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Systems Thinking
Earth/Space Science

Chapter 8  Earth System Evolution

Revisit the Big Ideas in Earth System Evolution
In this chapter, you looked at the origin and development of Earth’s spheres. The evolution of 
Earth’s spheres is a story of mega-scale systems that depend on one another. Thinking about an 
entire planet as a system is quite a challenge. A good approach is to apply systems thinking to 
different stages in the planet’s evolution. 
Scientists describe Earth’s location within the inner solar system as the “Goldilocks zone.” 
Surface temperatures on Earth are just right for water to exist as a liquid. A much hotter Earth 
would restrict water to a vapor state. A colder planet would remain in a deep freeze. Earth is also 
favorable in other ways. Its mass is large enough for gravity to hold an atmosphere to its surface. 
A greater mass might be less favorable. Its greater gravity would result in a denser atmosphere 
held too close to the surface. This combination would have the effect of blocking out sunlight.

The young Earth formed as a proto-planet 4.6 billion years ago. At that time it was a much simpler 
system than it is today. Earth began as a molten mass of rock and dissolved gases. It also contained 
plenty of heat. Earth’s high internal heat enabled its interior to melt. As a result, the rocky interior 
separated according to density. This process formed the core, mantle, and crust. Each is a gigantic 
system itself. The magnetic field created by the inner and outer cores is strong enough to deflect 
the solar wind. Without this shield, Earth’s atmosphere would be slowly eroded and lost into space. 
The evolution of the biosphere would probably have taken a very different pathway.
Outgassing from Earth’s cooling 
interior created the atmosphere. The 
composition of the young atmosphere 
was different than it is today. 
Eventually, water vapor condensed 
and fell to Earth’s surface as rain. It 
collected in depressions on young small 
continents. There it reacted with the 
young crust. Comets also delivered 
water to Earth. Gradually, the oceans 
filled and the sedimentary record began. 

The formation of a biosphere is a stage 
of planetary development known only 
on Earth. The building blocks of life 
were derived from the nebular disk 
that formed all the planets in the 
solar system. 

The animal and plant kingdoms 
evolved through natural selection. The 
arrival and disappearance of species 
defines much of the geologic time 
scale. The diversity of living things 
has enabled the biosphere to survive 
numerous mass extinction events. The 
biosphere is made up of an immense 
variety of species. Living things are 
distributed across a range of habitats. 
As such, there is a greatly reduced risk 
of catastrophic failure.

Over time, communities formed that inhabited many 
different environments. This diversity is evident in the 
biomes that exist today. 
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Systems Thinking Questions

1.  What are the major parts of each of Earth’s spheres? Describe each part and 
its location.

Asking questions such as, “What are the major parts of the geosphere?” will make 
you think about what a system does and which parts do the most work. You need 
to consider the significance of larger or smaller systems within each of the spheres. 

2.  What were/are the major processes in the evolution of Earth’s spheres?

Asking questions such as, “When did the oceans form and what effects did this 
have?” helps you to figure out the nature, timing, and relationships between major 
processes in the Earth system. You will have to determine which processes have 
played a dominant role and what were their effects. 

a)  Describe major ways that matter changes in the evolution of Earth’s spheres.
Matter lies at the heart of systems. It often moves from one place to another. 
It also changes, sometimes between states of matter or in other physical ways.

b)  Describe the role of energy in the system.
Energy drives systems. All systems require a source of energy to operate. 
As systems do work, energy from the source is transformed to different 
kinds of energy.

3.  Over which spatial scales did the evolution of Earth’s spheres occur?

Scientists also like to look at different scales in the same system to seek patterns 
about how things work. When thinking about the evolution of the Earth system, 
many different scales become relevant. For example, consider those of free oxygen, 
liquid water, the greenhouse, the plant kingdom, oceans, shields, plate tectonics, 
and the magnetic field. 

4.  Across what time scales does the evolution of Earth’s spheres operate?

Asking questions such as, “How long does it take for an atmosphere to form?” or 
“How long does a mass extinction take?” helps you to think more closely about 
changes in major systems. Is the Earth system today changing more or less than 
it did in the past? 

5.  How does the evolution of Earth’s spheres affect your community?

Humans are a product of the evolution of Earth’s systems. They have evolved to 
become tolerant of a range of environments. Humans both affect and are affected 
by the Earth system in many ways.

The Earth system you see today developed over 4.6 billion years. The geosphere, atmosphere, 
hydrosphere, and biosphere have been interacting for billions of years. Earth’s major systems 
depend on one another. If one part of the Earth system changes, then connected systems change as 
well. You saw how this happens over the long course of geologic time. However, natural systems 
tend toward equilibrium. But, this balance can be disrupted. This has been seen in the geologic 
past. It will also continue into the geologic future.
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