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1. Introduction 

Earth is an aqua planet, supporting life. For centuries, people have been wondering 
whether there are any other aqua planets in space. Until now, spacecraft explorations 
have revealed that there is no aqua planet in our solar system, other than Earth. In our 
galaxy, however, millions aqua planets are theoretically predicted to orbit in the habitable 
zone (where liquid water can exist on the surface) around other stars. In fact, the 
challenge for finding Earth-sized aqua planets in our galaxy is now starting using new 
space telescopes [1]. 

If aqua planets other than Earth are discovered in the near future, people would then 
wonder whether life might be there and, if so, what types of life. Answering this question 
is very difficult and requires research at the interactions of life sciences, chemistry, 
astronomy, and earth sciences. Here, I would discuss about recent topics of earth sciences 
about the co-evolution of and interaction among the oceans, atmosphere, and life in the 
history of Earth, especially focused on the period of the largest chemical transition from 
an anoxic to an oxic atmosphere occurred in 2.0–2.5 billion years ago (termed as the Great 
Oxidation Event). In addition to understanding the history of life on Earth, knowledge on 
interactions between life and the Earth system would help us to consider alternative bio- 
and geochemistries that might occur on aqua planets other than Earth. 
 
2. Great Oxidation Event 

According to more than 40 years of analysis of ancient rocks, Earth’s earliest 
atmosphere was essentially free from O2 and composed mainly of N2 with a small amount of 
CO2 (degassed from volcanoes) and CH4 (produced by methanogens (CH4-producing 
bacteria). Until now, several lines of geological evidence suggest a dramatic increase in O2 
around from 2.5 to 2.2 billion years ago [2]; nevertheless, it remains uncertain why the O2 
levels rose at the time and why the O2 levels increased rapidly in geological timescale. 

Recent geological studies propose a hypothesis that can give an answer why the O2 
levels increased after 2.5 billion years ago [3]. Geological records of Ni abundance in 
marine sediments suggest a decline in Ni abundances in the oceans after 2.5 billion years 
ago a consequence of cooling Earth’s mantle temperatures and decreased eruption of 
Ni-rich volcanic rocks. Because Ni is a necessary element in enzymes of methanogens, the 
decline in Ni abundance in the oceans should have resulting in lowering the input flux of 
methane and may have changed in the redox (reducing-oxidizing) balance of the 
atmosphere, leading to an increase in O2 levels at that time. 

 



 

 

But, even if this is the case, it is still unclear why the O2 levels increased so rapidly. 
The key for answering it might be a climate change after a decrease in CH4 levels. 
Because CH4 is a strong greenhouse effect gas, any decrease in CH4 levels would have led 
to severe glaciations. In fact, the geological period of the Great Oxidation Event is also 
characterized by multiple, severe glaciations (called the Huronian glaciation). However, 
how were the glaciations related with the increase in O2? 
 
3. Relationship between O2 and climate change 

In order to understand interactions between climate and atmosphere during the 
Great Oxidation Event, our research group explores osmium (Os) isotopic compositions in 
ancient oceans preserved in sediments [4]. This is because (a) Os is a redox-sensitive 
element, which is soluble in water and is delivered from continents to oceans through 
continental weathering only under oxidizing atmospheres, and (b) continental Os 
contains high levels of radiogenic Os. Thus, the appearance of radiogenic continental Os 
in marine-sedimentary sequences would reconstruct the detailed timing of a rise in O2. 

Our Os records show that immediately after the Huronian glaciation, the 
atmospheric O2 levels became sufficiently high to deliver radiogenic continental Os to the 
oceans. This result indicates that climatic recovery from severe glaciations acted to 
accelerate the increase in O2, probably by providing a large amount of nutrient 
(phosphate) for cyanobacteria (O2-producing bacteria) through high levels of chemical 
weathering under hot and humid conditions. The increase in O2 could then have resulted 
in a further decline in CH4 levels, which again could have induced another glaciation. 
Such a positive feedback mechanism could be a driving force for the rapid and irreversible 
transition to the oxidizing world. 

The increase in O2 levels also has enhanced the abundances of other redox-sensitive 
elements in the oceans, including molybdenum and zinc which are required for enzymatic 
pathways of eukaryotes. The rise of eukaryotes after the Great Oxidation Event [5] could 
be occurred as a result of infilling ecological niches as the compositions of the oceans 
changed. 
 
4. Conclusion 

Recent studies of earth sciences suggest that evolutionary processes of life and 
ecosystem might have been closely related with both the chemical evolution of the 
atmosphere and oceans and climate change. Direct observations of the atmospheres of 
extraterrestrial aqua planets using space telescopes [1] would provide a key not only for 
understanding the chemical evolutions of planetary atmospheres itself but also for 
considering the distribution of life in space.  
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