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1.1 Chemical Reactions 

This reading supports… 

MS-PS1-5: Develop and use a model to describe how the total number of atoms does 
not change in a chemical reaction and thus mass is conserved. 

Chemical Reactions 
 

No doubt you’ve seen changes like 
those pictured in figure to the left. 
What do all these changes have in 
common? They are all chemical 
changes in matter. In a chemical 
change, matter changes into a 
different substance with different 
properties. Chemical changes occur 
because of chemical reactions. You 
can see more examples of chemical 
changes at this URL: 

http://safeshare.tv/v/ss578e4749593b4 (2:05). 
 

What Is a Chemical Reaction? 

A chemical reaction is a process in which some substances change into different 
substances. Substances that start a chemical reaction are called reactants. 
Substances that are produced in the reaction are called products. Reactants and 
products can be elements or compounds. A chemical reaction can be represented by 
this general equation: 

  

The arrow shows the direction in which the reaction occurs. The reaction may occur 
quickly or slowly. For example, foam shoots out of a fire extinguisher as soon as the 
lever is pressed. But it might take years for metal to rust. 
 

Evidence of Chemical Reactions 

Not all changes in matter involve chemical reactions. For example, there are no 
chemical reactions involved in changes of state. When liquid water freezes or 
evaporates, it is still water. No bonds are broken and no new products are formed. 
How can you tell whether a change in matter involves a chemical reaction? Often, there 
is evidence. Four common signs that a chemical reaction has occurred are: 

 Change in color: The products are a different color than the reactants. 
 Change in temperature: Heat is released or absorbed during the reaction. 
 Production of a gas: Gas bubbles are released during the reaction. 
 Production of a solid: A solid settles out of a liquid solution. The solid is called 

a precipitate. 

http://www.ck12.org/section/Introduction-to-Chemical-Reactions-%3A%3Aof%3A%3A-Chemical-Reactions-%3A%3Aof%3A%3A-CK-12-Physical-Science-For-Middle-School/#x-ck12-UGh5U2NpLTA4LTAx
http://safeshare.tv/v/ss578e4749593b4
http://dictionary.reference.com/browse/chemical%20reaction?s=t
http://dictionary.reference.com/browse/reactants?s=t
http://dictionary.reference.com/browse/products?s=t
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You can see examples of each type of evidence of a chemical reaction by the figure 
below and the following URL http://safeshare.tv/v/gs0j1EZJ1Uc (9:57).  

 

 

 

 

Breaking and Reforming Chemical Bonds 

In chemical reactions, bonds break in the reactants and new bonds form in the 
products. The reactants and products contain the same atoms, but they are rearranged 
during the reaction. As a result, the atoms are in different combinations in the products 
than they were in the reactants. 

Look at the example in figure to the right. It 
shows how water forms. Bonds break in 
molecules of hydrogen and oxygen. Then new 
bonds form in molecules of water. In both 
reactants and products, there are four 
hydrogen atoms and two oxygen atoms. But 
the atoms are combined differently in water.  
 

Chemical Reactions Assessments: 

Essential Skill: Explanations of stability and 
change in natural or designed systems can be constructed by examining the changes 
over time and forces at different scales, including the atomic scale. 

1. Draw and label an example of a chemical reaction. Be sure to define reactants, 
products, and reaction.  (DOK 1) 

2. Tina made a "volcano" by pouring vinegar over a "mountain" of baking soda. The 
wet baking soda bubbled and the temperature decreased.  What facts would you 
select as supporting evidence that a chemical reaction occurred? Besides the 
evidence seen above, what is other evidence that a chemical reaction occurred? 
(DOK 3) 

http://safeshare.tv/v/gs0j1EZJ1Uc
http://www.youtube.com/watch?v=gs0j1EZJ1Uc
http://www.ck12.org/section/Introduction-to-Chemical-Reactions-%3A%3Aof%3A%3A-Chemical-Reactions-%3A%3Aof%3A%3A-CK-12-Physical-Science-For-Middle-School/#x-ck12-UGh5U2NpLTA4LTAy
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1.2 Conservation of Mass 

By the end of this reading, you should be able to… 

MS-PS1-5: Develop and use a model to describe how the total number of atoms does 
not change in a chemical reaction and thus mass is conserved. 
 

This oil-burning power plant is located in the middle of New York 

City. Its smokestacks are equipped with scrubbers. These are 

devices that remove many of the pollutants from the exhaust 

gases. But the smokestacks still release gases. 

The Back Story 
 

Oil is a fossil fuel. Like all fossil fuels-and the living things 
from which they form-oil consists mostly of carbon. What happens to the carbon in a 
fossil fuel like oil when it burns? There doesn’t appear to be anything left from the fire. Is 
the carbon destroyed in the flames?  Actually, the carbon still exists because matter 
can’t be destroyed. Matter is always conserved in chemical reactions. If you don’t 
believe it, watch this video:  http://safeshare.tv/v/RHOC44LU8Nw  
 

Conservation of Mass 

If you build a campfire like this one, you start with a big 
pile of logs. As the fire burns, the pile of logs slowly 
shrinks. By the end of the evening, all that’s left is a small 
pile of ashes. What happened to the matter that you 
started with? Was it destroyed by the fire? 
 

 

Where’s the Matter? 

 

It may seem as though burning 
destroys matter, but the same 
amount, or mass, of matter still 
exists after a campfire as before. 
Look at the sketch in this figure. It 
shows that when wood burns, it 
combines with oxygen and changes 
not only to ashes but also to carbon dioxide and water vapor. The gases float off into 
the air, leaving behind just the ashes. Suppose you had measured the mass of the 
wood before it burned and the mass of the ashes after it burned. Also suppose you had 
been able to measure the oxygen used by the fire and the gases produced by the fire. 
What would you find? The total mass of matter after the fire would be the same as the 
total mass of matter before the fire. 

Burning is a chemical process. 

Q: What can you infer from this example?    

 

http://safeshare.tv/v/RHOC44LU8Nw
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Gases-in-Physical-Science
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Law of Conservation of Mass 
 

This burning campfire example illustrates a very important law in science: the law of 
conservation of mass. This law states that matter cannot be created or destroyed. 
Even when matter goes through a physical or chemical change, the total mass of matter 
always remains the same. 

Q: How could you show that the mass of matter remains the same when matter 
changes state? 

 

Lavoisier and Conservation of Mass 

How do scientists know that mass is always conserved in 
chemical reactions? Careful experiments in the 1700s by a 
French chemist named Antoine Lavoisier led to this 
conclusion. Lavoisier carefully measured the mass of 
reactants and products in many different chemical 
reactions. He carried out the reactions inside a sealed jar, 
like the one in the figure on the following page . In every 
case, the total mass of the jar and its contents was the 
same after the reaction as it was before the reaction took 
place. This showed that matter was neither created nor 
destroyed in the reactions. . 

Q: Lavoisier carried out his experiments inside a sealed glass jar. Why was sealing the 
jar important for his results? What might his results have been if he hadn’t sealed the 
jar?   

 

Conservation of Mass in Chemical Reactions 

These vividly colored maple leaves were all bright 
green during the summer. Every fall, leaves of 
maple trees change to brilliant red, orange, and 
yellow colors. A change of color is a sign that a 
chemical change has taken place. Maple leaves 
change color because of chemical reactions. 
 

 

 

 

 

 

 

 

 

http://dictionary.reference.com/browse/conservation%20of%20mass
http://dictionary.reference.com/browse/conservation%20of%20mass
http://www.ck12.org/physical-science/Chemical-Change-in-Physical-Science
http://www.ck12.org/physical-science/Conservation-of-Mass-in-Physical-Science
http://www.ck12.org/physical-science/Reactants-and-Products-in-Physical-Science
http://www.ck12.org/physical-science/Chemical-Equations-in-Physical-Science/lesson/Conservation-of-Mass-in-Chemical-Reactions/#x-ck12-TVNfUFMtQW50b2luZQ..
http://www.ck12.org/physical-science/Color-in-Physical-Science
http://www.ck12.org/physical-science/Chemical-Change-in-Physical-Science
http://www.ck12.org/chemistry/Chemical-Reactions
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Chemical Reactions and Balanced Equations 
 

A chemical reaction occurs when some substances change chemically to other 
substances. Chemical reactions are represented by chemical equations. Consider a 
simple chemical reaction, the burning of methane. In this reaction, methane (CH4 ) 
combines with oxygen (O2 ) in the air and produces carbon dioxide (CO2 ) and water 
vapor (H2O). The reaction is represented by the following chemical equation: 

CH4 + 2O2 → CO2 + 2H2O 
 

1 molecule of methane + 2 molecules of oxygen → 1 molecule of carbon dioxide + 2 molecules of water 
  (1 carbon, 4 hydrogen) +       (4 oxygen)               →      (1 carbon, 2 oxygen)   +   (4 hydrogen, 2 oxygen) 
 

This equation shows that one molecule of methane combines with two molecules of 
oxygen to produce one molecule of carbon dioxide and two molecules of water vapor. 
All chemical equations must be balanced. This means that the same number of each 
type of atom must appear on both sides of the arrow.  
 

Q: Is the chemical equation for the burning of methane balanced? Count the atoms of 
each type on both sides of the arrow to find out. 
 

Can You Apply It? 

Identify the reactions below as “balanced” or “unbalanced”.  Explain your reasoning.   

1. 2 Fe + 3 O2 → Fe2O3 
2. CH4 + O2 → CO2 + H2O 
3. 2 Al + 3 Ag2S → 6 Ag + Al2S3 
4. Ca(OH)2 → CaO + H2O 
5. MgCl2 + NaOH → Mg(OH)2 + NaCl 

 

Conservation of Mass Assessment 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales, 
including the atomic scale. 
 

1. Give an example of a balanced chemical equation. Make sure to include identify 
the reactants, product...  the reactions, reaction, and product symbols. (DOK 1) 

2. What was the evidence Lavoisier used to prove the Law of Conservation of 
Mass? (DOK 1) 

3. Give and explain an example of why knowing the Law of Conservation of Mass 
would be beneficial/useful? (DOK 2) 

4. What experiment could you conduct that would give further evidence on the Law 
of Conservation of Mass? Make sure to list the evidence you would expect to find 
and defend your reasoning for choosing this experiment. (DOK 3) 

 

 

http://www.ck12.org/chemistry/Chemical-Reactions
http://www.ck12.org/chemistry/Substances
http://www.ck12.org/physical-science/Chemical-Equations-in-Physical-Science
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Chemical-Equations-in-Physical-Science
http://www.ck12.org/physical-science/Atoms-in-Physical-Science
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1.3 Endothermic and Exothermic Reactions 

By the end of this reading, you should be able to… 

MS-PS1-6: Undertake a design project to construct, test, and modify a device that either 
releases or absorbs thermal energy by chemical processes.  

Conservation of Energy in Chemical Reactions 

 
The blue flame in this photo is burning inside 
a home furnace. The fuel is natural gas, and 
it combines with oxygen when it burns. This 
chemical reaction, called a combustion 
reaction, gives off a lot of energy. 

Energy and Chemical Reactions 

All chemical reactions involve energy. 
Energy is used to break bonds in reactants, 
and energy is released when new bonds 

form in products. Like the combustion reaction in a furnace, some chemical reactions 
require less energy to break bonds in reactants than is released when bonds form in 
products. These reactions, called exothermic reactions, release energy. In other 
chemical reactions, it takes more energy to break bonds in reactants than is released 
when bonds form in products. These reactions, called endothermic reactions, absorb 
energy. 

Endothermic Reactions 

In an endothermic reaction, it takes more energy to break bonds in the reactants than 
is released when new bonds form in the products. The word "endothermic" literally 
means "taking in heat." A constant input of energy, often in the form of heat, is needed 
in an endothermic reaction. Not enough energy is released when products form to break 
more bonds in the reactants. Additional energy is needed to keep the reaction going. 
The general equation for an endothermic reaction is: 

 

In many endothermic reactions, heat is absorbed from the surroundings. As a result, the 
temperature drops. The drop in temperature may be great enough to cause liquid 
products to freeze. That’s what happens in the endothermic reaction at this URL: 
http://safeshare.tv/v/2aSNBfxxgLs 

 

 

 

 

http://www.ck12.org/chemistry/Chemical-Reactions?referrer=crossref
http://www.ck12.org/physical-science/Exothermic-Reactions-in-Physical-Science?referrer=crossref
http://dictionary.reference.com/browse/endothermic
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One of the most important endothermic reactions is photosynthesis. In this reaction, 
plants synthesize glucose 
(C6H12O6) from carbon dioxide 
(CO2) and water (H2O). They 
also release oxygen (O2). 
The energy for 
photosynthesis comes from 
light (see figure right). 
Without light energy, 
photosynthesis cannot 
occur. The chemical 
equation for photosynthesis is: 

 

Plants can get the energy they need for photosynthesis from either sunlight or artificial 
light. 

Exothermic Reactions 

In an exothermic reaction, it takes less energy to break bonds in the reactants than is 
released when new bonds form in the products. The word "exothermic" literally means 
"turning out heat." Energy, often in the form of heat, is released as an exothermic 
reaction occurs. The general equation for an exothermic reaction is: 

 

If the energy is released as heat, an exothermic reaction results in a rise in temperature. 
That’s what happens in the exothermic reaction at the URL below. 

http://safeshare.tv/v/80Q3GgeeIVM 

Combustion reactions are examples of exothermic 
reactions. When substances burn, they usually give off 
energy as heat and light. Look at the big bonfire in figure 
left.  You can see the light energy it is giving off. If you were 
standing near the fire, you would also feel its heat. The 
combustion of wood is an exothermic reaction that releases 
energy as heat and light. 
 

Conservation of Energy 

 

Whether a chemical reaction absorbs or releases energy, there is no overall change in 
the amount of energy during the reaction. That’s because energy cannot be created or 
destroyed. This is the law of conservation of energy . Energy may change form during 
a chemical reaction—for example, from chemical energy to heat energy when gas burns 
in a furnace—but the same amount of energy remains after the reaction as before. This 
is true of all chemical reactions. You can learn more about the law of conservation of 
energy at this URL: http://www.ducksters.com/science/energy.php. 

Q: If energy can’t be destroyed during a chemical reaction, what happens to the energy 
that is absorbed in an endothermic reaction? 

http://dictionary.reference.com/browse/exothermic?s=t
http://dictionary.reference.com/browse/conservation%20of%20energy?s=t
http://www.ck12.org/physical-science/Heat-in-Physical-Science?referrer=crossref
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Note: ΔH represents the change in energy. 

Q: What happens to the excess energy in the reactants of an exothermic reaction? 
 

Reaction Rate 
Any factor that helps reactants come together so they can react lowers the amount of 
activation energy needed to start the reaction. If the activation energy is lowered, more 
reactant particles can react, and the reaction occurs more quickly. How fast a reaction 
occurs is called the reaction rate. Factors that affect the reaction rate include: 

 temperature of reactants 
 concentration of reactants 
 surface area of reactants 
 presence of catalysts 

Temperature of Reactants 

When the temperature of 
reactants is higher, the rate 
of the reaction is faster. At 
higher temperatures, 
particles of reactants have 
more energy, so they move 
faster. They are more likely 
to bump into one another 
and to collide with greater 

force. For example, when you fry an egg, turning up the heat causes the egg to cook 
faster. The same principle explains why storing food in a cold refrigerator reduces the 
rate at which food spoils (see figure above). Both food frying and food spoiling are 
chemical reactions that happen faster at higher temperatures. The chemical reactions 
that spoil food occur faster at higher temperatures. 
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Concentration of Reactants 

Concentration is the number of particles of a substance in a given 
volume. When the concentration of reactants is higher, the 
reaction rate is faster. At higher concentrations, particles of 
reactants are crowded closer together, so they are more likely to 
collide and react. Did you ever see a sign like the one in figure at 
the left? You might see it where someone is using a tank of pure 
oxygen for a breathing problem. The greater concentration of 
oxygen in the air makes combustion rapid if a fire starts burning. 

It's dangerous to smoke or use open flames when oxygen is in 
use. Can you explain why? 

 

Surface Area of Reactants 

When a solid substance is involved in a chemical reaction, only the matter at the 
surface of the solid is exposed to other reactants. If a solid has more surface area, more 
of it is exposed and able to react. Therefore, increasing the surface area of solid 
reactants increases the reaction rate. For example, crushing a solid into a powder 
exposes more of the substance to other reactants. This may greatly speed up the 
reaction. You can see another example in figure below. Iron rusts when it combines with 
oxygen in the air. The iron hammer head and iron nails will both rust eventually. Which 
will rust faster? 

The nails have 
more surface 
area exposed to 
the air than the 
head of the 
hammer. How 
does this affect 
the rate at which 
they rust? 

Presence of a Catalyst 

Some reactions need extra help to occur quickly. They need another substance, called 
a catalyst. A catalyst is a substance that increases the rate of a chemical reaction but is 
not changed or used up in the reaction. The catalyst can go on to catalyze many more 
reactions. 

Catalysts are not reactants, but they help reactants come together so they can react. 
You can see one way this happens in the animation at the URL below. By helping 
reactants come together, a catalyst decreases the activation energy needed to start a 
chemical reaction. This speeds up the reaction. Watch the video at the following link 
that compares reactions with and without a catalyst. 

http://safeshare.tv/v/k_0WWGNVfLM 

http://www.ck12.org/section/Chemical-Reactions-and-Energy-%3A%3Aof%3A%3A-Chemical-Reactions-%3A%3Aof%3A%3A-CK-12-Physical-Science-For-Middle-School/#x-ck12-UGh5U2NpLTA4LTE5
http://dictionary.reference.com/browse/catalyst?s=t
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Living things depend on catalysts to speed up many chemical reactions inside their 
cells. Catalysts in living things are called enzymes. Enzymes may be extremely 
effective. A reaction that takes a split second to occur with an enzyme might take 
billions of years without it! 

Energy In and Energy Out 
 

All chemical reactions involve energy. Energy is used to break bonds in reactants, and 
energy is released when new bonds form in products. In terms of energy, there are two 
types of chemical reactions: endothermic reactions and exothermic reactions. 

 In exothermic reactions, more energy is released when bonds form in 
products than is used to break bonds in reactants. These reactions release 
energy to the environment, often in the form of heat or light. 

 In endothermic reactions, more energy is used to break bonds in reactants 
than is released when bonds form in products. These reactions absorb energy 
from the environment. 

Q: When it comes to energy, which type of reaction is the burning of wood? Is it an 
endothermic reaction or an exothermic reaction? How can you tell? 

 

Some Heat, Please! 

Squirrels are probably well equipped 
to handle the cold of a snowy 
winter.  Luckily for humans, we’ve 
learned to take advantage of 
chemistry to heat the way. 

 

 

 

 

News You Can Use 

Nearly every chemical process is accompanied by the flow of heat, 
which itself generally leads to a change in temperature.  Some 
transformations are endothermic and cause the surroundings to 
decrease in temperature.  That is clearly a reaction you would 
want to avoid if you were cold during the winter.   

Alternatively, there are processes that are exothermic and thus 
increase the temperature of the surroundings.  A useful example 
of this is the crystallization of sodium acetate from a 
supersaturated solution, which has been exploited commercially to 
produce hand warmers. (See right figure).  

To see the dramatic crystallization, watch this video: 
http://safeshare.tv/v/K7iM0lu61zg 

http://h/
http://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Endothermic-Reactions-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Exothermic-Reactions-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Exothermic-Reactions-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Heat-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Endothermic-Reactions-in-Physical-Science?referrer=crossref
http://safeshare.tv/v/K7iM0lu61zg
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Endothermic/Exothermic Reactions Assessment: 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales, 
including the atomic scale. 
 

1. What is an example of an endothermic reaction? How do you know? (DOK 1) 
2. What is an example of an exothermic reaction? How do you know? (DOK 1) 
3. Compare and contrast endothermic and exothermic reactions. You may use 

diagrams. (DOK 2) 
4. Describe a set of conditions or situation where an endothermic reaction would be 

better than an exothermic reaction.  Explain.  (DOK 3) 
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1.4 Chemical Reactions and Food 

By the end of this reading, you should be able to… 

MS-LS1-7: Develop a model to describe how food is rearranged through chemical 
reactions forming new molecules that support growth and/or release energy as this 
matter moves through an organism.  
 

Balancing Act 

This aspiring engineer is doing a balancing act. Actually, balancing 
acts are going on around you all the time. They’re called chemical 
reactions. 

Chemical reactions explain many of the changes that occur 
around you. They explain virtually all the changes that occur in 
you as well. For example, chemical reactions explain how you 
digest and use the food you eat. 

 

Cellular Respiration 

Why do you need food? 

The main reason you need to eat is to get energy. Food is 
your body's only supply of energy. However, this energy 
must be converted from the apple (or any other food you 
eat) into an energy source that your body can use. The 
process of getting energy from your food is called cellular 
respiration. 
 

What is Cellular Respiration? 
 

How does the food you eat provide energy? When you need a quick boost of energy, 
you might reach for an apple or a candy bar. But cells do not "eat" apples or candy bars; 
these foods need to be broken down so that cells can use them. Through the process of 
cellular respiration, the energy in food is changed into energy that can be used by the 
body's cells. Initially, the sugars in the food you eat are digested into the simple sugar 
glucose. Recall that glucose is the sugar produced by the plant during photosynthesis. 
The glucose, or the polysaccharide made from many glucose molecules, such as 
starch, is then passed to the organism that eats the plant. This organism could be you, 
or it could be the organism that you eat. Either way, it is the glucose molecules that 
holds the energy. 

Specifically, during cellular respiration, the energy stored in glucose is transferred to 
ATP. ATP, or adenosine triphosphate, is chemical energy the cell can use. It is the 
molecule that provides energy for your cells to perform work, such as moving your 
muscles as you walk down the street. Cellular respiration can be described as the 
reverse or opposite of photosynthesis. During cellular respiration, glucose, in the 
presence of oxygen, is converted into carbon dioxide and water. Recall that carbon 
dioxide and water are the starting products of photosynthesis. What are the products of 
photosynthesis? 

http://www.ck12.org/physics/Energy
http://www.ck12.org/physics/Energy
http://www.ck12.org/biology/Cells
http://www.ck12.org/physics/Energy
http://www.ck12.org/biology/Cells
http://www.ck12.org/life-science/Photosynthesis-in-Life-Science
http://www.ck12.org/biology/Cells
http://www.ck12.org/life-science/Photosynthesis-in-Life-Science
http://www.ck12.org/biology/Water-Advanced
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Cellular respiration involves many biochemical reactions. However, the overall process 
can be summed up in a single chemical equation:  

C6H12O6 + 6O2 → 6CO2 + 6H2O + energy (stored in ATP)    

The process can be summarized as: glucose + oxygen → carbon dioxide + water + 
energy.  There is one molecule of glucose (C6H12O6) and six molecules of oxygen (O2) 
yields six molecules of carbon dioxide (CO2) and six molecules of water (H2O).The 
energy is stored in the bonds between the ATP molecule. When ATP is broken down 
energy is released. 

