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Biologists have learned to decipher the genetic codes of 
organisms and – slowly – start to understand the intrinsic 
mechanisms of evolution. Clearly, this information 
is unavailable to earth scientists. Nevertheless, earth 
science can contribute to the understanding of evolution 
as this science is focusing on the extrinsic factors. Since 
there was life on earth it had to “adapt” to a changing 
environment driven by physiochemical exterior factors, 
such as geodynamic processes, cosmic radiation, 
chemical composition of the sea and the atmosphere, 
sea level, plate tectonics, volcanic activity and meteorites, 
which altogether had an impact on the global climate and 
life. 

Our “blue” planet is characterised by the presence 
of liquid water. This chemical compound allowed the 
establishment of a probably unique system, which might 
be best referred to as system of spheres. This comprises 
1. the Atmosphere, as a layer of gases surrounding 
earth, 2. the Hydrosphere, consisting of liquid water in 
oceans, rivers, lakes and glaciers, 3. the Lithosphere with 
the solid crust and the upper mantle, and finally 4. the 
Biosphere, which comprises all living matter. Although 
intensively interlinked, these spheres display completely 
different compositions and – even more important – have 
completely different pathways, residence times and cycle 
durations. This ranges from the rapid developments in 
the atmosphere within hours and days up to lithospheric 
cycles with durations of millions of years. Biospheric 

Mathias Harzhauser
Natural History Museum (NHM), Burgring 7, 1010 Vienna, Austria

EVOLUTION - THE GEOLOGICAL POINT OF VIEW

cycles are clearly short-lived and depend mainly on 
photosynthesis and respiration. 

A pre-condition for life on earth and a major link between 
the spheres is plate tectonics. This surprising statement 
is based on the fact that the carbon cycle would cease 
without plate tectonics. Today, carbon is primarily stored 
in the biosphere – it is the major constituent of all organic 
matter –, but of course also as carbon dioxide (CO2) in 
the atmosphere, as dissolved atmospheric CO2 in the 
hydrosphere, and as fossil fuels and sedimentary rocks 
(limestone, chalk etc.) in the lithosphere. Organisms gain 
their CO2 mostly from the atmosphere, either directly 
or dissolved in water. It enters the waters by simple 
diffusion and then resides as CO2 and converts into 
carbonate (CO3

-2) or bicarbonate (HCO3
-), respectively. 

The early earth had significantly higher levels of CO2 in the 
atmosphere and it was the green-house effect of this CO2 
(in combination with CH4) that finally provided moderate 
temperatures (from around -18°C to +15°C) in spite of 
a an approximately 30% weaker sun compared to today. 
This self-regulating carbon cycle has since then kept the 
Earth’s global average temperature essentially constant, 
between +12°C and +22°C. The major driving forces 
are tectonic movements leading to CO2 release where 
plates drift apart and to carbonate metamorphism in the 
subduction zones. The melted crust contains carbon in 
the sediments and soils. Carbonate metamorphism finally 
results in the accumulation of magma and eventually 
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volcanic eruptions, being the source of atmospheric CO2. 
High CO2 levels in the atmosphere cause climate warming, 
which goes along with higher decomposition rates, 
bringing back the CO2 and closing the cycle. 

Besides carbon, all life on earth is dependent on water. 
The early earth, however, most probably resembled a hot 
volcanic ball, with no liquid water (temperatures >100°C). 
A steady cooling and a slowly forming atmosphere 
eventually set conditions making life possible. 4.52 
billion years ago a large meteorite, Theia, is assumed to 
have hit the earth thereby splitting of the moon. Then, 
around 4.1-3.8 Gya a rarely close constellation of the 
two large planets Saturn and Neptune directed numerous 
comets against earth. According to a widely accepted 
hypothesis this so called Late Heavy Bombardment led 
to a significant input of cosmic water, which – in addition 

to “homemade” volcanogenic water vapour – lay the 
foundation for oceans. 

Now two major ingredients were available for life: carbon 
in the atmosphere and liquid water in the hydrosphere. The 
very oldest indications for the existence for prokaryotes 
derive from 3.9 billion years old sediments. Already at 
around 3.5 billion years the oxygenic photosynthesis 
evolved from anoxygenic photosynthesis. This led to 
a steady accumulation of oxygen in the atmosphere 
and enhanced the UV-protection – a positive feed back 
mechanism which stimulated the evolution of life! 

The talk will give a quick overview of 4.5 billion years of 
earth’s history and the major steps in the evolution of 
life in respect to the biogeochemical cycles. It will reveal 
surprising links and relations between earth’s spheres. 


