
Quiz Six (9:30-9:35 AM) 



GY 112: Earth History 

Lecture 17:  
Evolution of the Atmosphere and 

Hydrosphere  

Instructor: Dr. Douglas W. Haywick 

UNIVERSITY OF SOUTH ALABAMA 



Last Time 

1) The Hadean (4.6 to 4.1 GA) 
2) The Archean (4.1 to 2.5 GA) 

Time Frame 
Tectonics and Paleogeography 
Life forms 
 

(Web notes 16) 



The Hadean Eon 

Eon Time 
Phanerozoic 550 MA to 0 MA 
Proterozoic 2.5 GA to 550 MA 
Archean 4.1 GA to 2.5 GA 
Hadean 4.6 GA to 4.1 GA 



• The first usage  of the term 
Archean is credited to Sir 
William Logan, a geologist 
with the GSC (Geological 
Survey of Canada) 

• He was studying very old 
rocks in northern/central  
Canada 

• “PreCambrian” granites and 
metamorphic rocks (no 
fossils), called the Canadian 
Shield 

The Archean Eon 



• Shield: very old 
(>2.5 GA) 
igneous and 
metamorphic 
“basement” rocks 
(Granulites) 
 

• Platform: younger 
(550 MA-2.5 GA) 
sedimentary rocks 

The Canadian Shield 

http://mmsd1.mms.nrcan.gc.ca/efab/images/slide1canMap_e.gif 



• Together they 
represent 
continental 
cratons (e.g., 
the cores of 
continents) 

The Canadian Shield 

http://mmsd1.mms.nrcan.gc.ca/efab/images/slide1canMap_e.gif 



• Logan and others in the 
GSC eventually 
subdivided the Canadian 
Shield into different 
(Tectonic) Provinces 

Canadian Shield 

• Superior is the biggest 
• Grenville is the youngest 



• We have lots of Archean rocks, but none from the Hadean.  
• Still, we believe that the Earth’s crust and mantle started to 

“differentiate” sometime during the Hadean. 

Archean Tectonics 

http://www.le.ac.uk/geology/art/gl209/lecture7/image98.gif 

“Light” rock 
rises 



Archean Tectonics 

Early continental crust  = Tonalite (today it’s granite) 
Early oceanic crust = Komatiite (today it’s basalt) 

 
 
 
 
 
 
 
 
 

And the continents have been growing by accretion ever since 



• One of the most interesting tectonic components in shield areas 
of the world are greenstone belts 

Archean Tectonics: Greenstone Belts 
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• These rocks are a weird 
combination of igneous and 
deep water sedimentary rocks   



Today’s Agenda 

The Atmosphere and Hydrosphere 

1) The Early Atmosphere and Hydrosphere 
2) The Hydrological Cycle 
3) The Changes (Ozone and Oxygen)  

 (web notes 17) 



Earth’s Hydrosphere 

• Oceans were here around 4.1+ billion years ago 
 



Earth’s Hydrosphere 

• Oceans were here around 4.1 billion years ago 
• Water on the Earth probably came from volcanoes. 
 



Earth’s Hydrosphere 

• Oceans were here around 4.1 billion years ago 
• Water on the Earth probably came from volcanoes. 
• Some have suggested that comets were also a possible water 

source 
 



Earth’s Hydrosphere 
• All water on, in and over the Earth is recycled via the 

hydrologic cycle 
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Earth’s Hydrosphere 
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• And like the early atmosphere, the early oceans were 
anaerobic (no free O2) 

 



Earth’s Early Atmosphere 

4.1 GA: 
N2; HCl; SO2; CO2; CH4; NH3; NO2; H2O 

No…. O2 



Earth’s Early Atmosphere 

4.1 GA: 
N2; HCl; SO2; CO2; CH4; NH3; NO2; H2O 

And no…. O3 (ozone)? 



Ozone  

Ozone is concentrated 
in an outer part of the 
Earth’s atmosphere…. 
 



Ozone  

Ozone is concentrated 
in an outer part of the 
Earth’s atmosphere…. 
 
… or at least it used to 
be. CFCs have been 
blamed for the 
formation of an Ozone 
Hole 



Ozone  

NASA Image: released Oct 2, 2011 shows ozone concentrations at an 
altitude of 20km. The white line marks the area where ozone 
destruction is greatest. The “ozone hole” was then larger than ever.  



