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Introduction:  A key challenge in origin-of-life 

studies is determining the environmental conditions 
on early Earth under which abiogenesis occurred [1]. 
While some constraints do exist (e.g. zircon evidence 
for surface liquid water), relatively few constraints 
exist on the abundances of trace chemical species, 
which are relevant to assessing the plausibility and 
guiding the development of postulated prebiotic 
chemical pathways which depend on these molecules. 

Sulfidic anions (S-anions; HS-, HSO3-, SO32-) are a 
key family of molecules which are invoked in diverse 
prebiotic chemistries, from the synthesis of ribonucle-
otides, to the accumulation of carbohydrates, to the 
emergence of protometabolism [2,3,4]. However, the 
general availability of S-anions in terrestrial settings 
on prebiotic Earth has not been constrained. 

Here, we use simple kinetic and equilibrium 
chemistry calculations to constrain the plausible range 
of concentrations of S-anions in terrestrial reservoirs 
on prebiotic Earth. We explore the implications for 
postulated prebiotic chemistries, and consider the 
consequences for laboratory studies of abiogenesis. 

Methods:  We consider the atmosphere as a 
source of S-anions, via volcanic outgassing of SO2 
and H2S and their dissolution into shallow aqueous 
bodies in accordance with Henry’s Law. We use liter-
ature photochemical modelling to estimate the atmos-
pheric concentrations of SO2 and H2S under both 
steady-state conditions and during epochs of enhanced 
volcanism like the emplacement of basaltic plains [5]. 
We conduct equilibrium and kinetic steady-state cal-
culations to constrain the accumulation of these mole-
cules in shallow lakes and ponds and their subsequent 
speciation as S-anions. Atmospheric sulfur is a poten-
tial UV shield; we use two-stream radiative transfer 
models to estimate the coterminous UV irradiation 
[6]. Our codes are available for validation and exten-
sion at https://github.com/sukritranjan/. 

Results:  We find that the atmosphere supplied 
prebiotically-relevant levels (³1 µM) of SO2-derived 
anions (HSO3-, SO32-; sulfites) to shallow aqueous 
reservoirs on early Earth, but not H2S-derived anions 
(HS-; sulfide) [6]. This is because of the lower solubil-
ity and unfavorable first dissociation of H2S compared 
to SO2. Prebiotic chemistries which require HS- must 
invoke a local concentration mechanism. On the other 

hand, HSO3- and SO32- would have been robustly 
available on early Earth in shallow bodies of water 
exposed to the atmosphere. The concentrations of 
these molecules would have been especially high after 
large volcanic explosions.  

 
Concentrations of H2S, SO2, and their derived S-anions in shallow 

surface reservoirs assumed buffered to neutral pH as a function of sulfur 
flux to the atmosphere from volcanism. We also considered unbuffered 
solutions; the conclusions were the same.. The range of enhanced S-
fluxes possible during intense volcanic events is shaded in grey. Mi-

cromolar concentrations are demarcated by a dashed line, and millimo-
lar by a dotted line. From [6].  

We explored the implications of our findings by 
applying them to the case study of the cyanosulfidic 
chemistry proposed for the prebiotic synthesis of the 
ribonucleotides and other biomolecules by [2]. Exper-
imental studies find that sulfite not only substitutes 
for sulfide in this chemistry, but that the efficiency 
increases by an order of magnitude and the require-
ment for geologically-rare copper is eliminated in 
favor of geologically-common iron [7]. The UV light 
required to power this chemistry remains abundant for 
all but the very largest volcanic explosions. Overall, 
improving the prebiotic plausibility of the cyanosul-
fidic chemistry by substituting sulfite for sulfide im-
proves the plausibility of the chemistry along two 
other axes as well.  
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Conclusions:  Our work indicates that sulfite 
should have been common in shallow aqueous reser-
voirs on early Earth, but sulfide would have required 
a local source or concentration mechanism. Epochs of 
high volcanism would have been especially clement 
for S-anion dependent prebiotic chemistries. Applying 
these insights to the case study of [7] indicates that 
substituting the more plausible sulfite for sulfide im-
proves the plausibility of the chemistry along two 
other axes as well, demonstrating the positive inter-
play between theory and experiment.  Our work can 
be applied to assess and improve the prebiotic plausi-
bility of other postulated S-anion-dependent surficial 
prebiotic, and our methods adapted to study other 
atmospherically-derived trace species.  
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