Remember that chemical 
reactions are modeled by 
chemical equations. Chemical 
equations show which atoms 
and molecules start a reaction 
and which atoms and 
molecules are produced in the 
reaction. Mass is always 
conserved in chemical 
reactions. The same atoms are 
present after the reaction as 
before the reaction occurred. 
They just get rearranged in the 
reaction. Because mass is 
always conserved in chemical 
reactions, chemical equations 
must be balanced.  

 

 

 

 

The Reactants 

What goes into the cell? Oxygen and glucose are both reactants of cellular respiration. 
Oxygen enters the body when an organism breathes. Glucose enters the body when an 
organism eats. 

The Products 

What does the cell produce? The products of cellular respiration are carbon dioxide and 
water. Carbon dioxide is transported from your mitochondria out of your cell, to your red 
blood cells, and back to your lungs to be exhaled. Water, in the form of vapor, is also 
exhaled.  Water is used for other chemical processes in the body and also released as 
waste.  The energy, in the form of ATP, is also generated in the process. When one 
molecule of glucose is broken down, it can be converted to a total of 36 or 38 molecules 
of ATP. This only occurs in the presence of oxygen. 

 

 

http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/biology/Blood?referrer=crossref
http://www.ck12.org/biology/Cells?referrer=crossref
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Chemical Reactions and Food Assessment 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales, 
including the atomic scale. 

1. What is the balanced chemical reaction for cellular respiration? (DOK 1) 
2. Explain how breathing plays a role in cellular respiration. (DOK 2) 
3. Draw a model to describe how the glucose from food is rearranged through 

chemical reactions. Label the reactants and products. (DOK 3) 
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2.1 Basics of a Wave:  Structure and Types  

 

This reading supports... 
MS-PS4-2 Develop and use a model to describe that waves are reflected, absorbed, or 
transmitted through various materials. 
 

 

This immense wall of moving water would give the surfer an amazing ride. The swelling 
surf will raise him up and push him forward as though he’s as light as a feather. All he 
needs to do is keep his balance on the surfboard. The incredible power of the wave will 
do the rest. When you think of waves, ocean waves like this one probably come to 
mind. But there are many other examples of waves.  Earthquake surface waves caused 
these railroad tracks to form their new, unusable form.  Waves affect all of us in our 
daily lives. We use light waves to see, our ears hear from the vibrations caused by 
sound waves, infrared waves are emitted from our remote controls to change television 
channels, and electromagnetic waves are used by our microwaves to quickly heat up 
our food.  What are waves, and what causes them? What are some other examples of 
waves?  

Introduction 

Ocean waves are among the most impressive waves in the world. They clearly show 
that waves transfer energy. In the case of ocean waves, energy is transferred through 
matter. But some waves, called electromagnetic waves, can transfer energy without 
traveling through matter. These waves can travel through space. You can read more 
about electromagnetic waves later in this chapter. Waves that transfer energy through 
matter are the focus of the first part of the chapter.  These waves are called mechanical 
waves. 
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The Medium 

The matter that a wave travels through is called the medium (plural, media). The 
medium in the figure to the right is a liquid — the water in the pond. But the medium of a 
mechanical wave can be any state of matter, 
including a solid or a gas. It’s important to note 
that particles of matter in the medium don’t 
actually travel along with the wave. Only the 
energy travels. The particles of the medium just 
vibrate, or move back-and-forth or up-and-down in 
one spot, always returning to their original 
positions. As the particles vibrate, they pass the 
energy of the disturbance to the particles next to 
them, which pass the energy to the particles next 
to them, and so on. 

Mechanical Waves 

A mechanical wave is a disturbance in matter that transfers energy from place to place. 
A mechanical wave starts when matter is disturbed. An example of a mechanical wave 
is pictured in the figure to the top right. A drop of water falls into a pond. This disturbs 
the water in the pond. What happens next? The disturbance travels outward from the 
drop in all directions. This is the wave. A source of energy is needed to start a 
mechanical wave. In this case, the energy comes from the falling drop of water. 

There are three types of mechanical waves. They differ in how they travel through a 
medium. The three types are:  (1) transverse, (2) longitudinal, and (3) surface waves. All 
three types are described in detail below. 

1. Transverse Waves 

A transverse wave is a wave in which the medium vibrates at right angles to the 
direction that the wave travels. An example of a transverse wave is a wave in a rope, 
like the one pictured in the figure below. In this wave, energy is provided by a person’s 
hand moving one end of the rope up and down. The direction of the wave is down the 
length of the rope away from the person’s hand. The rope itself moves up and down as 
the wave passes through it. You can see a brief video of a transverse wave in a rope at 
this URL: http://safeshare.tv/v/TZIr9mpERbU  

To see a transverse wave in slow motion, go to this URL:  
http://safeshare.tv/v/g49mahYeNgc  (0:22). 

http://safeshare.tv/v/TZIr9mpERbU
http://safeshare.tv/v/g49mahYeNgc
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In a transverse wave, the medium moves at right angles to the direction of the wave. 

Crests and Troughs 

A transverse wave can be characterized by the high and low 
points reached by particles of the medium as the wave 
passes through. The high points are called crests, and the 
low points are called troughs. 

There are many other terms that help us understand and 
classify the energy in transverse waves.  

The equilibrium of a transverse wave is where the particles 
of the medium would be if it were at rest.  (The line showing 
the direction of the wave is actually where the equilibrium 
would lie.)  Remember the molecules that make up the medium like to go back to their 
original resting position after they have transferred the energy. Amplitude is the 
distance from either the crest or the trough to the equilibrium. Wavelengths are most 
often measured peaks of crest to crest or trough to trough. One cycle would be from the 
crest of any wave to the next crest and is known as a wavelength.  Wavelengths can 
be measured in many different places as long as it measures one cycle.  

The number of waves that pass a fixed point in a given amount of time is wave 
frequency. Wave frequency can be measured by counting the number of crests (high 
points) of waves that pass the fixed point in 1 second or some other time period. The 
higher the number is, the greater the frequency of the waves. The SI unit for wave 
frequency is the hertz (Hz), where 1 hertz equals 1 wave passing a fixed point in 1 
second. The figure below shows high-frequency and low-frequency transverse waves. 
You can simulate transverse waves with different frequencies at these URLs:  

1) http://phet.colorado.edu/en/simulation/wave-on-a-string  

2.) http://zonalandeducation.com/mstm/physics/waves/partsOfAWave/waveParts.htm   

http://www.ck12.org/physical-science/Wave-Frequency-in-Physical-Science/lesson/Wave-Frequency/?referrer=concept_details#x-ck12-TVNfUFMtVHJhbnN2ZXJzZVdhdmU.
http://phet.colorado.edu/en/simulation/wave-on-a-string
http://zonalandeducation.com/mstm/physics/waves/partsOfAWave/waveParts.htm
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Q: The wavelength of a wave is the distance between corresponding points on adjacent 
waves. For example, it is the distance between two adjacent crests in the transverse 
waves in the diagram. Infer how wave frequency is related to wavelength. 

Example of Transverse Waves - S Waves 

Another example of transverse waves occurs 
with earthquakes. The disturbance that 
causes an earthquake sends transverse 
waves through underground rocks in all 
directions from the disturbance. Earthquake 
waves that travel this way are called 
secondary, or S, waves. An S wave is 
illustrated in the figure above. 

2. Longitudinal Waves 

Everyone knows about longitudinal waves. These waves allow us to hear. It is how 
sound is transmitted. Longitudinal waves are also the waves used in sonar and Doppler 
Radar. A longitudinal wave is a wave in which the medium vibrates in the same 
direction that the wave travels. An example of a longitudinal wave is a wave in a spring, 
like the one in the figure below. In this wave, the energy is provided by a person’s hand 
pushing and pulling the spring. The coils of the spring first crowd closer together and 
then spread farther apart as the disturbance passes through them. The direction of the 
wave is down the length of the spring, or the same direction in which the coils move. 
You can see a video of a slow motion longitudinal wave in a spring at this URL: 
http://safeshare.tv/v/ss57857ff3a95fb

 

http://www.ck12.org/physical-science/Wavelength-in-Physical-Science
http://www.ck12.org/physical-science/Distance-in-Physical-Science
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Compressions and Rarefactions 

A longitudinal wave can be characterized by the compressions and rarefactions of the 
medium. This is illustrated in the figure below. Compressions are the places where the 
coils are crowded together, and rarefactions are the places where the coils are spread 
apart. 

 

The compressions and rarefactions of a longitudinal wave are like the crests and 
troughs of a transverse wave. The wavelength on a longitudinal wave is measured 
differently because there are no crests and troughs rather compressions and 
rarefactions. A wavelength is measured from the same point on one compression the 
same point on the next compression.  Actually, as long as it includes one cycle, a 
longitudinal wave can be measured from any one point to the point at which it repeats 
itself. 

Example of Transverse Waves - P Waves 

Earthquakes cause longitudinal waves as well as transverse waves. The disturbance 
that causes an earthquake sends longitudinal waves through underground rocks in all 

directions from the disturbance. 
Earthquake waves that travel this way 
are called primary, or P, waves. They 
are illustrated in the figure below. 

P waves are longitudinal waves that 
travel through rocks under Earth’s 
surface. 
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3. Surface Waves 

A surface wave is a wave that travels along the surface of a medium. It combines a 
transverse wave and a longitudinal wave. Ocean waves are surface waves. They travel 
on the surface of the water between the ocean and the air. In a surface wave, particles 
of the medium move up and down as well as back and forth. This gives them an overall 
circular motion.  The further from the surface of the water the smaller the movement of 
the water particles. This is illustrated in the figures below and at the URL below. 
http://safeshare.tv/v/7yPTa8qi5X8      

 

In deep water, particles of water just move in 
circles. They don’t actually move closer to shore 
with the energy of the waves. However, near the 
shore where the water is shallow, the waves 
behave differently. They start to drag on the bottom, 
creating friction (see the figure to the right). The 
friction slows down the bottoms of the waves, while 
the tops of the waves keep moving at the same 
speed. This causes the waves to get steeper until 
they topple over and crash on the shore. The 
crashing waves carry water onto the shore as surf.  

The particles that make up water waves as well as 
longitudinal and transverse waves can be seen in 
motion at the following 

link.  http://www.acs.psu.edu/drussell/Demos/waves/wavemotion.html 
 

 

 

 

 

http://safeshare.tv/v/7yPTa8qi5X8
http://www.acs.psu.edu/drussell/Demos/waves/wavemotion.html
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Basics of a Wave Assessment 
Essential Skill:  Patterns can be used to identify cause and effect relationships. 

1. What are the 3 mediums a mechanical wave can travel through?  (DOK 1) 
2. Draw a model of a transverse wave. Label the crests, troughs, wavelength 

and amplitude. Add an arrow to show the direction the wave is traveling. 
(DOK 3) 

3. Draw a model of a longitudinal wave. Label the compression, rarefactions, 
and wavelength. Add an arrow to show the direction the wave is traveling. 
(DOK 3) 

4. Compare and contrast a longitudinal wave and a transverse wave. You may 
use your diagrams as a reference. (DOK 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



27 
 

2.2 Waves and Energy 

By the end of this reading you should be able to... 

MS-PS4-1  Use mathematical representations to describe a simple model for waves 
that includes how the amplitude of a wave is related to the energy in a wave.  

Introduction 

Tsunamis, or the waves caused by 
earthquakes, are unusually large ocean 
waves. You can see an example of a tsunami 
in the figure below. Because tsunamis are so 
big, they can cause incredible destruction and 
loss of life. The tsunami in the figure crashed 
into Thailand, sending people close to shore 
running for their lives. The height of a tsunami 
or other wave is just one way of measuring its 
size. 

 

The above tsunami occurred in Thailand 
on December 26, 2004.  To the right was 
the destruction caused by the tsunami in 
Japan on March 11, 2011. The energy of 
these waves caused major damage and 
a tremendous number of people lost their 
lives. For more information and videos 
you can research these events. 

http://safeshare.tv/v/ss578647f2a6b10 

 

Wave Amplitude and Energy 

What determines a wave’s amplitude? 
It depends on the energy of the 
disturbance that causes the wave. A 
wave caused by a disturbance with 
more energy has greater amplitude. 
Imagine dropping a small pebble into a 
pond of still water. Tiny ripples will move 
out from the disturbance in concentric 
circles. The ripples are low-amplitude 
waves. Now imagine throwing a big 
boulder into the pond. Very large waves 

will be generated by the disturbance. These waves are high-amplitude waves.  There is 
more energy generated from throwing the big boulder than the small pebble. 

http://safeshare.tv/v/ss578647f2a6b10
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Wavelength and Energy 

Another important measure of wave size is wavelength. Wavelength can be measured 
as the distance between two adjacent crests of a transverse wave or two adjacent 
compressions of a longitudinal wave. It is usually measured in meters. Wavelength is 
related to the energy of a wave. Short-wavelength waves have more energy than long-
wavelength waves of the same amplitude. You can see examples of waves with shorter 
and longer wavelengths in the figure below. 

 

 

Both of these waves have the 
same amplitude, but they differ in 
wavelength. Which wave has more 
energy? 

 

 

 

 

 

 

Wave Frequency and Energy 

The frequency of a wave is the same as the frequency 
of the vibrations that caused the wave. For example, 
to generate a higher-frequency wave in a rope, you 
must move the rope up and down more quickly. This 
takes more energy, so a higher-frequency wave has 
more energy than a lower-frequency wave with the 
same amplitude.  

The frequency of a wave is the same as the frequency of the vibrations that caused the 
wave. For example, to generate a higher-frequency wave in a rope, you must move the 
rope up and down more quickly. This takes more energy, so a higher-frequency wave 
has more energy than a lower-frequency wave with the same amplitude. 
 

The Medium Matters 

The speed of most waves depends on the medium through which they are traveling. 
Generally, waves travel fastest through solids and slowest through gases. That’s 
because particles are closest together in solids and farthest apart in gases. When 
particles are farther apart, it takes longer for the energy of the disturbance to pass from 
particle to particle.  Listening to a knock on the table versus listening to a knock with 
your ear down on the table will sound differently.  Try it!  What did you observe? 
 

http://www.ck12.org/physical-science/Energy-in-Physical-Science
http://www.ck12.org/physical-science/Energy-in-Physical-Science
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Waves and Energy Assessment 

Essential Skill:  Graphs, charts, and images can be used to identify patterns in data. 

1. How is wave amplitude measured in a transverse wave? (DOK 1) 
2. Describe the wavelength of a longitudinal wave. (DOK 1) 
3. Define wave frequency. (DOK 1) 
4. All of the waves in the sketch below have the same amplitude and speed. 

Which wave has the longest wavelength? Which has the highest frequency? 
Which has the greatest energy? Each answer of the three must be supported 
(DOK 2)

 
5. Relate wave amplitude, wavelength, and wave frequency to wave energy. 

(DOK 3) 
6. Waves A and B have the same speed, but wave A has a shorter wavelength. 

Which wave has the higher frequency? Explain how you know. (DOK 3) 
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2.3 Electromagnetic Waves 

By the end of this reading you should be able to... 
MS-PS4-2 Develop and use a model to describe that waves are reflected, absorbed, or 
transmitted through various materials. 
 

Electromagnetic waves are waves that carry energy through matter or space as 
vibrating electric and magnetic fields. Electromagnetic waves have a wide range of 
wavelengths and frequencies. Sunlight contains the complete range of wavelengths of 
electromagnetic waves, which is called the electromagnetic spectrum. The figure below 
shows all the waves in the spectrum. 

 

Let There Be Light 

Light includes infrared light, visible light, and ultraviolet light. As you can see from 
the figure above, light falls roughly in the middle of the electromagnetic spectrum. It has 
shorter wavelengths and higher frequencies than microwaves, but not as short and high 
as X rays. 

Q: Which type of light do you think is harmful to the skin? 
 

Infrared Light 

Light with the longest wavelengths is called infrared light. The term infrared means 
“below red.” Infrared light is the range of light waves that have longer wavelengths and 
lower frequencies than red light in the visible range of light waves. The sun gives off 
infrared light as do flames and living things. You can’t see infrared light waves, but you 
can feel them as heat. But infrared cameras and night vision goggles can detect infrared 
light waves and convert them to visible images. For a deeper understanding of infrared 
light, watch the video at this URL: http://safeshare.tv/v/2--0q0XlQJ0 . 

 

https://www.ck12.org/physical-science/Electromagnetic-Waves-in-Physical-Science?referrer=crossref
https://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
https://www.ck12.org/physics/Magnetic-Fields?referrer=crossref
https://www.ck12.org/physical-science/Electromagnetic-Spectrum-in-Physical-Science?referrer=crossref
https://www.ck12.org/physical-science/Light-in-Physical-Science/lesson/Light/#x-ck12-TVNfUFMtRU1TcGVjdHJ1bS1MaWdodA..
https://www.ck12.org/physical-science/Light-in-Physical-Science/lesson/Light/#x-ck12-TVNfUFMtRU1TcGVjdHJ1bS1MaWdodA..
https://www.ck12.org/physical-science/Light-in-Physical-Science/lesson/Light/#x-ck12-TVNfUFMtRU1TcGVjdHJ1bS1MaWdodA..
https://www.ck12.org/physical-science/Electromagnetic-Spectrum-in-Physical-Science?referrer=crossref
https://www.ck12.org/physical-science/Microwaves-in-Physical-Science?referrer=crossref
https://www.ck12.org/physical-science/X-rays-in-Physical-Science?referrer=crossref
https://www.ck12.org/earth-science/Sun?referrer=crossref
https://www.ck12.org/physical-science/Heat-in-Physical-Science?referrer=crossref
http://safeshare.tv/v/2--0q0XlQJ0
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Visible Light 

The only light that people can 
see is called visible light. This 
light consists of a very narrow 
range of wavelengths that falls 
between infrared light and ultraviolet light. Within the visible range, we see light of 
different wavelengths as different colors of light, from red light, which has the longest 
wavelength, to violet light, which has the shortest wavelength (see figure above). The 
visible light spectrum colors are red, orange, yellow, green, blue, indigo, and lastly violet 
(ROYGBIV). When all of the wavelengths of visible light are combined, as they are in 
sunlight, visible light appears white. You can learn more about visible light at this URL: 
http://safeshare.tv/v/PMtC34pzKGc 

 

Law of Reflection 
 

These dancers are practicing in front of a mirror so they can see 
how they look as they performs. They’re watching their image in 
the mirror as they dance. What is an image, and how does it get 
“inside” a mirror? In this article, you’ll find out. 
 

Reflected Light and Images 
 

Reflection is one of several ways that light can interact with 
matter. Light reflects off surfaces such as mirrors that do not 
transmit or absorb light. When light is reflected from a smooth 
surface, it may form an image. An image is a copy of an object 

that is formed by reflected (or refracted) light. 

Q: Is an image an actual object? If not, what is it? 

 

Law of Reflection 

One thing is true of both regular and diffuse reflection. 
The angle at which the reflected rays leave the surface 
is equal to the angle at which the incident rays strike 
the surface. This is known as the law of reflection. The 
law is illustrated in the this figure and also in this 
animation: 
http://www.physicsclassroom.com/mmedia/optics/lr.cfm 

 

 

 

 

 

https://www.ck12.org/physical-science/Wavelength-in-Physical-Science?referrer=crossref
http://safeshare.tv/v/PMtC34pzKGc
http://www.ck12.org/physical-science/Mirrors-in-Physical-Science
http://www.physicsclassroom.com/mmedia/optics/lr.cfm
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Transmission 

Transmission of light occurs when light passes 
through matter. As light is transmitted, it may 
pass straight through matter or it may be 
refracted or scattered as it passes through. 

When light is refracted, it changes direction as it 
passes into a new medium and changes speed. 
The straw in the Figure below looks bent where 
light travels from water to air. Light travels more 
quickly in air than in water and changes 
direction. For a detailed explanation of how this 

happens, watch the animation at this URL: 
http://www.physicsclassroom.com/mmedia/optics/bp.cfm 

Absorption 

Light may transfer its energy to matter rather than being reflected or transmitted by 
matter. This is called absorption. When light is absorbed, the added energy increases 
the temperature of matter. If you get into a car that has been sitting in the sun all day, 
the seats and other parts of the car’s interior may be almost too hot to touch, especially 
if they are black or very dark in color. That’s because dark colors absorb most of the 
sunlight that strikes them. 

Q: In hot sunny climates, people often dress in light-colored clothes. Why is this 
a good idea? 

 

Classifying Matter in Terms of Light 

Matter can be classified on the basis of its interactions with light. 
Matter may be transparent, translucent, or opaque. An example 
of each type of matter is pictured in the figure to the right. 

 Transparent matter is matter that transmits light without 
scattering it. Examples of transparent matter include air, 
pure water, and clear glass. You can see clearly through 
transparent objects, such as the top panes of the window, 
because just about all of the light that strikes them passes 
through to the other side. 

 Translucent matter is matter that transmits light but scatters 
the light as it passes through. Light passes through 
translucent objects but you cannot see clearly through them 
because the light is scattered in all directions. The frosted 
glass panes at the bottom of the window are translucent. 

 Opaque matter is matter that does not let any light pass through it. Matter may be 
opaque because it absorbs light, reflects light, or does some combination of both. 

 

 

http://www.ck12.org/physical-science/Speed-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Visible-Light-and-Matter-in-Physical-Science/lesson/Visible-Light-and-Matter-MS-PS/#x-ck12-TVNfUFMtQmVudFBlbmNpbA..
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.physicsclassroom.com/mmedia/optics/bp.cfm
http://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Temperature-in-Physical-Science?referrer=crossref
http://www.ck12.org/earth-science/Sun?referrer=crossref
http://www.ck12.org/physical-science/Color-in-Physical-Science?referrer=crossref
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Examples of opaque 
objects are objects made 
of wood, like the shutters 
in the first figure. The 
shutters absorb most of 
the light that strikes them 
and reflect just a few 
wavelengths of visible 
light. The glass mirror is 
also opaque. That’s 
because it reflects all of 
the light that strikes it. 

