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Systems Thinking
Earth/Space Science

Revisit the Big Ideas in Minerals, Rocks, and Structures
Minerals, rocks, and structures offer good practice for systems thinking. In the last chapter, 
you explored the tectonic system. This is a very large part of the geosphere. In this chapter, you 
examined the geosphere at various scales. You looked at it from the smaller-scale systems of rocks 
and minerals. You also examined larger systems of rock bodies, rock-forming environments, and 
continental-scale geology.
If you look at the tectonic system, at a large scale, you can see systems such as the crust. At a 
much smaller scale there are atoms, the building block of the minerals that form rocks. At a very 
small scale, you see that atoms are also systems with well-defined structure and organization. 

 Microscopic rock grains and mountains represent two different scales of the tectonic system. 

Igneous rocks are the by-products of tectonic and mantle processes. The physical environment 
plays a role in the change of matter in the igneous rock-forming system. There are many tectonic 
settings. Thus, there are many igneous rock-forming environments. As a result, there are different 
igneous rocks. These differences provide clues about how other parts of the Earth system are 
connected. Igneous rocks can form in air, beneath the ground, and in water.
Sedimentary rocks form in many different surface environments. Fragments of pre-existing rocks 
are deposited by rivers, glaciers, waves, winds, and mass movements. These fragments can be 
transported through many different systems before being deposited. Deposition usually occurs 
when there is a drop in energy. The formation of sedimentary rocks provides many different 
examples for the transformation of matter in the rock cycle. 
Metamorphic rocks form as a result of changes to existing igneous and sedimentary rocks as well 
as other metamorphic rocks. A good way to identify processes in systems is to look for things that 
change. Rock material is altered as a result of added pressure and temperature. However, there is 
never enough heat for melting to occur. It takes a lot of energy to transform solid rocks. 
Forces in Earth’s crust can also change the geometry of bodies of rock. When layers of rock are 
compressed, they can buckle to form folds or fracture to form faults. This system is governed by 
rock mechanics. 
Geoscientists often examine various spatial scales to understand how rock units fit into the 
broader geologic setting. For example, they might choose to examine the deformation of 
mineral grains in the roots of mountains. At a larger scale, the structures of folds containing 
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deformed rocks become important. Finally, the regional stress field in relation to the movement of 
lithospheric plates might be considered. As the spatial scale becomes larger, the number of parts 
and processes in the system becomes greater.  
Earth’s geologic history is recorded in the geologic record composed of rocks and fossils. 
Geoscientists examine the record across varying time scales. A single layer of rock might reveal the 
flood stage of a river. More layers could indicate cyclical flooding within a drainage basin. Over 
even longer time scales, a cap of mudstone might reveal that an area was impounded by a lake. 
Changes in rock units are driven by changes in rock-forming environments. These are controlled by 
major processes in the Earth system. Very large-scale changes are often recorded by the differences 
in the biosphere.

Systems Thinking Questions

1.  What are the major parts of minerals, rocks, and structures? Describe each part and 
its location.

Thinking about the parts of minerals, rocks, and structures will help you to think about 
the structure of the system(s) you are examining. Describe the nature of the parts. 

2.  What are the major processes involved in the formation of minerals, rocks, 
and structures?

Asking questions such as, “How do minerals form?” or “What happens to rocks in 
subduction zones?” helps you to figure out the operation of the system(s) you are 
studying. The same method can be applied to larger or smaller systems. You might also 
want to think about how one part of the system affects another. This will help you to 
better understand interactions within the system.

a)  Describe major ways that matter changes through the formation of minerals, 
rocks, and structures.
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 formation of minerals, rocks, and structures.
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 does the formation of minerals, rocks, and structures operate?

Scientists also like to look at different scales in the same system to seek patterns about 
how things work. Rock-forming systems often contain many smaller systems. What 
factors govern the largest scale systems that form minerals, rocks, and structures? 
Bigger systems cover larger regions, typically have more parts, and process more 
matter. They require a large and continuous source of energy.

4. Across what time scales does the formation of minerals, rocks, and structures operate?

Asking questions such as, “How long does it take to for gneiss to form?” or “At what 
rate does sediment build up at coastal and deep marine environments?” helps you 
think more closely about the rates at which systems operate.

5. How does the formation of minerals, rocks, and structures affect your community? 

Humans live on the surface of the continents. The geology of your local area fits into a 
broader geologic pattern for your region. Geologic structures and rock type affect the 
operation of surface processes and the provision of natural resources. Think about how 
the natural environment has affected the location of where you live. 
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