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Fig. 1  Schematic plot of time evolution of Earth’s atmospheric

composition (The values of atmospheric compositions have large

uncertainties). Adopted from http://www.scientificpsychic.com/

 etc/timeline/atmosphere-composition.html
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Fig. 2  A schematic history of atmospheric oxygen [9]
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Fig. 3  Schematic plot of the Carbonate-Silicate cycle over

geological time scales [14]
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Fig. 4  Schematic plot of time-evolution of global-mean surface

temperature over the past 4 billion years [25]. Thick green curve

denotes temperature, and vertical thick-blue lines denote great

 ice-age events
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Three Important Issues of Precambrian Climate Evolution

1 Laboratory for Climate and Ocean-Atmosphere Sciences, Department of Atmospheric and Oceanic Sciences, School of Physics,

Peking University, Beijing 100871, China; 2 Ministry of Education Key Laboratory for Earth System Modeling, Center for Earth

System Science, Tsinghua University, Beijing 100084, China

Abstract: The Precambrian extends over about 4 billion years from the formation of Earth to the beginning of the

Cambrian (4.6 billion years ago to 0.54 billion years ago). Studying climate evolution over such a long period is

really challenging, but fundamental and intriguing. It is difficult to comprehensively review progress of studies in

Precambrian climate evolution. Three important issues are chosen and discussed, which are atmospheric evolution,

two extremely cold periods with global-scale glaciations, and the faint young Sun paradox. For atmospheric evolution,

tendencies of atmospheric evolution are briefly reviewed, and three important processes involved in atmospheric

evolution are introduced, which are atmospheric escape, two rapid increases of atmospheric oxygen, and the carbonate-

silicate cycle and its negative feedback to climate. Two global-scale glaciations intervals happened at the

Paleoproterozoic (2.4 billion years ago to 2.1 billion years ago) and the Neoproterozoic (0.8 billion years ago to 0.58

billion years ago). Mechanisms of formation and deglaciation of the two global glaciations are reviewed. The faint

young Sun paradox is a classical topic in Earth’s early climate studies. Here, most recent results are summarized.
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