearing gas is 
P4O6, except in CI chondrites, which had more PO and PO2 at 
high temperatures. 

Chlorine and Fluorine. Chlorine is volatile in all chondrites 
at temperatures greater than ~1000 K, although more so for the 
CI chondrite than all others. All chlorine was in the gas at 1500 
K for CI chondrites but was in condensed phases at higher tem-
peratures for other chondrites. All chlorine was in the gas by 
2000 K for all chondrites. Fluorine is less volatile in all chon-
drites. Again fluorine was found to be more volatile in CI chon-
drites than in other chondrites, although to a lesser degree than 
Cl. Fluorine was considerably less volatile in CV chondrites than 
in all other chondrites, with only ~20% in the gas at 2500 K, ver-
sus 100% for all other chondrites. At high temperatures the major 
gases for all chondrites were NaCl, KCl, HF, NaF, and KF. 

Sodium and Potassium. Potassium was much more volatile 
than sodium, with 100% of potassium in the gas phase at 2500 K 
for CI, CV, and EH chondrites. Potassium was less volatile in H 
and EL chondrites, with 70% and 50% in the gas phase, respec-
tively. Sodium was most volatile in CI chondrites, which lost 
~90% to the gas phase at high temperature, versus ~5% for all 
other chondrite types.  
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