Ozone  

Ozone holes are bad.  
 
Without ozone, ultraviolet 
radiation from the sun 
would strike the Earth and 
most life would die off. 

Earth today  



Ozone  

So… 
 
…when and how did 
ozone first appear in the 
Earth’s atmosphere? 

Earth 4.1 GA 



Ozone  

When? - Hadean to Archean 
(4 to 3 billion years ago?)  
 
Based on the rise of life 
forms in the world’s oceans. 
 



Ozone  
How? – Via the same 
UV radiation that ozone 
today protects us from 
 
2H2O + UV → H2 + O2 

 
2O2 + UV → O3 + O 

Ozone does NOT 
form the same way 

that O2 forms on the 
Earth 



Ozone  
Ozone destruction is far 
more rapid than ozone 
formation 
 

O3 + Cl- → ClO- + O2 
ClO- + O3 → Cl- + 2O2 

 
Which is why CFCs are 
generally banned around 
the world. 

 



Oxygen 

Now the other 2 big 
questions… 



Oxygen 

Now the other 2 big 
questions… 
 
1) How... 
  
and  
 
2) when did oxygen enter the 
atmosphere and 
hydrosphere? 
 http://www.palaeos.com/Vertebrates/Units/150Tetrapoda/Images/Archean.jpg 



Oxygen 

1) How did oxygen enter the 
atmosphere and 
hydrosphere? 
 
Answer: Cyanobacteria (e.g., 
the microorganisms 
comprising stromatolites) 
and photosynthesis 

6CO2 + 6H2O  → C6H12O6 (“sugar”) + 6O2  

Photosynthesis 



Oxygen 

1) How did oxygen enter the 
atmosphere and 
hydrosphere? 
 
Answer: Cyanobacteria (e.g., 
the microorganisms 
comprising stromatolites) 
and photosynthesis 

6CO2 + 6H2O  → C6H12O6 (“sugar”) + 6O2  

Photosynthesis 



Oxygen 

When? Rocks give us clues 

Banded iron 
formations (BIFs) 
are marine rocks 
composed of Fe2O3 
and silica. They date 
from 3.5 billion 
years, but became 
pervassive 3.1 
billion years ago. 



Oxygen 

BIFs are thought to 
have been formed 
through oxygenation 
of sea water 
containing Fe2+ 
(reduced iron). 
 

Fe2 Fe3+ 

http://jersey.uoregon.edu/~mstrick/myimages/Banded%20Iron.gif 

Soluble                 Insoluble  



Oxygen 

What about the 
atmosphere? 
 
Around the world, we 
see a shift in color of 
river floodplain shale  
 

Green     to    Red  
    Fe2+     →     Fe3+ 

 

At 1.8 GA 
http://www.grisda.org/colorado/images 



Oxygen 

So the big change 
(oxygenation) 
culminated in Archean 
oceans (c. 3.1.GA) 
courtesy of 
cyanobacteria. 
 
The atmosphere 
became oxidizing by 
1.8 GA and reached 
near current levels by 
the Ordovician. 

http://www.biologie.uni-hamburg.de/b-online/ge42/01.jpg 



Oxygen 

But O2 levels in our 
atmosphere 
demonstrate 
significant variation; 
even today. 

R. A. Berner, PNAS Vol. 96, Issue 20, 10955-10957, September 28, 1999  



Oxygen 

But O2 levels in our 
atmosphere 
demonstrate 
significant variation; 
even today. 

R. A. Berner, PNAS Vol. 96, Issue 20, 10955-10957, September 28, 1999  

Some researchers believe O2 
levels were closer to 35% in 
the Cretaceous  



Today’s Homework 
1. Time chart 1 due one week from today 

Next Time 
 1. Bothing: Mardi Gras Holiday 

Next Thursday: Proterozoic Tectonics (Lectures 18 & 19) 



GY 112: Earth History 

Lecture 17: Evolution of the Earth’s 
Atmosphere & Hydrosphere 

 
Instructor: Dr. Doug Haywick 

dhaywick@southalabama.edu 
 
 

This is a free open access lecture, but not for commercial  purposes.  
For personal use only.  
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