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Evolution of 
the Geosphere

The Hadean Eon occurred from 4.6 to 3.8 billion years ago. During this time, Earth was 
bombarded by meteorites and the surface of the young Earth was molten. 

As Earth began to cool, patches of early crust, made mostly of basalt, formed but were easily 
destroyed by melting. 

By about 4 billion years ago, many very small plates had formed. As these plates joined together, 
the first small continents formed. They were subject to weathering and erosion. Sediment was 
deposited around the edges of the continents. By 3.5 billion years ago, the rock cycle was in 
full operation.

The loss of heat from Earth’s exterior allowed its interior structure to develop. Motion in 
the iron-rich outer core generates electrical currents that produce Earth’s magnetic field. The 
magnetic field shields Earth from the solar wind. 

Evolution of the Fluid Spheres

During volcanic activity, as the pressure on the rising magma lessens, gases dissolved within the 
magma are released. 

Outgassing early in Earth’s history produced a primordial atmosphere of largely water vapor 
and carbon dioxide. As the young Earth cooled, outgassing formed a new atmosphere. It 
consisted of methane, hydrogen, nitrogen, and water vapor, with smaller amounts of noble 
gases and carbon dioxide. 

As Earth’s surface cooled, water vapor was able to condense and fall to the surface as rain. 
This formed bodies of water on the surface. Over the next billion years, the oceans formed.

The Origin of Life

The extraterrestrial hypothesis suggests that the building blocks of life began in another part 
of the universe and arrived on Earth on a comet or a meteorite. The chemosynthesis hypothesis 
suggests that Earth’s early environment allowed for the assembly of more and more complex 
organic molecules and structures. Eventually the point was reached where those molecules and 
structures were living organisms. 

The oldest evidence for life on Earth are layered rocks called stromatolites. These were formed by 
ancient cyanobacteria. The oldest known stromatolites were formed about 3.5 billion years ago. 

Evolution of the Atmosphere

Banded iron formations began forming between about 3.5 and 2 billion years ago, as the iron 
and silica in the oceans began to react with oxygen dissolved in seawater. The oxygen that 
formed the banded iron formations was released by ancient cyanobacteria. By 1.8 billion 
years ago, there was very little dissolved iron left in ocean water. The banded iron formations 
stopped forming. 

Cyanobacteria continued to produce oxygen. Less oxygen was drawn from the atmosphere 
into the oceans. As a result, oxygen began to build up in the atmosphere. The change from 
an oxygen-poor atmosphere to an oxygen-rich atmosphere took place over a billion years. 
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Geologic Time and the Fossil Record

Fossils preserved in the rock record provide information about past environmental conditions, 
evolutionary changes in life forms, and help scientists to correlate rock layers form one area 
to another.

The time during which Earth has existed is known as geologic time. The geologic time scale 
is a system that scientists use to organize their findings about Earth’s history. The division of 
geologic time into units is based on evolutionary events found in the fossil record.

Absolute age dating measures the actual age of an object, such as a mineral, rock, or fossil. 
Radioactive decay rate can be used to determine the age of a rock or fossil. 

Evolution of the Biosphere

Evolutionary change is the adaptation of a population over time to favor specific genetic traits.

The fossil record shows that species have changed during the 4-billion-year history of life on 
Earth. Over time, populations of new species have evolved from older species. Over billions of 
years, this process has led to the growth of Earth’s biosphere. 

The process of natural selection occurs when the traits of more successful organisms get passed 
on in favor of those in less successful organisms. Evolutionary change can occur gradually over 
long periods of geologic time, or it can take place rapidly followed by a longer period with
much less change.

Some species are so sensitive to changes in the environment that they cannot adapt fast enough 
to survive. Such species die out through the process of extinction. 

The extinction of a few species now and then appears to be a normal phenomenon. 
Scientists refer to the appearance and disappearance of a few species at any time as 
background extinction. 

The biosphere has gone through a number of periods with very large losses that often 
accompany global environmental changes. These are known as mass extinctions. There have 
been five major mass extinctions throughout the history of life. During these, up to 90 percent 
of the known biodiversity was lost.

An organism is an individual living thing. It forms a group with others of the same species. 
This group is called a population. When more than one population lives in an area, a 
community is formed. A community includes plants and animals. An ecosystem is a 
community together with the physical and chemical environment in which it lives. 

Biological subdivisions on land are called biomes. Biomes at similar lines of latitude are similar 
around the globe. The climate at these latitudes tends to be similar. This means that there is a 
link between the physical condition at a given latitude and the plants and animals that live there.
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