Ultraviolet Light 

Light with wavelengths shorter than visible light is called ultraviolet light. The term 
ultraviolet means “above violet.” Ultraviolet light is the range of light waves that have 
shorter wavelengths and higher frequencies than violet light in the visible range of light. 
With higher frequencies than visible light, ultraviolet light has more energy. It can be 
used to kill bacteria in food and to sterilize surgical instruments. The human skin also 
makes vitamin D when it is exposed to ultraviolet light. Vitamin D, in turn, is needed for 
strong bones and teeth. You can learn more about ultraviolet light and its discovery at 
this URL: http://safeshare.tv/v/QW5zeVy8aE0 

Too much exposure to ultraviolet light can cause sunburn and skin cancer. You can 
protect your skin from ultraviolet light by wearing clothing that covers your skin, applying 
sunscreen to any exposed areas, and wearing a hat to protect your 
head from exposure. The SPF, or sun-protection factor, of 
sunscreen gives a rough idea of how long it protects the skin from 
sunburn (see figure above). A sunscreen with a higher SPF value 
protects the skin longer. Sunscreen must be applied liberally and 
often to be effective, and no sunscreen is completely waterproof. 
You can learn more about the dangers of ultraviolet light at this 
URL: http://safeshare.tv/v/np-BBJyl-go 

Q: You should apply sunscreen even on cloudy days. Can you explain why? 
 

Explore More 

At the first URL below, find the UV index for your zip code: 
http://www.epa.gov/sunwise/uvindex.html 
 
Then, at the second URL, learn what this value of the index means and what steps you 
should take to protect yourself from this level of UV radiation. 
http://www.epa.gov/sunwise/kids/kids_uvindex.html 

 

 

 

https://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
http://safeshare.tv/v/QW5zeVy8aE0
https://www.ck12.org/life-science/Cancer-in-Life-Science?referrer=crossref
https://www.ck12.org/earth-science/Sun?referrer=crossref
http://safeshare.tv/v/np-BBJyl-go
http://www.epa.gov/sunwise/uvindex.html
http://www.epa.gov/sunwise/kids/kids_uvindex.html


34 
 

Light Assessment 

Essential Skill:  Structures can be designed to serve particular functions by taking into 
account properties of different materials, and how materials can be shaped and used. 

1. Name all the colors in the visible light spectrum in order of largest wavelength 
to shortest wavelength. (DOK 1) 

2. Compare and contrast light waves and mechanical waves. (DOK 2) 
3. Diagram light being reflected, refracted, and absorbed. (DOK 3) 
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2.4 Waves and Transmitting Information 

By the end of this reading, you should be able to… 

MS-PS4-3: Integrate qualitative scientific and technical information to support the claim 
that digitized signals (sent as wave pulses) are more reliable way to encode and 
transmit information. 

 

Did you ever make a secret code by assigning each letter of the alphabet a unique 
symbol? The code shown above is believed to have been used by George Washington 
to send secret messages during the American Revolutionary War. A different type of 
code can be sent with electric current. 

Q: How do you think electric current can be used to encode messages? 

 

Electronic Messages 

Electric devices, such as lights and household appliances, change electrical current to 
other forms of energy. For example, an electric stove changes electric current to 
thermal energy. Other common devices, such as mobile phones and computers, use 
electric current for another purpose: to encode information. A message encoded this 
way is called an electronic signal, and the use of electric current for this purpose is 
called electronics. For an overview of electronics and electronic signals, read the short 
article at this URL: 
http://www.bbc.co.uk/scotland/learning/bitesize/standard/physics/electronics/ove
rview_rev1.shtml . 

Electronic Device 

If you were born in the last few decades, it’s 
probably impossible for you to imagine life 
without the computer. The computer is just 
one of many electronic devices that make 
modern life possible. 

What are Electronic Devices? 

Many of the devices people commonly use 
today are electronic devices. Electronic 

devices use electric current to encode, analyze, or transmit information. In addition to 
computers, they include mobile phones, TV remotes, DVD and CD players, and digital 
cameras, to name just a few. Can you think of other electronic devices that you use? 

http://www.ck12.org/physical-science/Electric-Current-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Electric-Current-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Electric-Current-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
http://www.bbc.co.uk/scotland/learning/bitesize/standard/physics/electronics/overview_rev1.shtml
http://www.bbc.co.uk/scotland/learning/bitesize/standard/physics/electronics/overview_rev1.shtml
http://www.ck12.org/physical-science/Electric-Current-in-Physical-Science
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To encode a message with electric current, the voltage is changed rapidly, over and 
over again. Voltage is a difference in electric potential energy that is needed in order for 
electric current to flow. There are two different ways voltage can be changed, resulting 
in two different types of electronic signals, called analog signals and digital signals. 

 

Analog Signals 

Analog signals consist of continuously changing 
voltage in an electric circuit. The figure to the left 
represents analog signals. These were the first 
electronic signals to be invented. They were used 
in early computers and other early electronic 
devices. Analog signals are subject to distortion 
and noise, so they aren’t used as often anymore. 
They are used mainly in microphones and some 
mobile phones to encode sounds as electronic 
signals. 
 

 

Digital Signals   

Today, most electronic signals are digital signals. Digital 
signals consist of rapid pulses of voltage that repeatedly 
switch the current off and on. The figure to the right 
represents digital signals. This type of signal encodes 
information as a string of 0’s (current off) and 1’s (current 
on). This is called a binary (“two-digit”) code. The majority 
of modern electronic devices, including computers and 
many mobile phones, encode data as digital signals. 
Compared with analog signals, digital signals are easier to 
transmit and more accurate. 
 

Transmitting Information Assessment 

Essential Skill:  Patterns in rates of change and other numerical relationships can 
provide information about natural and human-designed systems. 

1. What is an electronic device? (DOK 1) 
2. Use a Venn Diagram to compare and contrast analog and digital signals. (DOK 

2) 
3. Fiber optics transmits electrical signals via light waves. Is this a better way of 

transmitting data? Use evidence from light waves and digital signal sections to 
support your claims. (DOK 4) 

 

 

 

 

 

 

http://www.ck12.org/physics/Voltage?referrer=crossref
http://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
http://www.ck12.org/physics/Voltage?referrer=crossref
http://www.ck12.org/physical-science/Electronic-Signal-in-Physical-Science/lesson/Electronic-Signal/#x-ck12-TVNfUFMtRGlnaXRhbA..
http://www.ck12.org/physical-science/Electronic-Signal-in-Physical-Science/lesson/Electronic-Signal/#x-ck12-TVNfUFMtRGlnaXRhbA..
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3.1  Earth's Interior Material 
This reading supports… 

MS-ESS2-2 - Construct an explanation based on evidence for how geoscience 

processes have changed Earth’s surface at varying time and spatial scales. 

In A Journey to the Center of the Earth, what did they 
find? 

Jules Verne published A Journey to the Center of the Earth 
in 1864 with very little idea of what was below the surface. 
Unfortunately, there are no volcanic tubes in which to travel 
deep within the planet, as Verne had imagined. But scientists 
have learned a lot about Earth's interior using seismic 
waves, rocks, and calculations of Earth's density and 
magnetism. 

 

 

 

 

Clues about Earth’s Interior 

1. Earth’s overall density is higher than the 
density of crustal rocks, so the core must be 
made of something dense, like metal. 

2. Since Earth has a magnetic field, there must 
be metal within the planet. Iron and nickel are both magnetic. 

3. Meteorites are the remains of the material that formed the early solar system and 
are thought to be similar to material in Earth’s interior (see figure).  This meteorite 
contains silica minerals and iron-nickel. The material is like the boundary between 
Earth's core and mantle. The meteorite is 4.2 billion years old. 

How deep can we go into Earth's interior? 

Not very deep, that's for sure! The deepest a drill hole has gotten was the Kola 
Superdeep Borehole. That hole got to 40,230 feet (12,262 m), about one-third of the 
way into the crust in that area. So learning about what's deeper requires less direct 
methods. A few of these methods will be described in this concept. 
 

 

 

 

 

http://www.ck12.org/earth-science/Earths-Interior
http://www.ck12.org/earth-science/Seismic-Waves
http://www.ck12.org/earth-science/Seismic-Waves
http://www.ck12.org/earth-science/Rocks
http://www.ck12.org/earth-science/Rocks
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Learning about Earth’s Interior 

If someone told you to figure out what is inside Earth, what would you do? How could 
you figure out what is inside our planet? How do scientists figure it out? 

Seismic Waves 

Geologists study earthquake waves to “see” Earth's interior. Waves of energy radiate 
out from an earthquake’s focus. These waves are called seismic waves (see figure 
below). Seismic waves go different speeds through different materials. They change 
speed when they go from one type of material to another. This causes them to bend. 
Some seismic waves do not travel through liquids or gases. They just stop.  Scientists 
use information from seismic waves to understand what makes up the Earth’s interior. 

 

 

The properties of 
seismic waves 

allow scientists to 
understand the 
composition of 
Earth's interior. 

 

 

 

 

 

 

 

 

 

 

Earth's Layers 

 

If we could cut Earth open, we'd see the 
inner core at the center, then the outer 
core, the mantle in the middle and the 
crust on the outside. If you are talking 
about plates, though, there's the brittle 
lithosphere riding on the plastic 
asthenosphere. Whew! 

 

 

http://h/
http://www.ck12.org/physics/Energy
http://dictionary.reference.com/browse/seismic%20waves?s=t
http://www.ck12.org/earth-science/Earths-Interior/lesson/Earths-Interior/?referrer=featured_content#x-ck12-TVMtRVMtMDYtMDE.
http://www.ck12.org/earth-science/Seismic-Waves
http://www.ck12.org/physical-science/Speed-in-Physical-Science
http://www.ck12.org/chemistry/Liquids
http://www.ck12.org/chemistry/Gases
http://dictionary.reference.com/browse/lithosphere?s=t
http://dictionary.reference.com/browse/lithosphere?s=t
http://dictionary.reference.com/browse/asthenosphere?s=t


39 
 

Layers by Composition 
 
The layers scientists recognize are 
pictured below (see figure to right). 
 

A cross section of Earth showing the following 
layers: (1) crust (2) mantle (3a) outer core (3b) 
inner core (4) lithosphere (5) asthenosphere (6) 
outer core (7) inner core. 

 

Core, mantle, and crust are divisions 
based on composition: 

1. The crust is less than 1% 
of Earth by mass. The two 
types are oceanic crust 
and continental crust.  Continental crust is thicker but less dense than oceanic 
crust and oceanic crust is thinner but denser than continental crust.  This is 
due to the different elements that make up each type of crust.  It is composed 
of rocky aluminum and silicates. 

2. The mantle is hot rock composed of primarily silicates, iron and magnesium. 
It represents about 68% of Earth's mass. 

3. The core is mostly iron and some nickel metal. The core makes up about 
31% of the Earth. 

 

Layers by Mechanical Properties 

 

Lithosphere and asthenosphere are divisions based on mechanical properties: 

1. The lithosphere is composed of both the crust and the portion of the upper 
mantle and behaves as a brittle, rigid solid. 

2. The asthenosphere is partially molten upper mantle material and behaves 
plastically and can flow. 

3. The mesosphere is the solid layer found directly under the 
asthenosphere.  Temperatures are higher than the asthenosphere but no 
melting occurs here due to the tremendous pressure of the overlying rock 
layers. 

4. The outer core is a liquid layer of metal found directly below the 
mesosphere.  Seismic S waves do not pass through this layer.  It is thought 
that the circulation in this layer is creating Earth’s magnetic field. 

5. The inner core is the solid inner most layer of the Earth.  

This animation shows the layers by composition and by mechanical properties: 
http://earthguide.ucsd.edu/eoc/teachers/t_tectonics/p_layers.html. 

 

 

http://www.ck12.org/earth-science/Lithosphere-and-Asthenosphere
http://earthguide.ucsd.edu/eoc/teachers/t_tectonics/p_layers.html
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Earth’s Interior Assessment 
Essential Skill:  Construct an explanation based on evidence for how geoscience 
processes have changed Earth’s surface at varying time and spatial scales. 
 

1. Make a simple sketch of Earth’s interior layers and label the crust, mantle, inner 
core, outer core, lithosphere and asthenosphere.  (DOK 1) 

 

2. How does the density of material differ from the inner core to the crust?  Explain 
why this difference occurs.  (DOK 2) 

 

3. How are earthquakes related to the interior layers of the Earth?  (DOK 3) 
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3.2 Early Theories 

This reading supports… 
MS-ESS2-2 Construct an explanation based on evidence for how geoscience 
processes have changed Earth’s surface at varying time and spatial scales 
 
MS-ESS2-3 Analyze and interpret data on the distribution of fossils and rocks, 
continental shapes, and seafloor structures to provide evidence of the past plate 
motions  

 

 

The supercontinent Pangaea contained all of the modern 
day continents. 

 

 

 

 

 

 

 

The Continental Drift Idea 

Alfred Wegener was an early 20th century German meteorologist. Wegener believed 
that the continents were once all joined together. He named the supercontinent 
Pangaea, meaning “all earth. “ Wegener suggested that Pangaea broke up long ago. 
Since then, the continents have been moving to their current positions. He called his 
hypothesis continental drift. 

Evidence for Continental Drift 

Wegener and his supporters collected a great deal of evidence for the continental drift 
hypothesis. Wegener found that this evidence was best explained if the continents had 
at one time been joined together. 

Rocks and Geologic Structures 

Wegener found rocks of the same type and age on both sides of the Atlantic Ocean. He 
thought that the rocks formed side by side. These rocks then drifted apart on separate 
continents.  Wegener also matched up mountain ranges across the Atlantic Ocean. The 
Appalachian Mountains were just like mountain ranges in eastern Greenland, Ireland, 
Great Britain, and Norway. Wegener concluded that they formed as a single mountain 
range. This mountain range broke apart as the continents split up. The mountain range 
separated as the continents drifted. 
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Fossil Plants and Animals 

Wegener also found evidence for continental drift from fossils (figure below). The same 
type of plant and animal fossils are found on continents that are now widely separated. 
These organisms would not have been able to travel across the oceans. 

Fossils of the seed fern Glossopteris are found across all of the southern continents. 
These seeds are too heavy to be carried across the ocean by wind. Mesosaurus fossils 
are found in South America and South Africa. Mesosaurus could swim, but only in fresh 
water. Cynognathus and Lystrosaurus were reptiles that lived on land. Both of these 
animals were unable to swim at all. Their fossils have been found across South 
America, Africa, India and Antarctica.   

Wegener thought that all of these 
organisms lived side by side. The 
lands later moved apart so that the 
fossils are separated. 
 

 

Wegener used fossil evidence to support his 
continental drift hypothesis. The fossils of these 
organisms are found on lands that are now far 
apart. Wegener suggested that when the 
organisms were alive, the lands were joined and 
the organisms were living side-by-side. 

Climate 

Coral reefs are found only in warm 
water. Coal swamps are also found in tropical and subtropical environments. Wegener 
discovered ancient coal seams and coral reef fossils in areas that are much too cold 
today. Wegener thought that the continents have moved since the time of Pangaea. 
 

Glaciation 

Wegener also looked at evidence from ancient glaciers. Glaciers are found in very cold 
climates near the poles. The evidence left by some ancient glaciers is very close to the 
equator. Wegener knew that this was impossible! However, if the continents had 
moved, the glaciers would have been centered close to the South Pole. 
 

 

Magnetic Evidence 

Some important evidence for continental drift came after 
Wegener's death. This is the magnetic evidence. Earth's 
magnetic field surrounds the planet from pole to pole. If 
you have ever been hiking or camping, you may have 
used a compass to help you find your way. A compass 
points to the magnetic North Pole. The compass needle 
aligns with Earth’s magnetic field (figure right). 

Earth’s magnetic field is like a magnet with its north pole near the 
geographic North Pole and the south pole near the geographic South Pole. 

http://www.ck12.org/section/Continental-Drift-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMDc.
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Some rocks contain little compasses too! As lava cools, tiny iron-rich crystals line up 
with Earth’s magnetic field. Anywhere lavas have cooled, these magnetite crystals point 
to the magnetic poles. The little magnets point to where the North Pole was when the 
lava cooled. Scientists can use this to figure out where the continents were at that time. 
This evidence clearly shows that the continents have moved. 

During Wegener’s life, scientists did not know how the continents could move. 
Wegener’s idea was nearly forgotten. But as more evidence mounted, new ideas came 
about. 

Seafloor Spreading 

 

 

What causes the strange stripes on the seafloor? This 
pattern of stripes could represent what scientists see on the 
seafloor. Note that the stripes are symmetrical about the 
central dusky purple stripe. In the oceans, magnetic stripes 
are symmetrical about a mid-ocean ridge axis. What could 
cause this? What could it possibly mean? 
 

 

Seafloor Magnetism 

On our transit to the Mid-Atlantic ridge, we tow a magnetometer behind the ship. 
Shipboard magnetometers reveal the magnetic polarity of the rock beneath them. The 
practice of towing a magnetometer began during WWII when navy ships towed 
magnetometers to search for enemy submarines. 

When scientists plotted the points of normal 
and reversed polarity on a seafloor map they 
made an astonishing discovery: the normal 
and reversed magnetic polarity of seafloor 
basalts creates a pattern. 

 Stripes of normal polarity and reversed 
polarity alternate across the ocean bottom. 

 Stripes form mirror images on either side 
of the mid-ocean ridges (figure below). 

 Stripes end abruptly at the edges of 
continents, sometimes at a deep sea 
trench (figure below). 

Magnetic polarity is normal at the ridge crest but 
reversed in symmetrical patterns away from the ridge 
center. This normal and reversed pattern continues 
across the seafloor. 

The magnetic stripes are what created the figure above. Research cruises today 
changed magnetometers to add detail to existing magnetic polarity data. 
 

http://www.ck12.org/embed/#module=concept&handle=Seafloor&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Seafloor&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#x-ck12-RVMgNi4zLjM.
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Seafloor Age 

The scientists noticed that the rocks got older with distance from the mid-ocean ridges. 
The youngest rocks were located at the ridge crest and the oldest rocks were located 
the farthest away, abutting continents. 

Scientists also noticed that the characteristics of the rocks and sediments changed with 
distance from the ridge axis as seen in the table below. 

 
Rock ages Sediment 

thickness 
Crust 

thickness 
Heat flow 

At ridge axis youngest none thinnest hottest 

With distance 
from axis 

becomes 
older 

becomes thicker becomes 
thicker 

becomes 
cooler 

 

Away from the ridge crest, sediment becomes older and thicker, and the seafloor 
becomes thicker. Heat flow, which indicates the warmth of a region, is highest at the 
ridge crest.  A map of sediment thickness is found here: 
http://earthguide.ucsd.edu/eoc/teachers/t_tectonics/p_sedimentthickness.html . 

 

The oldest seafloor is near the edges of continents or deep sea trenches and is less 
than 180 million years old (figure below). Since the oldest ocean crust is so much 
younger than the oldest 
continental crust, scientists 
realized that something was 
happening to the older seafloor. 

 

Seafloor is youngest at the mid-ocean ridges 
and becomes progressively older with 
distance from the ridge. 

How can you explain the 
observations that scientists have 
made in the oceans? Why is rock 
younger at the ridge and oldest at 
the farthest points from the ridge? The scientists suggested that seafloor was being 
created at the ridge. Since the planet is not getting larger, they suggested that it is 
destroyed in a relatively short amount of geologic time.  This 65 minute video explains 
“The Role of Paleomagnetism in the Evolution of Plate Tectonic 
Theory”:  http://online.wr.usgs.gov/calendar/2004/jul04.html. 

 
 

http://www.ck12.org/embed/#module=concept&handle=Rocks&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Distance-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Distance-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#x-ck12-dGFibGU6Q2hhckNydXN0YWxSb2Nr
http://www.ck12.org/embed/#module=concept&handle=Distance-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://earthguide.ucsd.edu/eoc/teachers/t_tectonics/p_sedimentthickness.html
http://www.ck12.org/embed/#x-ck12-RWFyU2NpLTA2MDMtMDQ.
http://online.wr.usgs.gov/calendar/2004/jul04.html
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Early Theories Assessment  
Essential Skill:  Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 
 

Essential Skill:  Patterns in rates of change and other numerical relationships can 
provide information about natural systems. 
 

1) Who was Alfred Wegener and what important geologic hypothesis did he propose? 
(DOK 1) 

 

2) Explain why Wegener’s hypothesis of Continental Drift was not accepted by the other 
scientists of his day. (DOK 2) 

 

3) What is the relationship between the discovery of seafloor spreading and Continental 
Drift? (DOK 3) 
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3.3 Theory of Plate Tectonics 

This reading supports… 
MS-ESS2-2 Construct an explanation based on evidence for how geoscience 
processes have changed Earth’s surface at varying time and spatial scales. 
 

By the end of this reading, you should be able to…. 
MS-ESS2-3 Analyze and interpret data on the distribution of fossils and rocks, 
continental shapes, and seafloor structures to provide evidence of the past plate 
motions. 
 

 
 

The theory of plate tectonics explains most of the features of Earth’s surface. Plate tectonics 

helps us to understand where and why mountains form. Using the theory, we know where new 

ocean floor will be created and where it will be destroyed. We know why earthquakes and 

volcanic eruptions happen where they do. We even can search for mineral resources using 

information about past plate motions. Plate tectonics is the key that unlocks many of the 

mysteries of our amazing planet. 

Earth’s Tectonic Plates 
 

The Cold War helped scientists to learn more 
about our planet. They set up seismograph 
networks during the 1950s and early 1960s. The 
purpose was to see if other nations were testing 
atomic bombs. Of course, at the same time, the 
seismographs were recording earthquakes. 

The scientists realized that the earthquakes 
were most common in certain areas. In the 
oceans, they were found along mid-ocean ridges 
and deep sea trenches. Earthquakes and 
volcanoes were common all around the Pacific Ocean. They named this region the 
Pacific Ring of Fire (figure right). Earthquakes are also common in the world’s highest 
mountains, the Himalaya Mountains of Asia. The Mediterranean Sea also has many 
earthquakes. 
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Earthquakes and Plate Boundaries 

Earthquakes are used to 
identify plate boundaries (figure 
right). When earthquake 
locations are put on a map, 
they outline the plates. The 
movements of the plates are 
called plate tectonics. 
 

A map of earthquake epicenters shows 
that earthquakes are found primarily in 
lines that run up the edges of some 
continents, through the centers of some 
oceans, and in patches in some land 
areas. 

 

The lithosphere is divided into a 
dozen major and several minor plates. Each plate is named for the continent or ocean 
basin it contains. Some plates are made of all oceanic lithosphere. A few are all 
continental lithosphere. But most plates are made of a combination of both. 
 

Scientists have determined the direction that each plate is moving (figure below). Plates 
move around the Earth’s surface at a rate of a few centimeters a year. This is about the 
same rate fingernails grow. 

 

Earth's plates are shown in different shades. Arrows 
show the direction the plate is moving. 

 

 

How Plates Move 

Convection within the Earth’s mantle 
causes the plates to move. Mantle 
material is heated above the core. The 
hot mantle rises up towards the surface 
(see following figure). As the mantle 
rises it cools. At the surface the 

material moves horizontally away from a mid-ocean ridge crest. The material continues 
to cool. It sinks back down into the mantle at a deep sea trench. The material sinks back 
down to the core. It moves horizontally again, completing a convection cell. 

http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMTU.
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Plates move for two 
reasons. Upwelling 
mantle at the mid-
ocean ridge pushes 
plates outward. Cold 
lithosphere sinking into 
the mantle at a 
subduction zone pulls 
the rest of the plate 
down with it. 

