Evolution of the Atmosphere
As we said in our last instruction, the atmosphere of the Earth when it was formed was very different than what it is today. 
 
Today's atmosphere is made up of:
78% nitrogen 
21% oxygen 
1% argon 
0.03% carbon dioxide, and 
a small amount the water vapor.

Most scientists believe that in the beginning -- 4.5 billion years ago -- Earth's atmosphere contained only hydrogen and helium. The helium quickly dissipated into space, since the Earth's gravity wasn't strong enough to hold it. 
 
Gradually, volcanic eruptions from the interior of the Earth began to release water vapor, carbon monoxide, carbon dioxide, hydrochloric acid, methane, ammonia, nitrogen and sulfur into the atmosphere. This process was called outgassing.
 
One of the biggest differences in the atmosphere between then and now, of course, was that then there was no oxygen.
 
Perhaps the strongest geological evidence for the composition of the early atmosphere comes from banded iron formations, which very large bodies of sedimentary rock. These rocks are made from layers of sulfide minerals, which do not exist in rocks younger than 1.8 to 2.5 billion years ago -- which is when oxygen began to become abundant in the atmosphere 
 
Evidence also shows that the amount of carbon dioxide in the atmosphere was reduced by chemical weathering of minerals at the surface.
 
But where did oxygen come from?
 
Oxygen
Many scientists believe that the amount of oxygen in the atmosphere increased because of early life forms and algae -- and that life forms have modified the composition of the atmosphere ever since.
  
They speculate that as more and more water vapor was released in volcanic eruptions, it condensed and formed clouds.
  
These clouds began to precipitate (rain) and formed all of Earth's surface waters -- the oceans, ground waters, lakes, rivers and glaciers. The presence of these ancient bodies of water is recorded in sedimentary rocks. 
  
And it was in these waters that scientists believe that life, photosynthesis and an oxygen-rich atmosphere began. 
 
One theory holds that single-celled cyanobacteria (blue-green algae) first appeared about 600 million years ago. They emerged about 5-10 meters beneath the surface of the water, which was an anaerobic or reducing environment (meaning that it didn't contain free oxygen).

The water protected the organisms from the sun's ultraviolet rays, but allowed enough light to filter down so that photosynthesis could take place. The oxygen released by photosynthesis bubbled up through the water and out into the atmosphere, where it also formed ozone (O3) in the higher levels of the atmosphere. 
 
And so -- since ozone absorbs ultraviolet radiation -- these evolving organisms were protected from the harmful effects of UV rays. Thus they were able to move up and carry out their photosynthesis closer and closer to the water's surface. Eventually, enough ozone was formed to protect these plants so they could move out onto land and survive.
 
This is thought to have happened about 400 million years ago. 
 
But it isn't the only theory about how oxygen came to the Earth's early atmosphere. 
 
Another Theory about Oxygen
Scientists at NASA have recently proposed a new explanation for the rise of oxygen in Earth's early atmosphere. These findings were published in the July 19, 2004, issue ofNature and the August 3, 2004, issue of Science.
 
These researchers think that hydrogen atoms from water hitched a one-way ride into space inside the methane gas produced by primitive microbes. This irreversible loss of hydrogen, they say, left an excess of oxygen behind (remember that water is made from hydrogen and oxygen) which gradually filled Earth's crust and then flooded Earth's atmosphere.
 
"Without oxygen, the most sophisticated life on Earth would have been green microbial scum," David Catling (a leader of the NASA project) reminds us. "Fortunately, some bacteria in the early oceans were able to separate water into hydrogen and oxygen. The hydrogen was lost to space, leaving the oxygen behind."
 
"Without oxygen," he continues, "the atmosphere could only have supported single-cell forms of life. The first complicated cells, like the ones that make up today's plants and animals, appear in 2.1-billion-year-old fossils -- which were formed just after the rise of oxygen."

However it happened, the appearance of oxygen changed everything! 
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