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Introduction: A key challenge in origin-of-life 

studies is understanding the chemistry that lead to the 
origin of the key biomolecules of life, such as the 
components of nucleic acids, lipids, and proteins. Pre-
biotic reaction networks based upon reductive ho-
mologation of nitriles (e.g., [1,2], and sources therein), 
are building a tantalizing picture of sustained abiotic 
synthesis of activated ribonucleotides, amino acids, 
sugars, and lipid precursors under environmental con-
ditions thought to have been available on early Earth. 
Sulfidic anions in aqueous solution (e.g., HS-, HSO3

-) 
under near-UV irradiation play important roles in these 
chemical pathways. However, the sources and avail-
ability of these anions on early Earth have not yet been 
quantitatively constrained. Here, we evaluate the po-
tential for the atmosphere to serve as a source of sul-
fidic anions, via dissolution of volcanically-outgassed 
SO2 and H2S into water reservoirs.  

Methods: We combine photochemical modeling 
from the literature [3] with equilibrium chemistry cal-
culations to place constraints on the partial pressures of 
SO2 and H2S required to reach the elevated concentra-
tions of sulfidic anions (≥1 µM) thought to be neces-
sary for prebiotic chemistry.  

Results: We find that micromolar levels of SO2-
derived anions (HSO3

-, SO3
2-) are possible through 

simple exposure of aqueous reservoirs like shallow 
lakes to the atmosphere, assuming total sulfur emission 
flux comparable to today. Millimolar levels of these 
compounds are available during the epochs of elevated 
volcanism, due to elevated sulfur emission flux. Radia-
tive transfer modeling suggests the atmospheric sulfur 
will not block the near-UV radiation also required for 
the cyanosulfidic chemistry. However, H2S-derived 
anions (e.g., HS-) reach only sub-micromolar levels 
from atmospheric sources, meaning that prebiotic 
chemistry invoking such molecules must invoke spe-
cialized, local sources. Prebiotic chemistry invoking 
SO2-derived anions may be considered more robust 
than chemistry invoking H2S-derived anions. In gen-
eral, epochs of moderately high volcanism may have 
been especially conducive to cyanosulfidic prebiotic 
chemistry 
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Speciation of sulfur-bearing molecules in an aqueous 
reservoir buffered to pH=7 as a function of total sulfur 
emission flux φS. The range of φS for emplacement of 
basaltic plains on Earth is shaded in grey. The horizon-
tal dashed and dotted lines demarcate micromolar and 
millimolar concentrations, respectively. 

 
 
UV surface radiance for the early Earth as a function 
of φS, using the models of [3]. The black solid line 
indicates the irradiation incident at the top of the at-
mosphere from the young Sun. The vertical dashed line 
demarcates 254 nm, the emission wavelength of the 
low-pressure mercury lamps commonly used in prebi-
otic chemistry studies.  
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