 

 

 

 

Plate Boundaries 

Plate boundaries are where two plates meet. Most geologic activity takes place at 
plate boundaries. This activity includes volcanoes, earthquakes, and mountain building. 
The activity occurs as plates interact. How can plates interact? Plates can move away 
from each other. They can move toward each other. Finally, they can slide past each 
other. 

These are the three types of plate boundaries: 
 Divergent plate boundaries: the two plates move away from each other. 
 Convergent plate boundaries: the two plates move towards each other. 

 Transform plate boundaries: the two plates slip past each other. 
The features that form at a plate boundary are determined by the direction of plate 
motion and by the type of crust at the boundary. 

Divergent Plate Boundaries 

Plates move apart at divergent plate boundaries. This 
can occur in the oceans or on land. 

Mid-ocean Ridges 

Plates move apart at mid-ocean ridges. Lava rises 
upward, erupts, and cools. Later, more lava erupts and 
pushes the original seafloor outward. This is seafloor 
spreading. Seafloor spreading forms new oceanic crust. 
The rising magma causes earthquakes. Most mid-
ocean ridges are located deep below the sea. The 

island of Iceland sits right on the Mid-Atlantic ridge (figure to the upper left). 
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Continental Rifting 

A divergent plate boundary can also occur within a continent. This is called continental 
rifting (figure below). Magma rises beneath the continent. The crust thins, breaks, and 
then splits apart. This first produces a rift valley. The East African Rift is a rift valley. 
Eastern Africa is splitting away from the African continent. Eventually, as the continental 

crust breaks apart, oceanic crust will form. This is how the 
Atlantic Ocean formed when Pangaea broke up. 

The Arabian, Indian, and African plates are drifting apart, forming the Great Rift 
Valley in Africa. The Dead Sea fills the rift with seawater. 

Amazingly, even divergence can create mountain ranges. 
When tensional stresses pull crust apart, it breaks into 
blocks that slide up and drop down along normal faults. The 
result is alternating mountains and valleys, known as a 
basin-and-range (figure below). In basin-and-range, some 
blocks are uplifted to form ranges, known as horsts, and 
some are down-dropped to form basins, known as grabens. 

(a) Horsts and grabens. (b) Mountains in Nevada are of classic basin-and-range form. 

This is a very quick animation of movement of blocks in a basin-and-range setting: 
http://earthquake.usgs.gov/learn/animations/animation.php?flash_title=Horst+%26amp%3B+Grab
en&flash_file=horstandgraben&flash_width=380&flash_height=210. 

Explore More 

Use this resource to answer the questions that follow. 
http://www.tectonics.caltech.edu/outreach/animations/himalayas_small.html 

1. What are the four things that you can see at the surface at the beginning of the 
video? Be as specific as possible. 

2. What is happening plate tectonically at the beginning of the video? What geological 
activity is visible on the video? 

3. What happens to the oceanic crust in between when the two continents meet? 
4. What happens as the continent on the left continues to collide with the continent on 

the right? 

 

http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMTg.
http://www.ck12.org/embed/#module=concept&handle=Faults&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#x-ck12-RmlndXJlLTA3LTIwLVRlbnNpb25hbC1zdHJlc3Nlcw..
http://earthquake.usgs.gov/learn/animations/animation.php?flash_title=Horst+%26amp%3B+Graben&flash_file=horstandgraben&flash_width=380&flash_height=210
http://earthquake.usgs.gov/learn/animations/animation.php?flash_title=Horst+%26amp%3B+Graben&flash_file=horstandgraben&flash_width=380&flash_height=210
http://www.tectonics.caltech.edu/outreach/animations/himalayas_small.html
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Convergent Plate Boundaries 

A convergent plate boundary forms where two plates collide. That collision can happen 
between a continent and oceanic crust, between two oceanic plates, or between two 
continents. Oceanic crust is always destroyed in these collisions. 

Ocean-Continent Convergence 

Oceanic crust may collide with a continent. The oceanic plate is denser, so it undergoes 
subduction. This means that the oceanic plate sinks beneath the continent. This 
occurs at an ocean trench (Figure below). Subduction zones are where subduction 
takes place. 

As you would expect, where plates collide there are lots of intense earthquakes and 
volcanic eruptions. The subducting oceanic plate melts as it re-enters the mantle. The 
magma rises and erupts. This creates a volcanic mountain range near the coast of the 
continent. This range is called a volcanic arc. The Andes Mountains, along the western 
edge of South America, are a volcanic arc (Figure below). 

Subduction of an oceanic plate beneath a continental plate forms a line of volcanoes known as a 
continental arc and causes earthquakes. 

A relief map of South America 
shows the trench west of the 
continent. The Andes Mountains line 
the western edge of South America. 

 

 

 

 

 

 

Ocean-Ocean Convergence 

Subduction of oceanic lithosphere at 
convergent plate boundaries builds 
mountain ranges. This happens on 
continental crust, as in the Andes 
Mountains (figure below), or on oceanic 
crust, as with the Aleutian Islands. The 
Cascades Mountains of the western U.S. 
are also created this way. 

 

 

 

 

 

http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMTk.
http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMjA.
http://www.ck12.org/embed/#x-ck12-RWFyU2NpLTA3MDEtMjI.
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Two oceanic plates may collide. In this case, the older plate is denser. This plate 
subducts beneath the younger plate. As the subducting plate is pushed deeper into the 
mantle, it melts. The magma this creates rises and erupts. This forms a line of 
volcanoes, known as an island arc (figure below). Japan, Indonesia, the Philippine 
Islands, and the Aleutian Islands of Alaska are examples of island arcs (figure below). 
 

A convergent plate boundary subduction zone between two 
plates of oceanic lithosphere. Melting of the subducting plate 
causes volcanic activity and earthquakes. 
 

 

 

 

 

The Aleutian Islands that border southern Alaska are an island arc. In 
this winter image from space, the volcanoes are covered with snow. 

 

 

 

 

 

Continent-Continent Convergence 

Continental lithosphere is low in density and 
very thick. So when two continental plates 
collide, they smash together, just like if you put 
your hands on two sides of a sheet of paper 
and bring your hands together.  

The material has nowhere to go but up (figure 
right). Earthquakes and metamorphic rocks 
result from the tremendous forces of the 
collision. But the crust is too thick for magma 
to get through, so there are no volcanoes. 
 

 

 

 

 

 

http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMjI.
http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMjM.
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When two converging continental plates smash upwards to create gigantic mountain 
ranges (figure below). Stresses from this uplift cause folds, reverse faults, and thrust 
faults, which allow the crust to rise upwards. There is currently no mountain range of 
this type in the western U.S., but we can find one where India is pushing into Eurasia. 

 

 

(a) The world’s highest mountain 
range, the Himalayas, is growing 
from the collision between the 
Indian and the Eurasian plates. (b) 
The crumpling of the Indian and 
Eurasian plates of continental 
crust creates the Himalayas. 
 

 

 

 

 

 

Transform Plate Boundaries 

Two plates may slide past each other in opposite directions. This is called a transform 
plate boundary. These plate boundaries experience massive earthquakes. The world’s 
best known transform fault is the San Andreas Fault in California (figure below). At this 
fault, the Pacific and North American plates grind past each 
other. Transform plate boundaries are most common as offsets 
along mid-ocean ridges. 

Transform plate boundaries are different from the other two 
types. At divergent plate boundaries, new oceanic crust is 
formed. At convergent boundaries, old oceanic crust is 
destroyed. But at transform plate boundaries, crust is not 
created or destroyed. 

The red line is the San Andreas Fault. On the left is the Pacific Plate, which is 
moving northeast. On the right is the North American Plate, which is moving 
southwest. The movement of the plates is relative to each other. 

 

 

 

 

 

 

http://www.ck12.org/embed/#module=concept&handle=Faults&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMjY.
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Hotspots in the Oceans 

A chain of volcanoes forms as an oceanic plate moves over a hot spot. This is how it 
happens. A volcano forms over the hotspot. Since the plate is moving, the volcano 
moves off of the hotspot. When the hotspot erupts again, a new volcano forms over it. 
This volcano is in line with the first. Over 
time, there is a line of volcanoes. The 
youngest is directly above the hot spot. 
The oldest is the furthest away (figure to 
the right). 

This view of the Hawaiian Islands shows the 
youngest islands in the southeast and the oldest in 
the northwest. Kilauea volcano, which makes up the 
southeastern side of the Big Island of Hawaii, is 
located above the Hawaiian hotspot. 

The Hawaii-Emperor chain of volcanoes 
formed over the Hawaiian Hotspot. The 
Hawaiian Islands formed most recently. 
Kilauea volcano is currently erupting. It is 
over the hotspot. The Emperor 
Seamounts are so old they no longer 
reach above sea level. The oldest of the 
Emperor Seamounts is about to subduct 
into the Aleutian trench off of Alaska. 
Geologists use hotspot chains to tell the 
direction and the speed a plate is moving. 

Hotspots beneath Continents 

 

Yellowstone Lake lies at the center of a giant caldera. This 
hole in the ground was created by enormous eruptions at the 
Yellowstone hotspot. The hotspot lies beneath Yellowstone 
National Park. 

 

Hot spots are also found under the 
continental crust. Since it is more difficult for 
magma to make it through the thick crust, 
they are much less common. One exception 
is the Yellowstone hotspot (figure above). 
This hotspot is very active. In the past, the 
hotspot produced enormous volcanic 
eruptions. Now its activity is best seen in the 
region’s famous geysers. 
 

 

http://www.ck12.org/section/Theory-of-Plate-Tectonics-%3A%3Aof%3A%3A-MS-Plate-Tectonics-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDYtMjk.
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Theory of Plate Tectonics Assessment 
Essential Skill: Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 
 

Essential Skill: Patterns in rates of change and other numerical relationships can 
provide information about natural systems. 
 

1. Name and describe the 3 types of plate boundaries.  Include in your answer a 
description of the forces that produce the different motions of the plates.  (DOK 
1) 

2. Describe convection.  How does it work to create plate boundaries? (DOK 1) 
3. Use a Venn diagram to compare and contrast oceanic-oceanic and oceanic-

continental convergent boundaries.  (DOK 2) 
4. A friend tells you he read on a website that the Earth is getting smaller.  What 

facts would you select to refute this claim? (DOK 3) 
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4.1 Volcanoes 

This reading supports… 
MS-ESS2-2:  Construct an explanation based on evidence for how geoscience 
processes have changed Earth’s surface at varying time and spatial scales. 
 

MS-ESS3-2:  Analyze and interpret data on natural hazards to forecast future 
catastrophic events and inform the development of technologies to mitigate their effects. 

 

 

Do you think volcanoes are cool? 

Active volcanoes are found on all continents 
except Australia. Volcanoes even erupt under 
the ice on Antarctica! Do you live near a 
volcano? What are the chances that it will 
erupt in your lifetime? If you don't live near 
one, could a volcanic eruption elsewhere 
cloud the skies above where you live? 
 

A volcano is a vent from which the material from a magma chamber escapes. Volcanic 
eruptions can come from peaky volcanic cones, fractured domes, a vent in the ground, 
or many other types of structures. 

Where They Are 

 
Volcanoes are a vibrant 
manifestation of plate 
tectonics processes. 
Volcanoes are common 
along convergent and 
divergent plate 
boundaries. Volcanoes 
are also found within 
lithospheric plates away 
from plate boundaries. 
Wherever mantle is able 
to melt, volcanoes may 
be the result. 

World map of active volcanoes (red dots). 
 

What is the geological reason for the locations of all the volcanoes in the figure above? 
Does it resemble the map of earthquake epicenters? Are all of the volcanoes located 
along plate boundaries? Why are the Hawaiian volcanoes located away from any plate 
boundaries? 
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Creating Magma 

Volcanoes erupt because mantle rock melts. This is the first stage in creating a volcano. 
The mantle may melt if the temperature rises, pressure lowers, or water is added. Be 
sure to think about how and why melting occurs in the settings where there is volcanism 
mentioned in the next few concepts. 
 

Stages 
 

 

Volcanoes can be active, dormant, or 
extinct. 
 

 

Of all the volcanoes in the world, very few are erupting at any given time. Scientists 
question whether a volcano that is not erupting will ever erupt again and then describe it 
as active, dormant, or extinct. 

 Active: currently erupting or showing signs of erupting soon. 
 Dormant: no current activity, but has erupted recently. 
 Extinct: no activity for some time; will probably not erupt again. 

Explore More 

Use this link  to answer the questions that follow.   
1. Where do volcanoes mostly occur? 
2. Why does magma come out of a volcano? 
3. What is magma that reaches the surface called? What happens when it cools? 
4. What does magma collect in beneath the volcano? How does it go onto the 

surface? 
5. When does an eruption occur? 
6. How are fast-moving mudflows created? 
7. How are volcanoes essential for life on our planet? 
8. When will an extinct volcano erupt next? 

 

Predicting Volcanic Eruptions 

 

No one can predict exactly when a volcanic eruption will take 

place. There are clues, but no one knows exactly when. 

Sometimes a volcano will erupt when scientists are studying it. 

Volcanologists have a high fatality rate among scientists 

because forecasting eruptions is so difficult. 

Volcanic eruptions can be devastating, particularly to the 
people who live close to volcanoes. Volcanologists study 
volcanoes to be able to predict when a volcano will erupt. 
Many changes happen when a volcano is about to erupt. 
Even so, eruptions are very difficult to predict. 

http://www.ck12.org/physics/Temperature
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Melting-in-Physical-Science
http://safeshare.tv/v/ss5785422f91d75
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History of Volcanic Activities 

Scientists study a volcano’s history to try to 
predict when it will next erupt. They want to 
know how long it has been since it last erupted. 
They also want to know the time span between 
its previous eruptions. Scientists watch both 
active and dormant volcanoes closely for signs 
that show they might erupt. 
 

Mount Rainier in Washington State is currently dormant. 
The volcano could, and probably will erupt again. 
 

Earthquakes 

Earthquakes may take place every day near a volcano. But before an eruption, the 
number and size of earthquakes increases. This is the result of magma pushing upward 
into the magma chamber. This motion causes stresses on neighboring rock to build up. 
Eventually the ground shakes. A continuous string of earthquakes may indicate that a 
volcano is about to erupt. Scientists use seismographs to record the length and strength 
of each earthquake. 

Slope Tilt 

 

All that magma and gas pushing upward can make the volcano’s slope begin to swell. 

Ground swelling may change the shape of a volcano or cause rockfalls and landslides. 

Most of the time, the ground tilting is not visible. Scientists detect it by using tiltmeters, 

which are instruments that measure the angle of the slope of a volcano. 

 

Gases 

Scientists measure the gases that escape from a volcano to predict eruptions. Gases 
like sulfur dioxide (SO2 ), carbon dioxide (CO2 ), hydrochloric acid (HCl), and water vapor 
can be measured at the site. Gases may also be measured from satellites. The 
amounts of gases and the ratios of gases are calculated to help predict eruptions.  

Remote Monitoring  

Satellites can be used to monitor more than 
just gases (figure below). Satellites can look 
for high temperature spots or areas where 
the volcano surface is changing. This allows 
scientists to detect changes accurately and 
safely. 

Mount Cleveland, in Alaska, is monitored by satellite. 

 

 

 

http://www.ck12.org/chemistry/Gases
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Gases
http://www.ck12.org/physics/Temperature
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Costs and Benefits of Predictions 

No scientist or government agency wants to announce an eruption and then be wrong. 
There is a very real cost and disruption to society during a large-scale evacuation. If the 
scientists are wrong, people would be less likely to evacuate the next time scientists 
predicted an eruption. But if scientists predict an eruption that does take place, it could 
save many lives. 

Explore More 

Use the resource below to answer the questions that follow. 

Mount Pinatubo: Predicting a Volcanic Eruption at 
http://www.teachersdomain.org/asset/ess05_vid_pinatubo/ 

1. What does sulfur dioxide tell scientists? How does the sulfur dioxide escape? 
2. How many seismic stations were established around the mountain? What did 

they find? 
3. Why was that finding worrisome? 
4. What evidence was there for a potential eruption? 
5. How difficult was it for the scientists to decide whether they should call for an 

evacuation and why? 
6. What finally triggered the evacuation? Why was this the deciding factor? 
7. What would have happened if they had not called for the evacuation? 

 

Volcanoes Assessment 

Essential Skill: Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 
Essential Skill:  Graphs, charts, and images can be used to identify patterns in data 
 

1. Most volcanoes are found along which type of plate boundaries?  (DOK 1) 
2. What are the signs that magma is moving beneath a volcano? (DOK 1) 
3. Why is it important for scientists to be able to predict volcanic eruptions?  (DOK 

2) 
4. What are the consequences of incorrectly predicting a volcanic eruption?  (DOK 

3) 
4.  Watch the following video clip.  Lahar-Mt. Rainer.mov - YouTube  There are 

100,000 people that currently live on ancient lahar flows near the base of Mt. 
Rainer in Washington.  If you were given the job of developing a safety plan for 
these communities, describe in detail where you would and would NOT build 
schools, hospitals and large housing developments.  Discuss where people 
should go if a lahar is moving toward their location and if there should be some 
type of early warning system. (DOK 4) 

 

 

 

http://www.teachersdomain.org/asset/ess05_vid_pinatubo/
http://www.teachersdomain.org/asset/ess05_vid_pinatubo/
http://www.youtube.com/watch?v=RStpgsLkhhY
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4.2 Earthquakes 

This reading supports… 
MS-ESS2-2:  Construct an explanation based on evidence for how geoscience 
processes have changed Earth’s surface at varying time and spatial scales. 
 

MS-ESS3-2:  Analyze and interpret data on natural hazards to forecast future 
catastrophic events and inform the development of technologies to mitigate their effects. 
 

The earthquake that happened on April 25th, 2015 
between the cities of Pokhara and Kathmandu in 
Nepal killed more than four thousand people, 
devastated communities, and left millions in need of 
food and shelter. Events like these can be terrifying 
and assistance efforts require the coordinated 
involvement of the entire world. 

A video that offers a simulation of what the 
convergence of the India Plate and the Eurasian 
Plate might have looked like: 
http://safeshare.tv/v/ss578669b53cdf4 

1. How can a better understanding the science behind earthquakes, help us predict 
when an earthquake will happen? 

2. Why is it a concern when a fault does not move for a very long time? What are other 
areas on earth where convergent plate boundaries exist? 

 

Earthquake 
 

An earthquake is sudden ground movement. 
This movement is caused by the sudden 
release of the energy stored in rocks. An 
earthquake happens when so much stress 
builds up in the rocks that the rocks break. An 
earthquake’s energy is transmitted by seismic 
waves. 
 

What causes the greatest damage in an 
earthquake?  This photo shows the Mission 
District of San Francisco burning after the 1906 earthquake. The greatest damage in 
earthquakes is usually not from the ground shaking. The greatest damage is caused by 
the effects of that shaking. In this earthquake, the shaking broke the gas mains and the 
water pipes. When the gas caught fire, there was no way to put it out. Fire causes the 
greatest damage in many earthquakes. 
 

 

 

 

http://dictionary.reference.com/browse/earthquake?s=t
http://www.ck12.org/embed/#module=concept&handle=Energy&branch=physics&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Rocks&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Seismic-Waves&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Seismic-Waves&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Water-Advanced&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Water-Advanced&branch=biology&nochrome=true&view_mode=embed
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Causes of Earthquakes 

Almost all earthquakes occur at plate boundaries. All 
types of plate boundaries have earthquakes. 
Convection within the Earth causes the plates to move. 
As the plates move, stresses build. When the stresses 
build too much, the rocks break. The break releases 
the energy that was stored in the rocks. The sudden 
release of energy is an earthquake. During an 
earthquake the rocks usually move several 
centimeters. Rarely, they may move as much as a few 
meters. 

Elastic rebound theory describes how earthquakes 
occur (figure right). 

Elastic rebound theory. Stresses build on both sides of a fault. The rocks 
deform plastically as seen in Time 2. When the stresses become too 
great, the rocks return to their original shape. To do this, the rocks move, 
as seen in Time 3. This movement releases energy, creating an 
earthquake. 
 

Elastic rebound theory in an animation: 
http://earthquake.usgs.gov/learn/animations/animation.php?flash_title=Elastic+Rebound&flash_fil
e=elasticrebound&flash_width=300&flash_height=350. 

Focus 
 

The point where the rock ruptures is the earthquake’s 
focus. The focus is below the Earth’s surface. A shallow 
earthquake has a focus less than 70 kilometers (45 
miles). An intermediate-focus earthquake has a focus 
between 70 and 300 kilometers (45 to 200 miles). A 
deep-focus earthquake is greater than 300 kilometers 
(200 miles). About 75% of earthquakes have a focus in 
the top 10 to 15 kilometers (6 to 9 miles) of the crust. 
Shallow earthquakes cause the most damage. This is 

because the focus is near the Earth's surface, where people live. 
 

Epicenter 

The area just above the focus, on the land surface, is the earthquake’s epicenter (figure 
above). The towns or cities near the epicenter will be strongly affected by the 
earthquake. 

 

 

 

 

 

http://www.ck12.org/embed/#module=concept&handle=Convection-in-Physical-Science&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Convection-in-Physical-Science&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Rocks&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Energy&branch=physics&nochrome=true&view_mode=embed
http://earthquake.usgs.gov/learn/animations/animation.php?flash_title=Elastic+Rebound&flash_file=elasticrebound&flash_width=300&flash_height=350
http://earthquake.usgs.gov/learn/animations/animation.php?flash_title=Elastic+Rebound&flash_file=elasticrebound&flash_width=300&flash_height=350
http://earthquake.usgs.gov/learn/animations/animation.php?flash_title=Elastic+Rebound&flash_file=elasticrebound&flash_width=300&flash_height=350
http://www.ck12.org/embed/#module=concept&handle=Intermediate&branch=chemistry&nochrome=true&view_mode=embed
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Earthquake Zones 

Nearly 95% of all earthquakes take place along one of the three types of plate 
boundaries. 

 About 80% of all earthquakes strike around the Pacific Ocean basin because it is 
lined with convergent and transform boundaries (figure below). 

 About 15% take 
place in the 
Mediterranean-
Asiatic Belt, 
where 
convergence is 
causing the 
Indian Plate to 
run into the 
Eurasian Plate. 

 The remaining 
5% are scattered 
around other 
plate boundaries 
or are intraplate 
earthquakes. 

Earthquake epicenters for magnitude 8.0 and greater events since 1900. The earthquake depth shows that 
most large quakes are shallow focus, but some subducted plates cause deep focus quakes. 

