
History of the life
on Earth

Astronomical effects 
on the evolution 

of life and of mankind



Astronomical phenomena 
probably triggered many of the 
changes in the evolution.

Asteroid impacts, orbital forcing on 
climate, …







Formation of Earth, 4570 million 
years ago



Formation of the Moon, 
4500 million years ago 
(m.y.a.)



The oldest known mineral, 
zircon, 4400 million years 
ago



Beginning of the Late Heavy Bombardment
4150 million years ago. End: about 3850 m.y.a.

Moon

Mercury

Asteroids



Oldest rocks.  4000 
m.y.a.



Single cells, bacteria and archaea, about 3800 
m.y.a.
First fossils, about 3400 m.y.a.



Extremophil  
organisms



Molecule Designation

H3CC2CN Methylcyanoacetylene

H2COHCHO Glycolaldehyde

HCOOCH3 Methyl formate

CH3COOH Acetic acid

H2C6 Hexapentaenylidene

CH2CHCHO Propenal

CH2CCHCN Cyanoallene

C7H Heptatrienyl radical

NH2CH2CN Aminoacetonitrile

Molecule Designation

c-C2H4O Ethylene oxide

CH3C2H Methylacetylene

H3CNH2 Methylamine

CH2CHCN Acrylonitrile

H2CHCOH Vinyl alcohol

C6H Hexatriynyl

HC4CN Cyanodiacetylene

CH3CHO Acetaldehyde

Interstellar 
molecules

http://en.wikipedia.org/wiki/Methylcyanoacetylene
http://en.wikipedia.org/wiki/Glycolaldehyde
http://en.wikipedia.org/wiki/Methyl_formate
http://en.wikipedia.org/wiki/Acetic_acid
http://en.wikipedia.org/wiki/Hexapentaenylidene
http://en.wikipedia.org/wiki/Acrolein
http://en.wikipedia.org/w/index.php?title=Cyanoallene&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Heptatrienyl&action=edit&redlink=1
http://en.wikipedia.org/wiki/Aminoacetonitrile
http://en.wikipedia.org/wiki/Ethylene_oxide
http://en.wikipedia.org/wiki/Methylacetylene
http://en.wikipedia.org/wiki/Methylamine
http://en.wikipedia.org/wiki/Acrylonitrile
http://en.wikipedia.org/wiki/Vinyl_alcohol
http://en.wikipedia.org/wiki/Hexatriynyl
http://en.wikipedia.org/wiki/Cyanodiacetylene
http://en.wikipedia.org/wiki/Acetaldehyde


Comet 73P/Schwassmann–Wachmann
observed in 1995



PREBIOTIC  CHEMISTRY

Laboratory experiments in past decades 
produced many complex organic 
molecules (HCN, amino acids, …) 
needed to life, from simple chemical 
elements (H, C, N, O, S, P).

The experiments failed to produce “life”.



(G. Joyce, 2002, 
Nature)

       ?



        ?



Cyanobacteria. Probable first cells 3400 m.y.a. 
First colonies about 3200 m.y.a. (macrofossils, 
stromatolites) 



Earth surface:  just “desert”.



Oxygen catastrophe:   banded iron formations.     2500 
m.y.a.



Huronian glaciation, 
from 2400 to 2100 m.y.a.



Vredefort (SudAfrica). 2023 m.y.a.
Condrite asteroid of 5-10 km. Crater of 300 km.

No extinctions, since there is not yet complex 
life. 



First cells with nucleus (eukaryota)  1400 
m.y.a.



Stromatolites. Maximum cyanobacteria about 1200 
m.y.a.



First simple multicellular 
organisms in the seas.

First single cells outside the 
seas.
 
1000 m.y.a.



Snowball Earth.   
About 850 – 630 m.y.a.



Ediacarano   635 – 542  
m.a. 

Science, 334, 1655;   23.12.2011





Mass extinctions in the seas

      m.y.a.

% of
gener
a



From 550  m.y.a. to present 



Mass extinctions in the seas

      m.y.a.

% of
gener
a







Extinction
Cretaceous-Palaeogene



Hypotheses on the mass extinctions 

Flood basalt events
Massive release of methane (clathtrates)
Massive emission of hydrogen sulfide from seas
Sea-level falls
Significant global cooling
Significant global warming
Anoxic events in the seas
Oceanic overturn (thermo-haline circulation)
Impacts of celestial bodies
Interstellar clouds
Oscillations up and down the galactic plane
Cosmic Rays
Nearby Supernova or Gamma Ray Burst
Companion star (Nemesis)
Variation of Earth axis inclination
etc……
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Neolithic
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 Upper Palaeolithic  > 14000 BC  

35000 BC  

27000 BC  16000 BC  
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 Middle Palaeolithic  > 50000 BC
  [Blombos Cave (South Africa) 75000 BC]  
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Livello del mare
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Climate

Excess of Oxygen 18,  δ 18O           

Oxygen isotopes:          16O   99.762 % 
 (in H2O…)                            17O     
0.038 %
                                         18O     0.200 
%                   



Link with astronomical cycles  (Milankovitch):  
110 000  years  -  excentricity of Earth orbit  +  ...
41 000  years  -   obliquity of ecliptic 
23 000  years  -  seasonal precession  (rotation of orbit on the 
plane)   





Construction of 
canals during the 
sumeric epoch
(2350 BC)



The 4.2 kiloyear BP aridification event was one of 
the most severe climatic events of the Holocene 
period in terms of impact on cultural upheaval. 
Starting in ≈2200 BC, it probably lasted the entire 
22nd century BC. It is very likely to have caused 
the collapse of the Old Kingdom in Egypt, of the 
Akkadian Empire in Mesopotamia, and of the 
Neolithic civilization in China. The drought may 
have also initiated southeastward habitat tracking 
within the Harappan cultural domain. 

Possible cause: monsoon changes related to 
solar activity.



The understanding of the history of 
the Earth, of the evolution of the life 
on Earth, of the mankind, of the 
human thought and of civilization 
cannot leave out the effects of 
astronomical/cosmic phenomena, 
since they triggered, are triggering 
and will trigger the most important 
changes in such an history.  



Brera Obs. - Schedule/planning

2010 – G.V. Schiaparelli, 100th anniv.

             (Schiaparelli and his legacy, G. Trinchieri & A. Manara eds., 

             Mem. SAIt 82, 2011)

2011 – R.G. Boscovich, 300th anniv.

             (Ruggiero Boscovich-uomo di scienza e di cultura, 18 may 2011)

2012 – Beginning of the professional astronomical research in Milan (250th 

             anniv.; meeting);    50th anniv. of the first cosmic X-ray observation

             (international meeting)

2013 – Beginning of the meteorological observations in Brera, 250th anniv.

             (international meeting on climate; collab. with UniMi)

2014 – The Brera Observatory (project),  250th anniv.

              (meeting in collaboration with the Biblioteca Ambrosiana)

2015 – The foundation of the Brera Observatory, 250th anniv.  

            (EXPO 2015;   Astronomy and climate)
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