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Evolution of the Earliest Atmospheres of
Mars and Earth
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The Earth Did Not Shut 
Down Like Mars and 

Venus . . .
Because It is Constructed 
of Four Great Systems All 

Mediated by Life



Unfortunately, these exist in different academic departments

Geology/
EarthScience

Biology

Meterology
Oceanography

And because of that we know a great detail about each, 
subject,  but very little about how they are all connected.



But, to understand Earth Environments the very thing we need 
to understand are the connections among these systems, all of 

them

And that is often the very information we are missing, are not 
taught, and in fact until recently we did not even study.



System Linkages



The Carbon 
Cycle

An Example



Carbon Cycling
How are life and the earth related?  Does the external environment and 
its alterations set the course of change, or does change arise from some 

independent and internal dynamic within organisms themselves?

http://www.bio.miami.edu/dana/160/carboncycle.gif
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Hydrosphere?

Lithosphere?



Carbon Cycling
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Carbon Cycling
How are life and the earth related?  Does the external environment and 
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Carbon Cycling
How are life and the earth related?  Does the external environment and 
its alterations set the course of change, or does change arise from some 

independent and internal dynamic within organisms themselves?

http://www.metoffice.com/research/hadleycentre/models/carbon_cycle/CDIAC_glob_c_cycle.gif
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Carbon Cycling
How are life and the earth related?  Does the external environment and 
its alterations set the course of change, or does change arise from some 

independent and internal dynamic within organisms themselves?

http://www.windows.ucar.edu/tour/link=/earth/climate/images/carboncycle_jpg_image.html
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Carbon Cycling
How are life and the earth related?  Does the external environment and 
its alterations set the course of change, or does change arise from some 

independent and internal dynamic within organisms themselves?

http://europa.eu.int/comm/enterprise/forest_based/images/carbon.gif
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Carbon Cycling
How are life and the earth related?  Does the external environment and 
its alterations set the course of change, or does change arise from some 

independent and internal dynamic within organisms themselves?

http://earthobservatory.nasa.gov/Library/CarbonCycle/Images/subduction_plume.jpg

Of all these carbon cycle diagrams this is the only one that 
acknowledges that volcanic activity and subduction zones 
might have something to do with carbon cycling on Earth.



But, we already know volcanic activity is an essential link in the 
presence of carbon, putting large quantities into the atmosphere.

H2O     67.7%
CO2 12.7%
N2 7.65%

SO2 7.03%
SO3 1.86%
S2 1.04%

H2 .75%
CO          .67%
Cl2 .41%
Ar .20%

Kilauea Volcanic Gasses Observe the following:
There is no free oxygen coming from the 

volcano, but oxygen is not rare. In fact, 90% 
of the gasses have oxygen in them.

Water must have been as common or more 
common in in the past in volcanic outgassing
(otherwise there would be no oceans.)

Hydrogen must have been in much greater 
abundance in the past than today since 
hydrogen has been continuously lost to space 
over the past 4 billion years.

In addition:

Carbon dioxide is very common.

Sulfur is very common, almost 10%.



Chemical Weathering

CO2 + H2O H2CO3
Carbonic Acid

H2CO3 H+ + HCO3

CaCO3 + H+ Ca++ + 2 HCO3
-

Dissolved
Calcium

Bicarbonate
Ion

Calcite/Limestone

P 129
And we know that weathering processes remove carbon from the 
atmosphere.



And we have good reason to believe that the Earth’s original 
atmosphere was, like that of Mars and Venus, almost saturated 
with Carbon.  

Original Composition
of Earth’s Atmosphere

C02 98.%
Nitrogen           1.9%
Oxygen             trace
Argon               0.1% 

Atmospheric Pressure
60

Abundances of Gasses
in Mar’s Atmosphere

C02 95.3%
Nitrogen 2.7%
Argon              1.6%
Oxygen            0.15%
Water vapor    0.03%

Abundances of Gasses
in Venus’s Atmosphere

Atmospheric Pressure
0.064

Atmospheric Pressure 
92

~1300 #/in2

C02 96.5%
Nitrogen 3.5%
S02 150 ppm
Argon              70 ppm
Water vapor    20 ppm



Biogeochemical Carbon Cycling

Carbon Reservoirs on Earth
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Where is carbon stored on Earth?  



Biogeochemical Carbon Cycling

Carbon Reservoirs on Earth
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4. System LinkagesTo understand the Evolution of 
Environments on Earth it is not enough 
to just study . . .

Geological cycling by itself . . .

Or, Biological cycling by itself. . .

Or, Chemical cycling by itself.

Bio-Geo-Chem-Cycling
Biogeochemistry



Biogeochemical 
Cycling

Oxygen
Cycle



A purely biological oxygen cycle



http://telstar.ote.cmu.edu/environ/m3/s4/graphics/embedded/cycleoxygentest.png

A largely biological oxygen cycle



http://lasp.colorado.edu/~bagenal/3720/CLASS21/CO2cycle.jpg

A mostly geological oxygen cycle



Nitrogen 
Cycle

Biogeochemical 
Cycling



http://www.cst.cmich.edu/centers/mwrc/nitrogen_cycle1.gif

A purely biological nitrogen cycle



http://student.britannica.com/eb/art/print?id=6&articleTypeId=1

A bio-geo-chemical nitrogen cycle



Sulfur Cycle
H2O     67.7%
CO2 12.7%
N2 7.65%

SO2 7.03%
SO3 1.86%
S2 1.04%

H2 .75%
CO          .67%
Cl2 .41%
Ar .20%

Kilauea Volcanic Gasses



http://www.scienceclarified.com/images/uesc_07_img0425.jpg

A mostly biological oxygen cycle



http://faculty.southwest.tn.edu/rburkett/ES%20%20we34.jpg

A well balanced bio-geo-chemical oxygen cycle



What Happens on a Planet 
Without Life is that it closes 

down, dies, becomes a
Dead Planet

Like the dead Norwegian Blue parrot



What we are talking about here 
is how these elements cycle 

among the lithosphere, 
atmosphere, hydrosphere and 

biosphere.   
That is, we are about the Earth 

as a System . . .