Seismic Waves and Their Measurement 

 

Seismic Waves 

Seismic waves are the energy from earthquakes. Seismic waves move outward in all 
directions away from their source. Each type of seismic wave travels at different speeds 
in different materials. All 
seismic waves travel through 
rock, but not all travel through 
liquid or gas. Geologists study 
seismic waves to learn about 
earthquakes and the Earth’s 
interior. 
 

Wave Structure 

Seismic waves are just one type of wave. Remember in Chapter 2, sound and light also 
travel in waves. Every wave has a high point called a crest and a low point called a 
trough. The height of a wave from the center line to its crest is its amplitude. The 
horizontal distance between waves from crest to crest (or trough to trough) is its 
wavelength (figure above). The energy from earthquakes travels in transverse waves, 
such as the one shown in this diagram. 

 

http://www.ck12.org/embed/#module=concept&handle=Intraplate-Earthquakes&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Intraplate-Earthquakes&branch=earth-science&nochrome=true&view_mode=embed
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Types of Seismic Waves 

There are two major types of seismic waves. Body waves travel through the Earth’s 
interior. Surface waves travel along the ground surface. In an earthquake, body waves 
are responsible for the sharp jolts. Surface waves are responsible for the rolling motions 
that do most of the damage in an earthquake. 
 

Body Waves 
 

Primary waves (P-waves) and secondary 
waves (S-waves) are the two types of body 
waves (figure on right). Body waves move at 
different speeds through different materials. 

P-waves are faster. They travel at about 6 to 7 
kilometers (about 4 miles) per second. Primary 
waves are so named because they are the first 
waves to reach a seismometer. P-waves 
squeeze and release rocks as they travel. The material returns to its original size and 
shape after the P-wave goes by. For this reason, P-waves are not the most damaging 
earthquake waves. P-waves travel through solids, liquids, and gases. 

S-waves are slower than P-waves. They are the second waves to reach a seismometer. 
S-waves move up and down. They change the rock’s shape as they travel. S-waves are 
about half as fast as P-waves, at about 3.5 km (2 miles) per second. S-waves can only 
move through solids. This is because liquids and gases don’t resist changing shape. 
 

Surface Waves 

Surface waves travel along the ground 
outward from an earthquake’s epicenter. 
Surface waves are the slowest of all seismic 
waves. They travel at 2.5 km (1.5 miles) per 
second. There are two types of surface 
waves. Love waves move side-to-side, much 
like a snake. Rayleigh waves produce a 
rolling motion as they move up and backward 
(figure left). Surface waves cause objects to 
fall and rise. They also cause objects to sway 
back and forth. These motions cause 
damage to rigid structures during an 
earthquake. 
 

 

 

 

 

http://www.ck12.org/embed/#module=concept&handle=Rocks&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Solids&referrer=crossref&branch=chemistry&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Liquids&referrer=crossref&branch=chemistry&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Gases&referrer=crossref&branch=chemistry&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Solids&referrer=crossref&branch=chemistry&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Liquids&referrer=crossref&branch=chemistry&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Gases&referrer=crossref&branch=chemistry&nochrome=true&view_mode=embed
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Measuring Seismic Waves 
 

Seismic waves are measured on a seismograph. Seismographs contain a lot of 
information, and not just about earthquakes. 
 

Seismometers 
 

 

A seismograph is a machine that records seismic 
waves. In the past, seismographs produced a 
seismogram. A seismogram is a paper record of the 
seismic waves the seismograph received. 
Seismographs have a weighted pen suspended from a 
stationary frame. A drum of paper is attached to the 
ground. As the ground shakes in an earthquake, the 
pen remains stationary but the drum moves beneath it. 
This creates the squiggly lines that make up a 
seismogram (figure left). 

Modern seismometers record ground motions using electronic motion detectors. The 
data are then kept digitally on a computer. 
 

What We Learn from Seismograms 
 

Seismograms contain a lot of information about an earthquake: its strength, length, and 
distance. Wave height is used to determine the magnitude of the earthquake. The 
seismogram shows the different arrival times of the seismic waves (Figure below). The 

first waves are P-
waves since they are 
the fastest. S-waves 
come in next and are 
usually larger than 
P-waves. The 
surface waves arrive 
just after the S-
waves. If the 
earthquake has a 
shallow focus, the 
surface waves are 
the largest ones 
recorded. 

 

These seismograms show 
the arrival of P-waves and 

S-waves. 
 

http://www.ck12.org/embed/#module=concept&handle=Seismic-Waves&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Seismic-Waves&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Distance-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Distance-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#x-ck12-TVMtRVMtMDctMzQtc2Vpc21vZ3JhbS1QLVMtd2F2ZS1hcnJpdmFs
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A seismogram may record P-waves and surface waves, but not S-waves. This means 
that it was located more than halfway around the Earth from the earthquake. Why does 
the absence of S-waves indicate this distance? Earth's outer core is liquid. S-waves 
cannot travel through liquid. So the liquid outer core creates an S-wave shadow zone on 
the opposite side of the Earth from the quake. 

Like most things, seismographs are now digital. Information from seismic waves is fed 
into computers at seismic stations around the world. 

Explore More 

Use the resource below to answer the questions that follow. 
http://www.pbs.org/wnet/savageearth/animations/earthquakes/main.html 

1. What causes an earthquake? 
2. What is the focus? 
3. Which waves travel the fastest? 
4. Which waves cannot travel through the core? 
5. What happens to the waves as distance increases? 

This animation shows three different stations picking up seismic waves: 

http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/10/4StationSeismoNetwork48

0.mov. 
A New Project to Measure Earthquakes at: 
http://news.medill.northwestern.edu/chicago/news.aspx?id=190188 

 

Locating Earthquake Epicenters 
 

 

The epicenter of the 2011 Japan earthquake was just 
offshore of Sendai where the Pacific Plate plunges into a 
subduction zone. The quake had a relatively shallow depth 
of 20 miles (32 km). Remember that shallow quakes 
typically cause the most damage. How do scientists find an 
earthquake epicenter? 
 

Here are the steps to finding an earthquake epicenter using three seismograms: 
 

1. Determine the epicenter distance from three different seismographs. The longer the 
time between the arrival of the P-wave and S-wave, the farther away is the epicenter. 
So the difference in the P- and S-wave arrival times determines the distance between 
the epicenter and a seismometer. 

This animation shows how to determine distance using P, S, and surface waves: 
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/IRIStravelTime_Bounce_4
80.mov. 

 

http://www.pbs.org/wnet/savageearth/animations/earthquakes/main.html
http://www.ck12.org/embed/#module=concept&handle=Distance-in-Physical-Science&branch=physical-science&nochrome=true&view_mode=embed
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/10/4StationSeismoNetwork480.mov
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/10/4StationSeismoNetwork480.mov
http://news.medill.northwestern.edu/chicago/news.aspx?id=190188
http://www.ck12.org/embed/#module=concept&handle=Distance-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/IRIStravelTime_Bounce_480.mov
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/IRIStravelTime_Bounce_480.mov
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2. Draw a circle with a radius equal to the 
distance from the epicenter for that 
seismograph. The epicenter is somewhere 
along that circle. Do this for three locations. 
Using data from two seismographs, the two 
circles will intersect at two points. A third 
circle will intersect the other two circles at a 
single point. This point is the earthquake 
epicenter (see figure). 

Three circles drawn from three seismic stations each equal to the radius from the station to the epicenter of the quake 
will intercept at the actual epicenter. 
 

Of course, it's been a long time since scientists drew circles to locate an earthquake 
epicenter. This is all done digitally now. But it's a great way to learn the basics of how 
locating an epicenter works.  Seismic stations record ten earthquakes in this animation. 
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/TravelTime_Sphere_10Stn

_480.mov. 
 

Explore More 
Use this resource to answer the questions that 
follow.  http://safeshare.tv/v/ss5786582c794fd 

1. What is the difference in P- and S-wave 
arrival times at Salt Lake City? 

2. How do you find out how far away the 
epicenter of the quake was from SLC? 

3. What is the distance to the epicenter from 
Salt Lake City? So where is the epicenter? 

4. When you know the distance from SLC and 
from Houston, where is the epicenter? 

5. When you have three circles around three 
cities, how do you know where the epicenter 
is? 

 

Predicting Earthquakes 

What if you could predict an earthquake?  What would make a good prediction? 
Knowing where, when, and the magnitude of the quake would make it possible for 
people to evacuate. If you were right, you would be famous! But if you were wrong, 
many people would be angry with you. 

Scientists are a long way from being able to predict earthquakes. A good prediction 
must be detailed and accurate. Where will the earthquake occur? When will it occur? 
With a good prediction, authorities could get people to evacuate. But if the prediction 
were wrong, a lot of money would be lost as people closed businesses and skipped 
work. Plus people would be unlikely to believe the authorities the next time. 

 

 

http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/TravelTime_Sphere_10Stn_480.mov
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/TravelTime_Sphere_10Stn_480.mov
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/TravelTime_Sphere_10Stn_480.mov
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Predicting Where 

Fault segments behave consistently. A segment with frequent small earthquakes will 

likely continue to have frequent small earthquakes. A fault segment with infrequent huge 

earthquakes will likely have infrequent huge earthquakes. The image above shows the 

probabilities of earthquakes striking along various faults in the San Francisco area.  The 

time frame is between 2003 (when the work was done) and 2032. 
 

Predicting When 
 

When an earthquake will occur is much more difficult to predict. Stress on a fault builds 

up at the same rate over time. So earthquakes should occur at regular intervals. But, so 

far, scientists cannot predict when quakes will occur even to within a few years. Around 

Parkfield, California, an earthquake of magnitude 6.0 or higher occurs about every 22 

years. So seismologists predicted that one would strike in 1993. But that quake came in 

2004—11 years late. 
 

Earthquake Signs 

There are sometimes signs that a large earthquake is coming. There may be small 
quakes, called foreshocks. These can occur a few seconds to a few weeks before a 
major quake. Unfortunately, foreshocks are not very useful for predicting large 
earthquakes. Many quakes do not have foreshocks. Also, small9* earthquakes are not 
necessarily followed by a large earthquake. 

There are other possible signs before an earthquake. The ground may tilt. Ground tilting 
is caused by the buildup of stress in the rocks. This may happen before a large 
earthquake, but it doesn't always. Water levels in wells may fluctuate. This is because 
water may move into or out of fractures before an earthquake. This is also an uncertain 
way to predict an earthquake. The difference in arrival times of P-waves and S-waves 
may decrease just before an earthquake occurs. 

Folklore tells of animals behaving strangely just before an earthquake. Most people tell 
stories of these behaviors after the earthquake. Chinese scientists have actively studied 
the behavior of animals before earthquakes to see if there is a connection. So far 
nothing concrete has come of these studies. 

Actions can reduce the damage once an earthquake has started. Seismometers can 
detect P-waves a few seconds before more damaging S-waves and surface waves 
arrive. In this time computers can shut down gas mains and electrical transmission 
lines. They can initiate protective measures in chemical plants, nuclear power plants, 
mass transit systems, airports, and roadways. Just a few seconds can be tremendously 
valuable. 
 

http://science.kqed.org/quest/video/earthquakes-breaking-new-ground  Earthquake prediction - 
9:54min. 

 

 

 

 

http://www.ck12.org/embed/#module=concept&handle=Faults&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Rocks&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Water-Advanced&branch=biology&nochrome=true&view_mode=embed
http://science.kqed.org/quest/video/earthquakes-breaking-new-ground
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Explore More 
Use the resource below to answer the questions that follow. 

Earthquake Prediction: A Science on Shaky Ground at 
http://safeshare.tv/v/znPAeILonpI(10:56) 

1. What happened on April 18, 1906? 
2. How fast is movement usually along San Andreas Fault? What is the rate of 

movement during a major quake? 
3. Why is it difficult to predict earthquakes? 
4. What information would a really great earthquake prediction give? 
5. What can provide a warning for earthquakes about 10% of the time? Why is 

this warning system not all that reliable? 
6. Why is monitoring the Earth from space useful? What does it tell scientists? 

 

Earthquake Damage 
 

The type and quality of construction has a 

tremendous effect on what happens during 

an earthquake. Damage and fatalities are 

directly affected by the construction in an 

earthquake. For example, many more 

people died in the 1988 Armenia 

earthquake, where people live in mud 

houses, than in the 1989 earthquake in 

Loma Prieta. Most buildings in California’s 

earthquake country are designed to be 

earthquake-safe. 
 

We know that earthquakes kill lots of people. However, the ground shaking almost 

never kills people, and the ground does not swallow someone up. Fatalities depend 

somewhat on an earthquake's size and the type of ground people inhabit. But much of 

what determines the number of fatalities depends on the quality of structures. People 

are killed when structures fall on them. More damage is done and more people are 

killed by the fires that follow an earthquake than the earthquake itself. 
 

http://www.shakeout.org/centralus/ This site will give you information about Earthquake safety drills. 

 

http://www.youtube.com/watch?v=znPAeILonpI
http://www.youtube.com/watch?v=znPAeILonpI
http://safeshare.tv/v/znPAeILonpI
http://www.shakeout.org/centralus/
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Tsunami 

"Tsunami" is a Japanese word meaning "harbor 
wave." Some people call them tidal waves. But 
these deadly waves are not related to tides and 
they are not restricted to harbors. Few words can 
express the horror these waves can bring. 

Tsunami as Waves 

Tsunami are deadly ocean waves from the sharp 
jolt of an undersea earthquake. Less frequently, these waves can be generated by other 
shocks to the sea, like a meteorite impact. Fortunately, few undersea earthquakes, and 
even fewer meteorite impacts, generate tsunami. 

Wave Height 

Tsunami waves have small wave heights relative to their long wavelengths, so they are 
usually unnoticed at sea. When traveling up a slope onto a shoreline, the wave is 
pushed upward. As with wind waves, the speed of the bottom of the wave is slowed by 
friction. This causes the wavelength to decrease and the wave to become unstable. 
These factors can create an enormous and deadly wave. 

Landslides, meteorite impacts, or any other jolt to ocean water may form a tsunami. 
Tsunami can travel at speeds of 800 kilometers per hour (500 miles per hour). 

A video explanation of tsunami is here: http://safeshare.tv/v/StdqGoezNrY. 

Wavelength 

Since tsunami are long-wavelength 
waves, a long time can pass between 
crests or troughs. Any part of the wave 
can make landfall first. 

In 1755 in Lisbon, Portugal, a tsunami 
trough hit land first. A large offshore 
earthquake did a great deal of damage 
on land. People rushed out to the open 
space of the shore. Once there, they 
discovered that the water was flowing 
seaward fast and some of them went out 
to observe. What do you think happened 
next? The people on the open beach 
drowned when the crest of the wave 
came up the beach. 

A large tsunami in the Indian Ocean and more recently in Japan have killed hundreds of 
thousands of people in recent years. The west coast is vulnerable to a tsunami since it 
sits on the Pacific Ring of Fire. Scientists are trying to learn everything they can about 
predicting tsunamis before a massive one strikes a little closer to home. 

Although most places around the Indian Ocean did not have warning systems in 2005, 
there is a tsunami warning system in that region now. Tsunami warning systems have 
been placed in most locations where a tsunami are possible. 

http://www.ck12.org/embed/#module=concept&handle=Wind-Waves&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Speed-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Friction&referrer=crossref&branch=physics&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Friction&referrer=crossref&branch=physics&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Wavelength-in-Physical-Science&referrer=crossref&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Water-Advanced&referrer=crossref&branch=biology&nochrome=true&view_mode=embed
http://safeshare.tv/v/StdqGoezNrY
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Man Made Earthquakes? 

What caused the recent earthquakes in Ohio and Oklahoma? 

The process of extracting natural gas, known as fracking, injects liquid waste into deep 
wells called injection wells. Coincidentally, locations where seismic activity is virtually 
unknown have begun to experience earthquakes. Is fracking related to earthquake 
activity? Many geologists think the link is undeniable. 

Why It Matters - Can humans trigger an 
earthquake? 

Geologists have been gathering data 
around the possibility of manmade 
earthquakes.  Check it out at this link: Man-
Made Quakes 

Here is a quick video segment showing the 
current geologic explanation: 
http://safeshare.tv/v/h7m1QXq21HA 
 

CBS News:  http://safeshare.tv/v/F6PHVhjaNRI 
 

 

Earthquakes Assessment 
Essential Skill:  Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 
 

Essential Skill:  Graphs, charts, and images can be used to identify patterns in data. 
 

1. After an earthquake, particularly a large earthquake, why is it important to determine 
where the epicenter is as quickly as possible?  (DOK 3) 

2.   A seismic recording station only records P waves and surface waves.  What does 
this data tell you about where this earthquake occurred in comparison to the location 
of this recording station? (DOK 3) 

3.  Read the article below.  Come up with arguments for both sides of the case.  Do you 
think the scientists should be found guilty?  (DOK 
http://scientificamerican.com/article.cfm?id=italian-earthquake-manslaughter-hearing 

4.  If you owned land near the San Andreas Fault in California, would you sell it to a 
company that you knew would be building an apartment complex?  Write a paragraph 
explaining your answer. (DOK 4) 

5.  What steps would you take to improve your safety if you are at the beach and the 
water suddenly is sucked offshore?  (DOK 2) 

6.  Using the links below to support your position on whether or not Oklahoma cities and 
towns should or should not be allowed to ban fracking.  Be sure to support your claim 
with evidence.  (DOK 4) 

 

http://www.npr.org/2012/06/20/155411570/man-made-quakes-get-geologists-attention
http://www.npr.org/2012/06/20/155411570/man-made-quakes-get-geologists-attention
http://safeshare.tv/v/h7m1QXq21HA
http://safeshare.tv/v/F6PHVhjaNRI
http://scientificamerican.com/article.cfm?id=italian-earthquake-manslaughter-hearing
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This site will tell you the latest official explanation for Oklahoma Earthquakes as 
explained by the Oklahoma Geological Survey. 
http://wichita.ogs.ou.edu/documents/OGS_Statement-Earthquakes-4-21-15.pdf 
 

Oklahoma Legislature bans cities and town from banning fracking. 
http://www.usnews.com/news/business/articles/2015/05/29/oklahoma-is-latest-state-to-prevent-
local-fracking-bans 
 

Explore More 

1. Not only are scientists worried about the tectonic jostling, there are also concerns 
that the waste will leak out into the groundwater: 
http://www.scientificamerican.com/article.cfm?id=are-fracking-wastewater-wells-
poisoning-ground-beneath-our-feeth 

 

2.  There are always two sides to the story though! Here is the Environmental Protection 
Agency’s website designed for young students showing them that carbon 
sequestration and underground storage will help global climate change: 
http://epa.gov/climatechange/kids/solutions/technologies/ccs.html 

 

3.  What do you think? Are waste water wells good or bad? If they are good, how do you 
explain the potential earthquakes and groundwater pollution? If they are bad, where 
would you prefer this waste to go? What are the alternatives? Gather research from 
both sides of the argument and host a debate (in class or online). 

Resources Cited 

National Public Radio. http://www.npr.org/2012/06/20/155411570/man-made-quakes-
get-geologists-attention 

News Media Animation. You Tube. 
http://www.youtube.com/watch?v=h7m1QXq21HA 

Scientific American. http://www.scientificamerican.com/article.cfm?id=are-fracking-
wastewater-wells-poisoning-ground-beneath-our-feeth 

Environmental Protection Agency. 
http://epa.gov/climatechange/kids/solutions/technologies/ccs.html 
 

 

 

 

 

 

 

http://wichita.ogs.ou.edu/documents/OGS_Statement-Earthquakes-4-21-15.pdf
http://www.usnews.com/news/business/articles/2015/05/29/oklahoma-is-latest-state-to-prevent-local-fracking-bans
http://www.usnews.com/news/business/articles/2015/05/29/oklahoma-is-latest-state-to-prevent-local-fracking-bans
http://www.scientificamerican.com/article.cfm?id=are-fracking-wastewater-wells-poisoning-ground-beneath-our-feeth
http://www.scientificamerican.com/article.cfm?id=are-fracking-wastewater-wells-poisoning-ground-beneath-our-feeth
http://www.scientificamerican.com/article.cfm?id=are-fracking-wastewater-wells-poisoning-ground-beneath-our-feeth
http://epa.gov/climatechange/kids/solutions/technologies/ccs.html
http://epa.gov/climatechange/kids/solutions/technologies/ccs.html
http://www.npr.org/2012/06/20/155411570/man-made-quakes-get-geologists-attention
http://www.npr.org/2012/06/20/155411570/man-made-quakes-get-geologists-attention
http://www.youtube.com/watch?v=h7m1QXq21HA
http://www.youtube.com/watch?v=h7m1QXq21HA
http://www.scientificamerican.com/article.cfm?id=are-fracking-wastewater-wells-poisoning-ground-beneath-our-feeth
http://www.scientificamerican.com/article.cfm?id=are-fracking-wastewater-wells-poisoning-ground-beneath-our-feeth
http://epa.gov/climatechange/kids/solutions/technologies/ccs.html
http://epa.gov/climatechange/kids/solutions/technologies/ccs.html
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4.3 - Caves and Sinkholes - Groundwater Erosion 
and Deposition 

This reading supports… 
MS-ESS2-2:  Construct an explanation based on evidence for how geoscience 
processes have changed Earth’s surface at varying time and spatial scales. 
 
By the end of this reading, you should be able to... 
MS-ESS3-2:  Analyze and interpret data on natural hazards to forecast future 
catastrophic events and inform the development of technologies to mitigate their effects. 
 
How would you find an undiscovered cave? 

Caves may be beneath your feet, 
especially if your feet are on limestone. In 
1974 two amateur cavers found warm, 
moist air coming out of a crack in the 
ground in southern Arizona. They 
managed to find a way in and discovered 
the amazing Kartchner Caverns, 2.5 miles 
of pristine caves. You can see these 
spectacular caverns on a guided tour. 

 

 

Groundwater Erosion 

Rainwater absorbs carbon dioxide (CO2) as it falls. 
The CO2 combines with water to form carbonic acid. 
The slightly acidic water sinks into the ground and 
moves through pore spaces in soil and cracks and 
fractures in rock. The flow of water underground is 
groundwater. When water sinks into the ground, it 
becomes groundwater. 

Groundwater is a strong erosional force, as it works 
to dissolve away solid rock. Carbonic acid is 
especially good at dissolving the rock limestone. 

 

Cave Formation 

Working slowly over many years, groundwater 
travels along small cracks. The water dissolves 
and carries away the solid rock, gradually 
enlarging the cracks. Eventually, a cave may form 
such as shown in this figure of a cave in Alabama. 

Water flows through Russell Cave National Monument in 

Alabama. 
 

http://www.ck12.org/biology/Water-Advanced?referrer=crossref
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Sinkholes 
 

If the roof of a cave collapses, a sinkhole could form. 
Some sinkholes are large enough to swallow up a home 
or several homes in a neighborhood. 

