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Current popular theory for the pre-biotic Earth pos-

tulates a weakly reducing atmosphere (CO2>CH4 
N2>NH3, SO2>H2S, and H2>O2), which would have 
prevented organic synthesis through the Urey-Miller 
related reactions based on CH4 as the carbon source. 
This theory was developed mostly on the assumptions 
that: (i) the atmospheric chemistry on early Earth was 
dictated primarily by volcanic emissions, (ii) composi-
tion of the average volcanic gas has remained essen-
tially the same throughout geologic history, and (iii) 
UV photolysis of volcanic SO2 produced the anoma-
lous isotopic fractionation of sulfur (AIF-S) in Archean 
sedimentary rocks. Most geologists have also assumed 
that the Archean oceans were rich in Fe, derived by 
submarine hydrothermal fluids on mid ocean ridges, to 
produce banded iron formations.  

However, recent geological and geochemical inves-
tigations by various researchers have raised a serious 
question regarding the validity of these assumptions. 
For example, most H2O, C, N, and S on Earth may 
have been delivered >50 Ma after the accumulation of 
metals. Volcanic emission on the pre-biotic Earth 
probably occurred mostly under the oceans, rather than 
on land as today, because the land area was probably 
<20% of today. The typical fO2 values of pre-biotic 
magmas were probably 1±1 log unit below those of the 
fayalite+magnetite+quartz (FMQ) buffer, whereas 
those of modern subaerial volcanic gases are typically 
1±1 log unit above FMQ. The AIF-S signatures in 
sedimentary rocks may have been produced by chemi-
sorption reactions involving aqueous sulfate, H2S, or-
ganic matter and a variety of minerals during the early 
diagenesis of sediments under hydrothermal condi-
tions, rather than by atmospheric UV reactions.  

Using thermochemical data, we have computed 
gas-fluid speciation in the H-O-C-S-N-Fe system as a 
function of T (1400-200°C), PH2O (1000-1 bar), and 
fO2 (FMQ-3 to FMQ+3); an important constraint on 
the sulfur chemistry is the presence of pyrrhotite (FeS) 
in most igneous rocks. The results suggest that vol-
canic inputs to the pre-biotic atmosphere-ocean were 
dominated by reducing gases: H2>H2S>>SO2; 
CH4>CO2>CO; and NH3≈N2. We have demonstrated 
in the laboratory that Urey-Miller type organic synthe-
sis readily occurs in atmospheres comprised of these 
reducing gases.   

Our calculations also suggest that submarine hy-
drothermal fluids contain excess H2S over heavy met-

als (= Fe+Cu+Zn+Pb) at T >~250°C. Mixing of such 
fluids with O2-poor pre-biotic oceans would have re-
sulted in the precipitation of all the heavy metals as 
sulfides (and carbonates) at sites of fluid discharge, 
whereas significant amounts of Fe precipitates as 
goethite in modern oceans. The excess H2S from the 
submarine hydrothermal fluids would have reacted 
with oceanic basalts at lower temperatures to form 
additional FeS and FeS2. Therefore, the pre-biotic 
oceans were likely to have been poor in both Fe and 
H2S. This is important for the origin of life, because 
our laboratory experiments have shown that polymeri-
zation of organic molecules to build complex organic 
molecules is inhibited by the presence of Fe2+ in water. 
The effects of Fe in organic synthesis will be further 
discussed in an accompanying paper by Menor Salvan 
and Ohmoto. 

Our study supports the atmospheric-synthesis sce-
nario proposed by Urey-Miller for the origin of life on 
Earth.     
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