This link explains more about sinkhole 
formation.  http://www.check123.com/videos/806-sinkhole 
 

Here is a link to 3 sinkholes forming under a pond. 
http://safeshare.tv/v/lgWMhEWj5bA  

A relatively small sinkhole in a Georgia 

parking lot. 

Groundwater Deposition 

 

 

Groundwater carries dissolved minerals in solution. The minerals 
may then be deposited, for example, as stalagmites or stalactites 
as shown in this figure. Stalactites form as calcium carbonate 
drips from the ceiling of a cave, forming beautiful icicle-like 
formations. The word stalactite has a c, and it forms from the 
ceiling. Stalagmites form as calcium carbonate drips from the 
ceiling to the floor of a cave and then grow upwards. The g in 
stalagmite means it forms on the ground. 
 

Stalactites hang from the ceiling and stalagmites rise from the 
floor of Carlsbad Caverns in New Mexico. The large stalagmite on 
the right is almost tall enough to reach the ceiling (or a stalactite) 
and form a column. 
 

If a stalactite and stalagmite join together, they form a column. One of the wonders of visiting a 
cave is to witness the beauty of these amazing and strangely captivating structures. Some of 
the largest, and most beautiful, natural crystals can be found in the Naica mine, in Mexico. 
These gypsum crystals were formed over thousands of years as groundwater, rich in calcium 
and sulfur flowed through an underground cave. 

Explore More 

Use this resource to answer the questions that follow. 
http://safeshare.tv/v/rwb8KyvaFqQ 

1. What rock type is the cave system formed in? 
2. What was the source of the acid in the water that carved the cave? 
3. Why are the rooms large at Carlsbad compared to most other caves? 
4. What cave formations can be seen at Carlsbad? How do they form? 
5. How does water form in and out of the caves? 
6. What biological wonders are found at Carlsbad? 

 

 

http://safeshare.tv/v/lgWMhEWj5bA
http://safeshare.tv/v/rwb8KyvaFqQ
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Caves and Sinkholes -         

Groundwater Erosion and Deposition Assessment 

Essential Skill: Time and space, and energy phenomena can be observed at various 
scales using models, to study systems that are too large or too small. 

 

1. How does groundwater erode rock material (DOK 1)? 
2. Describe how groundwater deposits stalactites and stalagmites. (DOK2) 
3. Explain the difference between “erosion” and “deposition”. (DOK 2) 
4. Why is groundwater acidic?(DOK1) 
5. Describe an area (ex:  composition of the ground and precipitation levels) that 

might have a high probability of forming a sinkhole. Propose a possible solution 
to reduce the likelihood of sinkhole formation. (DOK 2) 
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4.4 Glaciers and Mass Movement 

This reading supports... 
ESS2-1:  Develop a model to describe the cycling of Earth’s material and the flow of 
energy that drives this process. 
ESS2-2:  Construct an explanation based on evidence for how geoscience processes 
have changed Earth’s surface at varying time and spatial scales. 
 

Glaciers are masses of flowing ice. Today, they cover only about 10 percent of Earth’s 
surface. They are getting smaller and 
smaller as Earth’s temperature rises. But 
just 12,000 years ago, glaciers dipped as 
far south as Chicago and New York City. 
Much of Europe was also covered with 
glaciers at that time. 

Glaciers erode and leave behind telltale 
landforms. These landforms are like clues. 
They show the direction a glacier flowed 
and how far it advanced. Did glaciers 
leave clues where you live? Would you 
know what to look for? 

How Glaciers Form 
 

Glaciers form when more snow falls than melts each year. Over many years, layer upon 
layer of snow compacts and turns to ice. There are two different types of glaciers: 
continental glaciers and valley glaciers. Each type forms some unique features through 
erosion and deposition. An example of 
each type is pictured in the figure above. 

 A continental glacier is spread out over 
a huge area. It may cover most of a 
continent. Today, continental glaciers 
cover most of Greenland and 
Antarctica. In the past, they were much 
more extensive. 

 A valley glacier is long and narrow. 
Valley glaciers form in mountains and 
flow downhill through mountain river 
valleys. 

Photo above:  (A) The continent of Antarctica is covered 
with a continental glacier. (B) A valley glacier in the 
Canadian Rockies. (C) The surface of a valley glacier. 

 

 

http://dictionary.reference.com/browse/glacier?s=t
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Erosion by Glaciers 
 

Like flowing water, flowing ice erodes the land and deposits the material elsewhere. 
Glaciers cause erosion in two main ways: plucking and abrasion. 

 Plucking is the process by which rocks and other sediments are picked up by a 
glacier. They freeze to the bottom of the glacier and are carried away by the flowing 
ice. 

 Abrasion is the process in which a glacier scrapes underlying rock. The sediments 
and rocks frozen in the ice at the bottom and sides of a glacier act like sandpaper. 
They wear away rock. They may also leave scratches and grooves that show the 
direction the glacier moved. 

 

Erosion by Valley Glaciers 
 
Valley glaciers form several unique features through erosion. As a valley glacier flows 
through a V-shaped river valley, it scrapes away the sides of the valley. It carves a U-
shaped valley with nearly vertical walls. A line called the trimline shows the highest level 
the glacier reached. 

 A cirque is a rounded hollow carved in the side of a mountain by a glacier. The 
highest cliff of a cirque is called the headwall. 

 An arête is a jagged ridge that remains when cirques form on opposite sides of a 
mountain. A low spot in an arête is called a col. 

 A horn is a sharp peak that is left behind when glacial cirques are on at least three 
sides of a mountain. 

Deposition by Glaciers 
 

Glaciers deposit their sediment when they melt. They drop and leave behind whatever 
was once frozen in their ice. It’s usually a mixture of particles and rocks of all sizes, 
called glacial till. Water from the melting ice may form lakes or other water features. The 
following figure shows some of the landforms glaciers deposit when they melt. 

 Moraine is sediment deposited by a glacier. A ground moraine is a thick layer of 
sediments left behind by a retreating glacier. An end moraine is a low ridge of 
sediments deposited at the end of the glacier. It marks the greatest distance the 
glacier advanced. 

 A drumlin is a long, low hill of sediments deposited by a glacier. Drumlins often occur 
in groups called drumlin fields. The narrow end of each drumlin points in the 
direction the glacier was moving when it dropped the sediments. 

 An esker is a winding ridge of sand deposited by a stream of meltwater. Such 
streams flow underneath a retreating glacier. 

 A kettle lake occurs where a chunk of ice was left behind in the sediments of a 
retreating glacier. When the ice melted, it left a depression. The meltwater filled it to 
form a lake. 
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Take a look at the glacial 
deposits. How far did the glacier 
in the diagram advance before it 
started retreating? How do you 
know? 

 

 

 

 

 

Glaciers Assessment 

Essential Skill:  Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 

1.) Describe how glaciers form.  (DOK 1) 

2.) How does the rate of water flow affect what size of sediment fall out? Explain. (DOK 
2) 
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4.5 Other Natural Hazards 

This reading supports... 
MS-ESS2-2:  Construct an explanation based on evidence for how geoscience 
processes have changed Earth’s surface at varying time and spatial scales. 

By the end of this reading you should be able to… 
MS-ESS3-2:  Analyze and interpret data on natural hazards to forecast future 
catastrophic events and inform the development of technologies to mitigate their effects. 

Introduction 

Gravity is responsible for erosion by flowing water and 
glaciers. That’s because gravity pulls water and ice 
downhill. These are ways gravity causes erosion indirectly. 
But gravity also causes erosion directly. Gravity can pull 
soil, mud, and rocks down cliffs and hillsides. This type of 
erosion and deposition is called mass movement. It may 
happen suddenly. Or it may occur very slowly, over many 
years. 

Landslides and Mudslides 

The most destructive types of mass movement are landslides and mudslides. Both 
occur suddenly. Gravity is responsible for erosion by flowing water and glaciers. That’s 
because gravity pulls water and ice downhill. These are ways gravity causes erosion 
indirectly. But gravity also causes erosion directly. Gravity can pull soil, mud, and rocks 
down cliffs and hillsides. This type of erosion and deposition is called mass movement. 
It may happen suddenly. Or it may occur very slowly, over many years. 

Landslides 

A landslide happens when a large amount of soil and rock 
suddenly falls down a slope because of gravity. You can 
see an example in the figure to the left. A landslide can be 
very destructive. It may bury or carry away entire villages. 

This 2001 landslide in El Salvador (Central America) was started by an 
earthquake. Soil and rocks flowed down a hillside and swallowed up 
houses in the city below. 

A landslide is more likely if the soil has become wet from 
heavy rains. The wet soil becomes slippery and heavy. 
Earthquakes often trigger landslides. The shaking ground 
causes soil and rocks to break loose and start sliding. If a 
landslide flows into a body of water, it may cause a huge 
wave called a tsunami. 
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Mudslides 

A mudslide is the sudden flow of mud down a 
slope because of gravity. Mudslides occur where 
the soil is mostly clay. Like landslides, mudslides 
usually occur when the soil is wet. Wet clay forms 
very slippery mud that slides easily. You can see 
an example of a mudslide in the figure to the 
left.  To view a mudslide, click on the following 
links:  http://safeshare.tv/v/ss578696fc8b2ce 

Raw Footage of Gigantic Mudflow in Austria  3:55 

Other Types of Mass Movement 

Two other types of mass movement are slump and creep. Both may move a lot of soil 
and rock. However, they usually aren’t as destructive as landslides and mudslides. 
 

Slump 

 
Slump is the sudden 
movement of large blocks 
of rock and soil down a 
slope. You can see how it 
happens in the figure to 
the right. All the material 
moves together in big 
chunks. Slump may be 
caused by a layer of 
slippery, wet clay 
underneath the rock and 
soil on a hillside. Or it may occur when a river undercuts a slope. Slump leaves behind 
crescent-shaped scars on the hillside. How does a slump differ from a landslide? 
 

Creep 

Creep is the very slow movement of rock and soil down a hillside. Creep occurs so 
slowly you can’t see it happening. You can only see the effects of creep after years of 
movement. This is illustrated in the figures.  The slowly moving ground causes trees, 
fence posts, and other structures on 
the surface to tilt downhill. 

Creep usually takes place where the 
ground freezes and thaws frequently. 
Soil and rock particles are lifted up 
when the ground freezes. When the 
ground thaws, the particles settle 
down again. Each time they settle 
down, they move a tiny bit farther 
down the slope because of gravity. 

Creep is seen on a hillside. What evidence shows 
creep has occurred? 

http://safeshare.tv/v/ss5786a3de2786a
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Other Natural Hazards Assessment 
Essential Skill: Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 
Essential Skill:  Graphs, charts, and images can be used to identify patterns in data 
 

1. Under what conditions will a landslide or mudflow 
form? (DOK 1) 

2. Identify a sign that creep is occurring. (DOK 1) 
3. Compare and contrast slump and creep. (DOK 2) 
4. A rock slide occurred along Interstate-35 in southern 

Oklahoma in the summer of 2015. (See figure 
right).  The Oklahoma Department of Transportation 
detonated (blew up with dynamite) rocks along the cliff 
during clean-up efforts.  If blowing up rock actually 
creates more rocks to clean up, why do you think they 
did this?  Explain.  (DOK 3) 
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5.1 Minerals 
This reading supports… 

MS-ESS2-1: Develop a model to describe the cycling of Earth’s materials and the flow 
of energy that drives this process. 

 

Are you a mineral? 

There used to be a TV commercial that said "you are what you eat." If that's true, then 
you are partly the mineral halite. That's just table salt, after all. 

What is a Mineral? 

A mineral is a solid material that forms by a 
natural process. A mineral can be made of an 
element or a compound. It has a specific 
chemical composition. Its chemical 
composition is different from other minerals. 
Each type of mineral has physical properties 
that differ from others. These properties 
include crystal structure, hardness, density, 
and color. It must be formed by a natural 
processes and be inorganic. For example, 
silver is a soft, shiny metal. Salt is a white, 
cube-shaped crystal. Diamond is an extremely 

hard, translucent crystal. 

Mineral Formation:  How are minerals formed? 
 

Is carbon a girl's best friend?Yes! (At least if you think that diamond is a girl's best friend, 
anyway.) When people think of carbon they think of black dust left over from a fire, but the 
diamond is just carbon that was squeezed very hard at extremely high pressure. Formed at 
lower pressure, the carbon mineral is graphite, the mineral that is pencil "lead." Graphite 
would make a very different sort of ring. 

Minerals form in a variety of ways: 

 crystallization from magma 
 precipitation from ions in solution 
 biological activity 
 a change to a more stable state as in metamorphism 
 precipitation from vapor 

 

 

 

 

 

http://dictionary.reference.com/browse/mineral?s=t
http://www.ck12.org/earth-science/Minerals
http://www.ck12.org/chemistry/Ions
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Formation from Magma 
 

Imagine a rock that becomes so hot it melts. Many minerals start out in liquids that are 
hot enough to melt rocks. Magma is melted rock inside Earth, a molten mixture of 

substances that can be hotter than 1,000°C. 
Magma cools slowly inside Earth, which gives 
mineral crystals time to grow large enough to be 
seen clearly. 

When magma erupts onto Earth's surface, it is 
called lava. Lava cools much more rapidly than 
magma. Crystals do not have time to form and are 
very small. The chemical composition between 
minerals that form rapidly or slowly is often the 
same, only their size differs. 
 

Existing rocks may be heated enough so that the 
molecules are released from their structure and can 

move around. The molecules may match up with different molecules to form new 
minerals as the rock cools. This occurs during metamorphism, which will be discussed 
in the "Metamorphic Rocks" concept. 
 

Formation from Solution 
 

Water on Earth, such as the water in the oceans, contains chemical elements mixed 
into a solution. Various processes can cause these elements to combine to form solid 
mineral deposits. 
 

 

Minerals from Salt Water 

When water evaporates, it 
leaves behind a solid 
precipitate of minerals, as 
shown in this figure. 

When the water in glass A 
evaporates, the dissolved mineral 
particles are left behind. 

 

Water can only hold a certain amount of dissolved minerals and salts. When the amount 
is too great to stay dissolved in the water, the particles come together to form mineral 
solids, which sink. Halite easily precipitates out of water, as does calcite. Some lakes, 
such as Mono Lake in California or The Great Salt Lake in Utah, contain many mineral 
precipitates. 

 

http://www.ck12.org/chemistry/Solids


82 
 

Tufa towers form when calcium-rich spring water at the bottom 
of Mono Lake bubbles up into the alkaline lake. The tufa towers 
appear when lake level drops. 

 

Minerals from Hot Underground Water 

Magma heats nearby underground water, which 
reacts with the rocks around it to pick up dissolved 
particles. As the water flows through open spaces 

in the rock and 
cools, it deposits solid minerals. The mineral 
deposits that form when a mineral fills cracks in 
rocks are called veins.  (See quartz figure.)  When 
minerals are deposited in open spaces, large 
crystals form.  (See amethyst figure.) 

Quartz veins 
formed in this 
rock. 

 

Amethyst formed when large crystals grew in open spaces 
inside the rock. These special rocks are called geodes. 

 

Minerals under Pressure 

 

In the last several years, many incredible discoveries have been made exploring how 
minerals behave under high pressure, like rocks experience inside the Earth. If a mineral is 
placed in a special machine and then squeezed, eventually it may convert into a different 
mineral.  

Explore More 

Use this resource to answer the questions that follow. 
http://nature.berkeley.edu/classes/eps2//wisc/Lect3.html 

1. How do minerals form from water? 
2. What crystals come from water that are silica-based minerals? 
3. What crystals come from water that are copper-based minerals? 
4. How do hydrothermal minerals form? 
5. What is a pegmatite?What can magma rich in boron crystallize into? 
6. What other gems can be found in cooled magma? 

 

 

 

 

http://nature.berkeley.edu/classes/eps2/wisc/Lect3.html
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How are Minerals Identified? 

 

Imagine you were given a mineral sample 
similar to the one shown in figure right. How 
would you try to identify your mineral? You 
can observe some properties by looking at 
the mineral. For example, you can see that its 
color is beige. The mineral has a rose-like 
structure. But you can't see all mineral 
properties. You need to do simple tests to 
determine some properties. One common 
one is how hard the mineral is. You can use a 
mineral’s properties to identify it. The 
mineral’s physical properties are determined 
by its chemical composition and crystal structure. You can use properties of a mineral to 
identify it. The color and rose-like structure of this mineral mean that it is gypsum. 
 

Color, Streak, and Luster 

Diamonds have many valuable properties. Diamonds are extremely hard and are used 
for industrial purposes. The most valuable diamonds are large, well-shaped and sparkly. 
Turquoise is another mineral that is used in jewelry because of its striking greenish-blue 
color. Many minerals have interesting appearances. Specific terms are used to describe 
the appearance of minerals. 
 

Color 

Color is probably the easiest property to observe. Unfortunately, you can rarely identify 
a mineral only by its color. Sometimes, different minerals are the same color. For 

example, you might find a mineral that is 
a gold color, and so think it is gold. But it 
might actually be pyrite, or “fool's gold,” 
which is made of iron and sulfide. It 
contains no gold atoms. 

A certain mineral may form in different 
colors. This figure shows four samples of 
quartz: (A) transparent quartz, (B) blue 
agate, (C) rose quartz, and (D) purple 
amethyst. The purple color comes from a 
tiny amount of iron. The iron in quartz is a 
chemical impurity. Iron is not normally 
found in quartz. Many minerals are 
colored by chemical impurities.  

Other factors can also affect a mineral’s color. Weathering changes the surface of a 
mineral. Because color alone is unreliable, geologists rarely identify a mineral just on its 
color. To identify most minerals, they use several properties. 
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Streak 

Streak is the color of the powder of a mineral. To 
do a streak test, you scrape the mineral across 
an unglazed porcelain plate. The plate is harder 
than many minerals, causing the minerals to 
leave a streak of powder on the plate. The color 
of the streak often differs from the color of the 
larger mineral sample, as figure right shows. Rub 
a mineral across an unglazed porcelain plate to 
see its streak. The hematite shown here has a 
red streak. 

Streak is more reliable than color to identify 
minerals. The color of a mineral may vary. Streak does not vary. Also, different minerals 
may be the same color, but they may have a different color streak. For example, 
samples of hematite and galena can both be dark gray. They can be told apart because 
hematite has a red streak and galena has a gray streak. 

Luster 

Luster describes the way light reflects off of the surface of the mineral. You might 
describe diamonds as sparkly or pyrite as shiny. But mineralogists have special terms to 
describe luster. They first divide minerals into metallic and non-metallic luster. Minerals 
that are opaque and shiny, like pyrite, are said to have a “metallic” luster. Minerals with 
a “non-metallic” luster do not look like metals. There are many types of non-metallic 
luster.  

(A) Diamonds have an adamantine 
luster. These minerals are 
transparent and highly reflective. 
(B) Kaolinite is a clay with a dull or 
earthy luster. (C) Opal’s luster is 
greasy. (D) Chalcopyrite, like its 
cousin pyrite, has metallic luster. 
(E) Stilbite (orange) has a resinous 
luster. (F) The white ulexite has 
silky luster. (G) Sphalerite has a 
submetallic luster. (H) This Mayan 
artifact is carved from jade. Jade is 
a mineral with a waxy luster. 
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Density 

Density describes how much matter is in a certain amount of space. Substances that 
have more matter packed into a given space have higher densities. The water in a 
drinking glass has the same density as the water in a bathtub or swimming pool. All 
substances have characteristic densities, which does not depend on how much of a 
substance you have. 

Mass is a measure of the amount of matter in an object. The amount of space an object 
takes up is described by its volume. The density of an object depends on its mass and 
its volume. Density can be calculated using the following equation: 

 

Samples that are the same size, but have different densities, will have different masses. 
Gold has a density of about 19 g/cm3. Pyrite has a density of only about 5 g/cm3. Quartz 
is even less dense than pyrite, and has a density of 2.7 g/cm3. If you picked up a piece 
of pyrite and a piece of quartz that were the same size, the pyrite would seem almost 
twice as heavy as the quartz. 

Hardness 

Hardness is a mineral’s ability to resist being 
scratched. Minerals that are not easily scratched are 
hard. You test the hardness of a mineral by scratching 
its surface with a mineral of a known hardness. 
Mineralogists use the Mohs Hardness Scale, shown in 
the table on the following page, as a reference for 
mineral hardness. The scale lists common minerals in 
order of their relative hardness. You can use the 
minerals in the scale to test the hardness of an 
unknown mineral. 

As you can see, diamond is a 10 on the Mohs 
Hardness Scale. Diamond is the hardest mineral; no 
other mineral can scratch a diamond. Quartz is a 7. It 
can be scratched by topaz, corundum, and diamond. 
Quartz will scratch minerals that have a lower number 
on the scale. Fluorite is one. Suppose you had a piece 
of pure gold. You find that calcite scratches the gold. 
Gypsum does not. Gypsum has a hardness of 2 and 
calcite is a 3. That means the hardness of gold is 
between gypsum and calcite. So the hardness of gold 
is about 2.5 on the scale. A hardness of 2.5 means 
that gold is a relatively soft mineral. It is only about as 
hard as your fingernail. 
 

 

 

 

Hardness Mineral 

1 Talc 

2 Gypsum 

3 Calcite 

4 Fluorite 

5 Apatite 

6 Orthoclase 
feldspar 

7 Quartz 

8 Topaz 

9 Corundum 

10 Diamond 

http://dictionary.reference.com/browse/density?s=t
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Cleavage and Fracture 

Different types of minerals break apart in their own way. Remember that all minerals are 
crystals. This means that the atoms in a mineral are arranged in a repeating pattern. 
This pattern determines how a mineral will break. When you break a mineral, you break 
chemical bonds. Because of the way the atoms are arranged, some bonds are weaker 
than other bonds. A mineral is more likely to break where the bonds between the atoms 
are weaker. 

Cleavage 

Cleavage is the tendency of a mineral to break along certain planes. When a mineral 
breaks along a plane it makes a smooth surface. Minerals with different crystal 
structures will break or cleave in different ways, as in figure below. Halite tends to form 
cubes with smooth surfaces. Mica tends to form sheets. Fluorite can form octahedrons. 

Minerals with different crystal 
structures have a tendency to 
break along certain planes. 

Minerals can form 
various shapes. 
Polygons are shown in 
figure below. The 

shapes form as the minerals are broken along their cleavage planes. Cleavage planes 
determine how the crystals can be cut to make smooth surfaces. People who cut 
gemstones follow cleavage planes. Diamonds and emeralds can be cut to make 
beautiful gemstones. 

 

Cubes have six sides that are all the same size square. All of the angles in a cube are 
equal to 90°. 
Rhombohedra also 
have six sides, but 
the sides are 
diamond-shaped. 
Octahedra have 
eight sides that are 
all shaped like triangles. 

 
Fracture 

Fracture describes how a mineral breaks without any pattern. A 
fracture is uneven. The surface is not smooth and flat. You can learn 
about a mineral from the way it fractures. If a mineral splinters like 
wood, it may be fibrous. Some minerals, such as quartz, fracture to 
form smooth, curved surfaces. A mineral that broke forming a smooth, 
curved surface is shown in figure left. 

This mineral formed a smooth, curved surface when it fractured. 
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Other Identifying Characteristics 

Minerals have other properties that can be used for identification. For example, a 
mineral’s shape may indicate its crystal structure. Sometimes crystals are too small to 
see. Then a mineralogist may use a special instrument to find the crystal structure. 

Some minerals have unique properties. Some of these properties are listed in table 
below.  An example of a mineral that has each property is also listed. 

Property Description Example of Mineral 

Fluorescence Mineral glows under ultraviolet light Fluorite 

Magnetism Mineral is attracted to a magnet Magnetite 

Radioactivity Mineral gives off radiation that can be measured 
with Geiger counter 

Uraninite 

Reactivity Bubbles form when mineral is exposed to a 
weak acid 

Calcite 

Smell Some minerals have a distinctive smell Sulfur (smells like 
rotten eggs) 

 

Minerals Assessment 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales, 
including the atomic scale. 

1. What is a mineral? List the ways minerals are formed.  (DOK 1) 
2. If a mineral has a unique property that only that type of mineral has, is it good for 

identifying that mineral? Is there any time that it might not be? (DOK 2) 
3. You are trying to identify a mineral sample. Apatite scratches the surface of the 

mineral. Which mineral would you use next to text the mineral’s hardness—
fluorite or feldspar? Explain your reasoning. (DOK 3) 
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5.2 Rocks 
This reading supports… 

MS-ESS2-1:  Develop a model to describe the cycling of Earth’s materials and the flow 
of energy that drives this process 

 

Will this rock be there forever? 

Rocks may seem permanent, but they're not. 
Over time a rock will change into another type 
of rock. How this happens is known as the 
rock cycle . There are three main types of 
rocks. There are several processes that can 
change one type into another. First we need 
to learn what the rocks types and processes 
are. 

What is a Rock? 

A rock is a naturally formed, non-living Earth material. Rocks are made of minerals. The 
minerals may be so tiny that you can only see them with a microscope. The minerals 
may be really large. A rock may be made of only one type of mineral. More often rocks 
are made of a mixture of different minerals. A few types of rocks are made from 
materials that are not minerals. For example, coal is organic so it is not a mineral, nor is 
it made of minerals. Yet coal is a rock. The figure on the right contains different types of 
rock. (A) Granite has large crystals because it cools slowly. (B) Basalt has very small 
crystals because it cools quickly. (C) Coal is made up of organic material. (D) Jade is 
made of the mineral jadeite. 

Rocks are named for the combinations of 
minerals they are made of and the ways 
those minerals came together. 
Remember that different minerals form 
under different environmental conditions. 
So the minerals in a rock contain clues 
about the conditions in which the rock 
formed (figure right). 

 

 

 

 

 

 

 

http://dictionary.reference.com/browse/rock%20cycle?s=t
http://dictionary.reference.com/browse/rock?s=t
http://www.ck12.org/earth-science/Minerals
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Rock Types 

Geologists group rocks based on how they form. There are three major rock types. 
Each will be described in more detail in the coming concepts. 

Igneous rocks form from the cooling and hardening of molten magma in many different 
environments. The chemical composition of the magma and the rate at which it cools 
determine what rock forms. Igneous rocks can cool slowly beneath the surface or 
rapidly at the surface. These rocks are identified by their composition and texture. More 
than 700 different types of igneous rocks are known. This video discusses how to 
identify igneous rocks: http://www.youtube.com/watch?v=Q0XtLjE3siE. 

Sedimentary rocks form by the compaction and cementing together of sediments , 
broken pieces of rock-like gravel, sand, silt, or clay. Those sediments can be formed 
from the weathering and erosion of preexisting rocks. Sedimentary rocks also include 
chemical precipitates, the solid materials left behind after a liquid evaporates. 

Metamorphic rocks form when an existing rock is changed by heat or pressure. The 
minerals in the rock change but do not melt. The rock experiences these changes within 
the Earth. This video discusses how to identify a metamorphic rocks: 
http://www.youtube.com/watch?v=qs9x_bTCiew . 

A simple explanation of the three rock types and how to identify them can be seen in 
these videos at http://www.youtube.com/watch?v=tQUe9C40NEE and 

https://youtu.be/G7AWGhQynTY   
 

Intrusive and Extrusive Igneous Rocks 

Are both of these rocks igneous? 

These rocks don't even look 
like they're the same type! 
They are, at least in the same 
way that fish and mice are both 
vertebrates. They both cooled 
from magma, but the 
similarities end there. Can you 
tell what's different? 
 

Cooling 
 
Igneous rocks cool from magma. The appearance of the rock is created by the 
composition of the magma. It is also determined by the rate that the magma cools. If the 
magma cools deep underground, it cools slowly. If the magma cools at or very near the 
surface, it cools quickly. This results in two different rock types. The rock types can be 
told apart by the size of their crystals. The size of the crystals creates the texture of the 
rock. 

http://dictionary.reference.com/browse/igneous?s=t
http://www.ck12.org/earth-science/Igneous-Rocks
http://www.ck12.org/earth-science/Igneous-Rocks
http://www.youtube.com/watch?v=Q0XtLjE3siE
http://dictionary.reference.com/browse/sedimentary?s=t
http://www.ck12.org/earth-science/Weathering-and-Erosion
http://www.ck12.org/earth-science/Sedimentary-Rocks
http://dictionary.reference.com/browse/metamorphic?s=t
http://www.ck12.org/physical-science/Heat-in-Physical-Science
http://www.ck12.org/earth-science/Metamorphic-Rocks
http://www.youtube.com/watch?v=qs9x_bTCiew
http://www.youtube.com/watch?v=tQUe9C40NEE
https://youtu.be/G7AWGhQynTY
http://www.ck12.org/life-science/Fish-in-Life-Science
http://www.ck12.org/earth-science/Igneous-Rocks
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Intrusive Igneous Rocks 

Intrusive igneous rocks cool 
underground. Deep in the crust, magma 
cools slowly. Slow cooling gives crystals a 
chance to grow. Intrusive igneous rocks 
have relatively large crystals that are easy 
to see. Intrusive igneous rocks are also 
called plutonic. A pluton is an igneous 
rock body that forms within the crust. 

Granite is the most common intrusive 
igneous rock. Pictured above are four 
types of intrusive rocks. (A) This granite 

has more plagioclase feldspar than many granites. 
(B) Diorite has more dark-colored minerals than 
granite. (C) Gabbro. (D) Peridotite contains olivine 
and other mafic minerals. 

Geological processes have brought some igneous 
rocks to the surface. Pictured below is a landscape 
in California’s Sierra Nevada Mountains made of 
granite that has been raised to create mountains 
(figure right). 

 

Extrusive Igneous Rocks 

Extrusive igneous rocks form above the surface. The lava cools quickly as it pours out 
onto the surface (figure below). Extrusive igneous rocks cool much more rapidly than 
intrusive rocks. The rapid cooling time does not allow time for large crystals to form. So 
igneous extrusive rocks have smaller crystals than igneous intrusive rocks. Extrusive 
igneous rocks are also called volcanic rocks. 

(A) Lava cools to form 
extrusive igneous rock. 
The rocks here are 
basalts. (B) The 
strange rock formations 
of Chiricahua National 
Monument in Arizona 
are formed of the 
extrusive igneous rock 
rhyolite. 

 

 

 

 



91 
 

Some extrusive igneous rocks cool so rapidly that crystals do not develop at all. These 
form a glass, such as obsidian. Others, such as pumice, contain holes where gas 
bubbles were trapped in the lava. The holes make pumice so light that it actually floats 
in water. The most common extrusive igneous rock is basalt. It is the rock that makes 
up the ocean floor. Shown below are three types of extrusive igneous rocks (Figure 
below). 

 

Different cooling rate and gas content resulted in these different textures. 

Use the resource below at http://safeshare.tv/v/ss578ec6e873acf  (5:06) 

 

Sedimentary Rock Classification 

Can you tell which type of rock these are? 

If you look up close, you would be able to see grains of sand. From this distance, you 
can see different layers 
from where the sand was 
laid down. This rock is 
sandstone. The sand grains 
are cemented together to 
make sandstone. 
Sandstone is a common 
type of sedimentary rock. 

Types of Sedimentary Rocks 

The main types of sedimentary rocks are clastic or chemical. Some sedimentary rocks 
are a third type, organic. Clastic sedimentary rocks are made of sediments. The 
sediments differ in size. Chemical sedimentary rocks are made of minerals that 
precipitate from saline water. Organic sedimentary rocks are made from the bodies of 
organisms. 

Clastic sedimentary rocks are grouped by the size of the sediment they contain. 
Conglomerate and breccia are made of individual stones that have been cemented 
together. In conglomerate, the stones are rounded. In breccia, the stones are angular. 
Sandstone is made of sand-sized particles. Siltstone is made of smaller particles. Silt is 
smaller than sand but larger than clay. Shale has the smallest grain size. Shale is made 
mostly of clay-sized particles and hardened mud. 

http://www.ck12.org/earth-science/Igneous-Rock-Properties/lesson/Intrusive-and-Extrusive-Igneous-Rocks-Basic/#x-ck12-RmlndXJlLTA0LTE0LVRleHR1cmVz
http://safeshare.tv/v/ss578ec6e873acf
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Rock Sediment Size Other Features 

Conglomerate Large Rounded 

Breccia Large Angular 

Sandstone Sand-sized 
 

Siltstone Silt-sized, smaller than sand 
 

Shale Clay-sized, smallest 
 

 
When sediments settle out of calmer water, they form 
horizontal layers. One layer is deposited first, and another 
layer is deposited on top of it. So each layer is younger than 
the layer beneath it. When the sediments harden, the layers 
are preserved. 

Sedimentary rocks formed by the crystallization of chemical 
precipitates are called chemical sedimentary rocks. 
Dissolved ions in fluids precipitate out of the fluid and settle 
out, just like the halite pictured below (figure left). The 

evaporite, halite, on a cobble from the Dead Sea, Israel. 

Living creatures can help chemicals become sedimentary rocks. Limestone is an 
example. 

The bodies of organisms can make a sedimentary rock. These are called Organic 
Sedimentary Rocks. Plant bodies are lithified to become coal. When shells are 
cemented together they make a type of limestone. So limestone can be considered 
chemical or organic. 

Metamorphic Rock Classification 

What's the difference in these two rocks? 

The rock on the left was the 
sedimentary rock shale. Now 
it's the metamorphic rock slate. 
Slate looks very similar to 
shale, but harder and more 
plate-like. The rock on the right 
is gneiss. The light and dark 
minerals have separated into 
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bands. Gneiss is produced by higher temperature 
metamorphism. The original rock was different in 
both cases. 

The rock in this photo is a banded gneiss. The bands are of 
different composition, more felsic and more mafic, that separated 
as a result of heat and pressure. The waviness of the bands also 
shows how the rock was hot enough to alter but not to melt all 
the way. 

 

Metamorphism 

Any type of rock – igneous, sedimentary, or 
metamorphic — can become a metamorphic rock. All 
that is needed is enough heat and/or pressure to alter 
the existing rock’s physical or chemical makeup without 
melting the rock entirely. Rocks change during 
metamorphism because the minerals need to be stable 
under the new temperature and pressure conditions. 
The need for stability may cause the structure of 
minerals to rearrange and form new minerals. Ions may 
move between minerals to create minerals of different 
chemical composition. Hornfels, with its alternating 
bands of dark and light crystals (right figure), is a good 
example of how minerals rearrange themselves during 
metamorphism.  

Texture 

Extreme pressure may also lead to foliation, the flat layers that 
form in rocks as the rocks are squeezed by pressure. Foliation 
normally forms when pressure is exerted in only one direction. 
Metamorphic rocks may also be non-foliated. Quartzite and 
marble are non-foliated (as shown to left). 

 

 

.Types of Metamorphism 

The two main types of metamorphism are both related to heat within Earth: 

1. Regional metamorphism: Changes in enormous quantities of rock over a wide 
area caused by the extreme pressure from overlying rock or from compression 
caused by geologic processes. Deep burial exposes the rock to high 
temperatures. 

2. Contact metamorphism: Changes in a rock that is in contact with magma. The 
changes occur because of the magma’s extreme heat. 

 

 

http://www.ck12.org/physics/Temperature
http://www.ck12.org/physical-science/Heat-in-Physical-Science
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Explore More 

Use the resource below to answer the questions that follow. Metamorphic Rocks at 
http://safeshare.tv/v/ss578ec947cd12d  (8:57) 

1. How are metamorphic rocks classified? 
2. How do metamorphic rocks form? 
3. What is recrystallization? 
4. Why are these rocks the most dense? 
5. Where do metamorphic rocks form? 
6. Where does regional metamorphism occur? 
7. What is a foliated rock? 
8. What does shale become when heated and put under pressure? 
9. What is schist? 
10. Describe gneiss. 
11. What is the evidence for regional metamorphosis? 
12. What is contact metamorphism? 
13. Where does contact metamorphism occur? 
14. Describe non-foliated rocks. 
15. Why is hornfels unique? 

Rocks Assessment 

 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales, 
including the atomic scale. 
 

1. What is a rock? (DOK 1) 
2. Use a Venn Diagram to compare and contrast the different types of rocks. (DOK 

2) 
3. How are igneous, sedimentary, and metamorphic rocks related? *Hint use the 

sections of your Venn Diagram to see this relationship. (DOK 3) 
 

 

 

 

 

 

 

 

 

 

http://safeshare.tv/v/ss578ec947cd12d
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5.3 Weathering 

This reading supports... 
ESS2-1:  Develop a model to describe the cycling of Earth’s material and the flow of 
energy that drives this process. 
 

ESS2-2:  Construct an explanation based on evidence for how geoscience processes 
have changed Earth’s surface at varying time and spatial scales. 

What is Weathering? 

Weathering changes solid rock into sediments. Sediments are different sizes of rock 
particles. Boulders are sediments; so is gravel. At the other end, silt and clay are also 

sediments. Weathering causes rocks at the Earth’s 
surface to change form. The new minerals that form 
are stable at the Earth’s surface. 

 

It takes a long time for a rock or mountain to weather. 
But a road can do so much more quickly. If you live in 
a part of the world that has cold winters, you may only 
have to wait one year to see a new road start to 
weather (figure left). 

Weathering 

1. Mechanical Weathering 

Mechanical weathering breaks rock into smaller pieces. These smaller pieces are just 
like the bigger rock; they are just smaller! The rock has broken without changing its 
composition. The smaller pieces have the same minerals in the same proportions. You 
could use the expression “a chip off the old block” to describe mechanical weathering! 
The main agents of mechanical weathering are water, ice, and wind. 
 

A. Ice Wedging 

Rocks can break apart into smaller pieces in many ways. Ice wedging is common where 
water goes above and below its freezing point (figure below). This can happen in winter 
in the mid-latitudes or in colder climates in summer. Ice wedging is common in 
mountainous regions. 

 

 

Diagram showing ice 
wedging. 

 

 

 

This is how ice wedging works. When liquid water changes into solid ice, it increases in 
volume. You see this when you fill an ice cube tray with water and put it in the freezer. 

http://www.ck12.org/section/Weathering-%3A%3Aof%3A%3A-MS-Weathering-and-Formation-of-Soil-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMDktMDEtd2VhdGhlcmVkLXJvYWQ.
http://dictionary.reference.com/browse/mechanical%20weathering?s=t
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The ice cubes go to a higher level in the tray than the water. You also may have seen 
this if you put a can of soda into the freezer so that it cools down quickly. If you leave 
the can in the freezer too long, the liquid expands so much that it bends or pops the 
can. (For the record, water is very unusual. Most substances get smaller when they 
change from a liquid to a solid.) 

 

Ice wedging happens because water expands as it goes from liquid to solid. When the 
temperature is warm, water works its way into cracks in rock. When the temperature 
cools below freezing, the water turns to ice and expands. The ice takes up more space. 
Over time, this wedges the rock apart. Ice wedging is very effective at weathering. You 
can find large piles of broken rock at the base of a slope. These rocks were broken up 
by ice wedging. Once loose, they tumbled down the slope. 

B. Abrasion 

Abrasion is another type of mechanical weathering. With abrasion, one rock bumps 
against another rock. Gravity causes abrasion as a rock tumbles down a slope. Moving 
water causes abrasion it moves rocks so that they bump against one another.  Strong 
winds cause abrasion by blasting sand against rock surfaces. Finally, the ice in glaciers 
cause abrasion. Pieces of rock embedded in ice at the bottom of a glacier scrape 
against the rock below. If you have ever collected beach glass or pebbles from a 
stream, you have witnessed the work of abrasion. 
 

C. Plants and Animals  

Sometimes biological elements cause mechanical weathering. This can happen slowly. 
A plant’s roots grow into a crack in rock. As the roots grow larger, they wedge open the 
crack. Burrowing animals can also cause weathering. By digging for food or creating a 
hole to live in the animal may break apart rock. Today, human beings do a lot of 
mechanical weathering whenever we dig or blast into rock. This is common when we 
build homes, roads, and subways, or quarry stone for construction or other uses. 

2. Chemical Weathering 

Mechanical weathering increases the rate of chemical weathering. As rock breaks into 
smaller pieces, the surface area of the pieces increases. With more surfaces exposed, 
there are more places for chemical weathering to occur. Let’s say you wanted to make 
some hot chocolate on a cold day. It would be hard to get a big chunk of chocolate to 
dissolve in your milk or hot water. Maybe you could make hot chocolate from some 
smaller pieces like chocolate chips, but it is much easier to add a powder to your milk. 
This is because the smaller the pieces are, the more surface area they have. Smaller 
pieces dissolve more easily. 

Chemical weathering is different than mechanical weathering. The minerals in the rock 
change. The rock changes composition and becomes a different type of rock. Most 
minerals form at high pressure or high temperatures deep within Earth. But at Earth's 
surface, temperatures and pressures are much lower. Minerals that were stable deeper 
in the crust are not stable at the surface. That’s why chemical weathering happens. 
Minerals that formed at higher temperature and pressure change into minerals that are 

http://dictionary.reference.com/browse/chemical%20weathering?s=t
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stable at the surface. Chemical weathering is important. It starts the process of 
changing solid rock into soil. We need soil to grow food and create other materials we 
need. Chemical weathering works through chemical reactions that change the rock. 

There are many agents of chemical weathering. Remember that water was a main 
agent of mechanical weathering. Well, water is also an agent of chemical weathering. 
That makes it a double agent! Carbon dioxide and oxygen are also agents of chemical 
weathering. Each of these is discussed in the following paragraphs. 

A. Water 

Water is an amazing molecule. It has a very simple chemical formula, H2O. It is made of 
just two hydrogen atoms bonded to one oxygen atom. Water is remarkable in terms of 
all the things it can do. Lots of things dissolve easily in water. Some types of rock can 
even completely dissolve in water! Other minerals change by adding water into their 
structure. 
 

B. Carbon Dioxide 

Carbon dioxide (CO2) combines with water as raindrops fall through the air. This makes 
a weak acid, called carbonic acid. This happens so often that carbonic acid is a 
common, weak acid found in nature. This acid works to dissolve rock. It eats away at 
sculptures and monuments. While this is normal, more acids are made when we add 
pollutants to the air. Any time we burn any fossil fuel, it adds nitrous oxide to the air. 
When we burn coal rich in sulfur, it adds sulfur dioxide to the air. As nitrous oxide and 
sulfur dioxide react with water, they form nitric acid and sulfuric acid. These are the two 
main components of acid rain. Acid rain accelerates chemical weathering. 

C. Oxygen 

Oxygen strongly reacts with elements at the Earth’s 
surface. You are probably most familiar with the rust 
that forms when iron reacts with oxygen (figure right). 
Many minerals are rich in iron. They break down as the 
iron changes into iron oxide. This makes the red color 
in soils. 

Iron ore oxidizes readily. 

Plants and animals also cause chemical weathering. As 
plant roots take in nutrients, elements are exchanged. 

Weathering Happens at Different Rates 

Each type of rock weathers in its own way. Certain types of rock are very resistant to 
weathering. Igneous rocks tend to weather slowly because they are hard. Water cannot 
easily penetrate them. Granite is a very stable igneous rock. Other types of rock are 
easily weathered because they dissolve easily in weak acids. Limestone is a 
sedimentary rock that dissolves easily. When softer rocks wear away, the more 
resistant rocks form ridges or hills. 



98 
 

Devil’s Tower in Wyoming shows how different 
types of rock weather at different rates (figure 
left). The softer materials of the surrounding 
rocks were worn away. The resistant center of 
the volcano remains behind. 
Minerals also weather differently. Some minerals 
completely dissolve in water. As less resistant 
minerals dissolve away, a rock’s surface 
becomes pitted and rough. When a less resistant 
mineral dissolves, more resistant mineral grains 
are released from the rock. 

 

Climate 
 

A region’s climate strongly influences weathering.  Climate is determined by the 
temperature of a region plus the amount of precipitation is received.  Climate is weather 
averaged over a long period of time.  Chemical weathering increases as: 

 Temperature increases: Chemical reactions occur more rapidly at higher 
temperatures.  For every 10 degree C in temperature the rate of chemical 
reactions doubles. 

 Precipitation increases: More water allows more chemical reactions. Since water 
can cause both mechanical and chemical weathering, more water strongly 
increases weathering 

So how to different climates influence weathering?  A cold, dry climate will produce the 
lowest rate of weathering.  A warm, wet climate will produce the highest rate of 
weathering. 
 

Weathering Assessment 
Essential Skill:  Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 
 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales, 
including the atomic scale. 
 

1. Describe the process of ice wedging.  (DOK 1) 
2. Would granite weather faster in Sedona, Arizona or New Orleans, 

Louisiana?  Explain your answer in terms of climate.  (DOK 2) 
3. Do humans cause weathering?  Write a paragraph that explains your answer or 

discusses your reasoning.  Cite evidence for your claim.  (DOK 3) 
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5.4 Erosion and Deposition 

This reading supports... 
ESS2-1:  Develop a model to describe the cycling of Earth’s material and the flow of 
energy that drives this process. 
ESS2-2:  Construct an explanation based on evidence for how geoscience processes 
have changed Earth’s surface at varying time and spatial scales. 
 

 

Landforms from Stream Erosion and Deposition 

 

What on Earth are 'goosenecks'? 

In Southeastern Utah, stream meanders 
have been immortalized by erosion into the 
Goosenecks of the San Juan River. This 
satellite image shows the amazing path the 
river has cut. Even better is to stand at the 
edge and look into one of the meanders. 
Goosenecks State Park is in the 
southeastern corner of Utah. 
 

Erosion and Deposition by Moving Water 

Erosion and deposition are responsible for many landforms. Erosion is the transport of 
sediments. Agents of erosion include flowing water, waves, wind, ice, or gravity. Eroded 
material is eventually dropped somewhere else. This is called deposition. 

How Flowing Water Causes Erosion and Deposition 

Flowing water is a very 
important agent of 
erosion. Flowing water 
can erode rocks and soil. 
Water dissolves minerals 
from rocks and carries 
the ions. This process 
happens really slowly. 
But over millions of years, 
flowing water dissolves 
massive amounts of rock. 

Moving water also picks 
up and carries particles of 
soil and rock. The ability 
to erode is affected by the 
velocity, or speed, of the water. The size of the eroded particles depends on the velocity 
of the water. Eventually, the water deposits all the materials. 
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Faster-moving water has more energy. Therefore, it can carry larger particles. It can 
carry more particles. What causes water to move faster? The slope of the land over 
which the water flows is one factor. The steeper the slope, the faster the water flows. 
Another factor is the amount of water that's in the stream. Streams with a lot of water 
flow faster than streams that are nearly dry. 
 

Particle Size and Erosion 

The size of particles determines how they are carried by flowing water. This is illustrated 
in the figure left. 

 Minerals that dissolve in water form salts. The salts are carried in solution. They 
are mixed thoroughly with the water. 

 Small particles, such as clay and silt, are carried in suspension. They are mixed 
throughout the water. These particles are not dissolved in the water. 

 Somewhat bigger particles, such as sand, are moved by saltation. The particles 
move in little jumps near the stream bottom. They are nudged along by water and 
other particles. 

 The biggest particles, including gravel and pebbles, are moved by traction. In this 
process, the particles roll or drag along the bottom of the water. 

Deposition by Water 

Flowing water slows down when it reaches flatter land or flows into a body of still water. 
What do you think happens then? The water starts dropping the particles it was 
carrying. As the water slows, it drops the largest particles first. The smallest particles 
settle out last. 

Erosion and Deposition by Surface Water 
 

Water that flows over Earth’s surface includes runoff, streams, and rivers. All these 
types of flowing water can cause erosion and deposition. 
 

Erosion by Runoff 

When a lot of rain falls in a short period of time, much of the water is unable to soak into 
the ground. Instead, it runs over the land. 
Gravity causes the water to flow from higher 
to lower ground. As the runoff flows, it may 
pick up loose material on the surface, such 
as bits of soil and sand. Runoff is likely to 
cause more erosion if the land is bare. 
Plants help hold the soil in place. The runoff 
water in the figure to the left is brown 
because it eroded soil from a bare, sloping 
field. Can you find evidence of erosion by 
runoff where you live? What should you look 
for? 

 

http://www.ck12.org/section/Erosion-and-Deposition-by-Flowing-Water-%3A%3Aof%3A%3A-MS-Erosion-and-Deposition-%3A%3Aof%3A%3A-CK-12-Earth-Science-For-Middle-School/#x-ck12-TVMtRVMtMTAtMDItcGFydGljbGUtc2l6ZQ..
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Much of the material eroded by runoff is carried into bodies of water, such as streams, 
rivers, ponds, lakes, or oceans. Runoff is an important cause of erosion. That’s because 
it occurs over so much of Earth’s surface. 
 

Erosion by Slow-Flowing Rivers 

Rivers flowing over gentle slopes erode the 
sides of their channels more than the bottom. 
Large curves, called meanders, form because 
of erosion and deposition by the moving 
water. The curves are called meanders 
because they slowly “wander” over the land. 
You can see how this happens in the figure to 
the right. 

Meanders form because water erodes the 
outside of curves and deposits eroded 
material on the inside. Over time, the curves 
shift position. 

As meanders erode from side to side, they 
create a floodplain. This is a broad, flat area 
on both sides of a river. Eventually, a meander may become cut off from the rest of the 
river. This forms an oxbow lake, like the one in figure above. 
 

Erosion and Deposition Assessment 

Essential Skill:  Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 

1.) Describe erosion and deposition.  (DOK 1) 

2.)  How does the rate of water flow affect what size of sediment fall out? (DOK 
2) 

3.)  Draw a model of an “s” shape in a stream and label where the erosion and 
deposition will occur.  (DOK 3) 

4.)  Explain why mountain streams erode V-shaped valleys.  (DOK 4) 
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5.5 Rocks and Processes of the Rock Cycle 
This reading supports… 

MS-ESS2-1:  Develop a model to describe the cycling of Earth’s materials and the flow 
of energy that drives this process. 

 

Is this what geologists mean by the rock 
cycle? 

Okay, very punny. The rock cycle shows how 
any type of rock can become any other type 
of rock. Some rocks may stay the same type 
for a long time, for example, if they're at the 
base of the crust, but other rocks may 
relatively rapidly change from one type to 
another. 

 

The Rock Cycle 

The rock cycle, illustrated in figure below, depicts how the three major rock types – 
igneous, sedimentary, and metamorphic - convert from one to another. Arrows 
connecting the rock types represent the processes that accomplish these changes. 

 

Rocks change as a 
result of natural 
processes that are 
taking place all the 
time. Most changes 
happen very slowly. 
Rocks deep within the 
Earth are right now 
becoming other types of 
rocks. Rocks at the 
surface are lying in 
place before they are 
next exposed to a 
process that will change 
them. Even at the 
surface, we may not 
notice the changes. The 
rock cycle has no 
beginning or end. 
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The Processes of the Rock Cycle 

Several processes can turn one type of rock into another type of rock. The key 
processes of the rock cycle are crystallization, erosion and sedimentation, and 
metamorphism. 

 

Crystallization 

Magma cools either underground or on the surface and hardens into an igneous rock. 
As the magma cools, different crystals form at different temperatures, undergoing 
crystallization. For example, the mineral olivine crystallizes out of magma at much 
higher temperatures than quartz. The rate of cooling determines how much time the 
crystals will have to form. Slow cooling produces larger crystals. 

Erosion and Sedimentation 

Weathering wears rocks at the Earth’s surface down into smaller pieces. The small 
fragments are called sediments. Running water, ice, and gravity all transport these 
sediments from one place to another by erosion. During sedimentation, the sediments 
are laid down or deposited. In order to form a sedimentary rock, the accumulated 
sediment must become compacted and cemented together. 

Metamorphism 

When a rock is exposed to extreme heat and pressure within the Earth but does not 
melt, the rock becomes metamorphosed. Metamorphism may change the mineral 
composition and the texture of the rock. For that reason, a metamorphic rock may 
have a new mineral composition and/or texture. Use these resources to answer the 
questions that follow. http://safeshare.tv/v/ss578f7a108ddae  

1. What are the three major types of rocks? 
2. What does the rock cycle mean? 
3. What do wind and water do to rocks at the surface? 
4. How do sedimentary rocks formed? 
5. What must happen to a rock for it to become a metamorphic rock? 
6. When a rock becomes metamorphic does it look the same as it did originally? 
7. What must happen for an igneous rock to form? 
8. What are the two places that a magma can cool? 
9. Is there only one path through the rock cycle? 

Review the rock cycle - click a rock to begin. 

http://www.phschool.com/atschool/phsciexp/active_art/rock_cycle/index.html 
http://www.learner.org/interactives/rockcycle/diagram.html  

 

 

 

 

 

http://safeshare.tv/v/ss578f7a108ddae
http://www.phschool.com/atschool/phsciexp/active_art/rock_cycle/index.html
http://www.learner.org/interactives/rockcycle/diagram.html
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Rocks Assessment 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales, 
including the atomic scale. 

1. How are igneous, sedimentary, and metamorphic rocks related? (DOK 2) 
2. Draw and label a diagram of the rock cycle. (DOK 2) 
3. Be a rock star. Go through the rock cycle as a rock. Describe what is happening 

to you at each stage. You must become each type of rock (sedimentary, igneous, 
and metamorphic) and include the key processes (crystallization, erosion and 
sedimentation, and metamorphism). Define the terms as you are using them. 
(DOK 3) 
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6.1 Fossils 

 

This reading supports... 

MS-LS4-1: Analyze and interpret data for patterns in the fossil record that document 
the existence, diversity, extinction, and change life forms throughout the history of life 
on earth under the assumption that natural laws operate today as in the past. 
 

MS-ESS1-4: Construct a scientific explanation based on evidence from rock strata for 
how the geologic time scale is used to organize Earth’s geologic history. 
 

By the end of this reading you should be able to… 

MS-LS4-2:  Apply scientific ideas to construct an explanation for the anatomical 
similarities and differences among modern organisms and between modern and fossil 
organisms to infer ancestral relationships. 
 

How do we learn about the past? 

 

We study the remains of things that existed 
many years ago. The Ruins of Pompeii have 
given archaeologists, historians, and other 
scholars a tremendous amount of information 
about life two thousand years ago. This section 
discusses studying things that are many 
thousands of years older than these remains. 
 

 

 

Earth in a Day 
 

It’s hard to grasp the vast amounts of time 
since Earth formed and life first appeared 
on its surface. It may help to think of Earth’s 
history as a 24-hour day, as shown in figure 
to the right. Humans would have appeared 
only during the last minute of that day. If we 
are such newcomers on planet Earth, how 
do we know about the vast period of time 
that went before us? How have we learned 
about the distant past? 
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Learning about the Past 

 

Much of what we know about the history of life on Earth is based on the fossil record. 
Detailed knowledge of modern organisms also helps us understand how life evolved. 
 

Fossils 
 

What's on this rock? 

This rock contains a portion of a 
fossilized tree fern. Scientists study 
fossils of plants, animals, and other 
organisms in order to better 
understand what life was like on Earth 
many years ago and how it has 
changed over time. Fossils are 
important evidence for the theory of 
evolution. 
 

Fossilization 
 

What kind of fossil is this? 

As a paleontologist it would be great to find 
a new species of dinosaur or the best 
preserved specimen of a species like 
Tyrannosaurus rex. But lots of important 
information can be gained from 
less....um...glamorous finds. One example 
is this fossil coprolite from a meat-eating 
dinosaur. Fortunately, fossil poo doesn't 
stink! 

 

Fossils were Parts of Living Organisms 
 

It wasn't always known that fossils 
were parts of living organisms. In 
1666, a young doctor named 
Nicholas Steno dissected the head 
of an enormous great white shark 
that had been caught by fisherman 
near Florence, Italy. Steno was 
struck by the resemblance of the 
shark’s teeth to fossils found in 
inland mountains and hills.  A 
Fossil Shark Tooth (left) and 
Modern Shark Tooth (right) are 
pictured here. 
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How Fossils Form 
 

A fossil is any remains or traces of an 
ancient organism. Fossils include body 
fossils, left behind when the soft parts have 
decayed away, and trace fossils, such as 
burrows, tracks, or fossilized coprolites 
(feces) as seen on the previous page. 
Collections of fossils are known as fossil 
assemblages. 
 

 

 

Fossilization is Rare 

Becoming a fossil isn't easy. Only a tiny 
percentage of the organisms that have 
ever lived become fossils. 
Why do you think only a tiny percentage 
of living organisms become fossils after 
death? Think about an antelope that dies 
on the African plain (figure right). 
 

Hyenas are eating an antelope. Will the antelope in this photo become a fossil?  Most of 
its body is eaten by hyenas and other scavengers and the remaining flesh is devoured 
by insects and bacteria. Only bones are left behind. As the years go by, the bones are 
scattered and fragmented into small pieces, eventually turning into dust. The remaining 
nutrients return to the soil. This antelope will not be preserved as a fossil. 

 

 

Is it more likely that a marine organism will become a 
fossil? When clams, oysters, and other shellfish die, the 
soft parts quickly decay, and the shells are scattered. In 
shallow water, wave action grinds them into sand-sized 
pieces. The shells are also attacked by worms, 
sponges, and other animals (figure left). This fossil shell 
that has been attacked by a boring sponge. 
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How about a soft bodied organism? Will a 
creature without hard shells or bones 
become a fossil? There is virtually no 
fossil record of soft bodied organisms 
such as jellyfish, worms, or 
slugs.  Insects, which are by far the most 
common land animals, are only rarely 
found as fossils (figure right) contains a 
rare insect fossil.  Despite these 
problems, there is a rich fossil record. 
How does an organism become 
fossilized? 
 

Hard Parts 
 

Usually it’s only the hard parts that are fossilized. The fossil record consists almost 
entirely of the shells, bones, or other hard parts of animals. Mammal teeth are much 
more resistant than other bones, so a large portion of the mammal fossil record consists 
of teeth. The shells of marine creatures are common also. 
 

Quick Burial 
 

 

Quick burial is essential because most 
decay and fragmentation occurs at the 
surface. Marine animals that die near a 
river delta may be rapidly buried by 
river sediments. A storm at sea may 
shift sediment on the ocean floor, 
covering a body and helping to 
preserve its skeletal remains. This fish 
was quickly buried in sediment to 
become a fossil. 
 

 

Quick burial is rare on land, so fossils of land animals 
and plants are less common than marine fossils. Land 
organisms can be buried by mudslides, volcanic ash, or 
covered by sand in a sandstorm (figure right)  is of 
people buried by the extremely hot eruption of ash and 
gases at Mt. Vesuvius in 79 AD.  Skeletons can be 
covered by mud in lakes, swamps, or bogs. 
 

 

 

 

 

http://www.ck12.org/life-science/Fish-in-Life-Science
http://www.ck12.org/earth-science/How-Fossilization-Creates-Fossils/lesson/Fossils-I-Fossilization/?referrer=concept_details#x-ck12-SFMtRVMtMTEtMTEtUGVvcGxlLWJ1cnJpZWQtYnktaG90LWVydXB0aW9ucw..
http://www.ck12.org/chemistry/Gases
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Unusual Circumstances 

 

Unusual circumstances may lead to the preservation of a variety of fossils, as at the La 
Brea Tar Pits in Los Angeles, California. Although the animals trapped in the La Brea 
Tar Pits probably suffered a slow, miserable death, their bones were preserved perfectly 
by the sticky tar. The figure below is an artist's concept of animals surrounding the La 
Brea Tar Pits.  In spite of the difficulties of preservation, billions of fossils have been 
discovered, examined, and identified by thousands of scientists. The fossil record is our 
best clue to the history of life on Earth, and an important indicator of past climates and 
geological conditions as well. 
 

 

 

 

 

 

 

Exceptional Preservation 
 

Some rock beds contain exceptional fossils or fossil assemblages. Two of the most 
famous examples of soft organism preservation are from the 505 million-year-old 
Burgess Shale in Canada. The 145 million-year-old Solnhofen Limestone in Germany 
has fossils of soft body parts that are not normally preserved (figures included below). 

 
(a) The Burgess shale contains soft-bodied fossils. (b) 
Anomalocaris, meaning “abnormal shrimp” is now 
extinct. The image is of a fossil. (c) A brittle star from 
the Solnhofen Limestone. (d) The famous 
Archeopteryx fossil from the Solnhofen Limestone has 
distinct feathers and was one of the earliest birds. 
 

 
Types of Fossilization 

 

Most fossils are preserved by 
one of five processes outlined 
below (figure left): 

Five types of fossils: (a) insect preserved 
in amber, (b) petrified wood 
(permineralization), (c) cast and mold of 
a clam shell, (d) pyritized ammonite, and 
(e) compression fossil of a fern. 
 

 

 

http://www.ck12.org/life-science/Birds-in-Life-Science
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Preserved Remains 

Most uncommon is the preservation of soft-tissue original material. Insects have been 
preserved perfectly in amber, which is ancient tree sap. Mammoths and a Neanderthal 
hunter were frozen in glaciers, allowing scientists the rare opportunity to examine their 
skin, hair, and organs. Scientists collect DNA from these remains and compare the DNA 
sequences to those of modern counterparts. 
 

Permineralization 

The most common method of fossilization is 
permineralization. After a bone, wood fragment, or shell is 
buried in sediment, mineral-rich water moves through the 
sediment. This water deposits minerals into empty spaces 
and produces a fossil. Fossil dinosaur bones, petrified 
wood, and many marine fossils were formed by 
permineralization. 

 

Molds and Casts 

When the original bone or shell dissolves and leaves behind an empty space in the 
shape of the material, the depression is called a mold. The space is later filled with 
other sediments to form a matching cast within the mold that is the shape of the original 
organism or part. Many mollusks (clams, snails, octopi, and squid) are found as molds 
and casts because their shells dissolve easily. 

Replacement 

The original shell or bone dissolves and is replaced by a different mineral. For example, 
calcite shells may be replaced by dolomite, quartz, or pyrite. If a fossil that has been 
replaced by quartz is surrounded by a calcite matrix, mildly acidic water may dissolve 
the calcite and leave behind an exquisitely preserved quartz fossil. 

Compression 

Some fossils form when their remains are compressed by high pressure, leaving behind 
a dark imprint. Compression is most common for fossils of leaves and ferns, but can 
occur with other organisms. 
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The Fossil Record 

By studying fossils, evidence for evolution is 
revealed.  Paleontologists are scientists who study 
fossils to learn about life in the past. 
Paleontologists compare the features of species 
from different periods in history. With this 
information, they try to understand how species 
have evolved over millions of years (figure right). 

Evolution of the horse. Fossil evidence, depicted by the skeletal 
fragments, demonstrates evolutionary milestones in this 
process. Notice the 57 million year evolution of the horse leg 
bones and teeth. Especially obvious is the transformation of the 
leg bones from having four distinct digits to that of today's 
horse. 

Through studying fossils, we now know that today's 
organisms look much different in many cases than 
those that were alive in the past. Scientists have 
also shown that organisms were spread out 
differently across the planet. Earthquakes, 
volcanoes, shifting seas, and other movements of 
the continents have all affected where organisms 
live and how they adapted to their changing 
environments. 
 

Practice 

Use this resource to answer the questions that 
follow.  http://safeshare.tv/v/ss57879c7fd5cdf  

1. What are mold fossils? 
2. What are cast fossils? 
3. What are trace fossils? 
4. What are true form fossils? What are the two main kinds talked about in the 

video? 
5. How do insects get preserved by unaltered preservation typically? 
6. What is permineralization? 

Explore More I 
James Hagadorn, Paleontologist: Traces of Early Animal Life at 
http://shapeoflife.org/video/scientist/james-hagadorn-paleontologist-traces-early-animal-life 
(6:11) 

1. Why is it believed the first animals left no fossilized bones? 
2. What do paleontologists look for when they search for evidence of early 

organisms? 
3. How old are the geologic deposits Dr. Hagadorn is searching? How old is the 

evidence he has found for the first mobile organisms? 
4. What does the ability to hunt others do to the fossil record? Why? 

 

http://safeshare.tv/v/ss57879c7fd5cdf
http://www.ck12.org/biology/Insects?referrer=crossref
http://shapeoflife.org/video/scientist/james-hagadorn-paleontologist-traces-early-animal-life
http://shapeoflife.org/video/scientist/james-hagadorn-paleontologist-traces-early-animal-life
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Explore More II 
Jenny Clack, Paleontologist: The First Vertebrate Walks on Land at 
http://shapeoflife.org/video/scientist/jenny-clack-paleontologist-first-vertebrate-walks-land (7:04) 

1. What is a "tetrapod"? What question do paleontologists hope they can answer 
by studying them? 

2. What is special about "Boris"? 

Fossils Assessment 

Essential Skill:   Graphs, charts, and images can be used to identify patterns in data. 
Essential Skill:  Time, space, and energy phenomena can be observed at various scales 
using models to study systems that are too large or too small. 
Essential Skill:  Patterns can be used to identify cause and effect relationships. 
 

1. What are the 5 types of fossilization? Give examples of each.(DOK 1) 
2. Explain the conditions needed to form fossils. (DOK 2) 
3. What has the fossil record revealed about life on Earth? (DOK 3) 
4. The trilobite is the state fossil of Ohio.  The trilobite is called a “Devonian fossil” 

because they have been related in that time 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://shapeoflife.org/video/scientist/jenny-clack-paleontologist-first-vertebrate-walks-land
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6.2 Determining the Rock’s Age 

By the end of this reading, you should be able to... 

MS-LS4-1: Analyze and interpret data for patterns in the fossil record that document 
the existence, diversity, extinction, and change life forms throughout the history of life 
on earth under the assumption that natural laws operate today as in the past. 

Where's a good place to see geology? 

The Southwestern United States is a 
fantastic place to see geology. The 
arid climate means that that the rocks 
are not covered by vegetation. In 
many places, especially the national 
parks, the formations are fantastic. 
The rocks themselves are very 
interesting. The principles discussed 
below are easily seen around the 
Southwest. 

 

 

Relative Age Dating 

Early geologists had no way to determine the absolute age of a geological material. If 
they didn't see it form, they couldn't know if a rock was one hundred years or 100 million 
years old. What they could do was determine the ages of materials relative to each 
other. Using sensible principles they could say whether one rock was older than 
another. They could also determine when a process occurred relative to those rocks. 

Laws of Stratigraphy 

The study of rock strata is called stratigraphy. The laws of stratigraphy can help 
scientists understand Earth’s past. The laws of stratigraphy are usually credited to a 
geologist from 
Denmark named 
Nicolas Steno. He 
lived in the 1600s. 
The laws are 
illustrated in the 
figure to the left ; 
refer to the figure as 
you read about 
Steno's laws below. 

(a) Original horizontality. 
(b) Lateral continuity. (c) 
Superposition. 

http://www.ck12.org/embed/#x-ck12-SFMtRVMtMTEtMTUtU3VwZXJwb3NpdGlvbnM.
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Law of Superposition 

Superposition refers to the position of rock 
layers and their relative ages (figure 
below). Relative age means age in 
comparison with other rocks, either 
younger or older. The relative ages of 
rocks are important for understanding 
Earth’s history. New rock layers are 
always deposited on top of existing rock 
layers. Therefore, deeper layers must be 
older than layers closer to the surface. 
This is the law of superposition. 
 

Superposition. The rock layers at the bottom of this cliff are much older than those at the top. What force 
eroded the rocks and exposed the layers? 

 

Law of Lateral Continuity 

Rock layers extend laterally, or out to the sides. They may cover very broad areas, 
especially if they formed at the bottom of ancient seas. Erosion may have worn away 

some of the rock, but layers on either 
side of eroded areas will still “match 
up.” 

The Grand Canyon is a good example 
of lateral continuity. You can clearly 
see the same rock layers on opposite 
sides of the canyon. The matching 
rock layers were deposited at the 
same time, so they are the same age. 
 
Lateral Continuity. Layers of the same rock type 
are found across canyons at the Grand Canyon. 

 

Law of Original Horizontality 

Sediments were deposited in ancient seas in horizontal, or flat, layers. If sedimentary 
rock layers are tilted, they must have moved after they were deposited. 
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Law of Cross-Cutting Relationships 

 

Rock layers may have another rock cutting across them, like the igneous rock pictured 
below (figure below). Which rock is older? To determine this, we use the law of cross-
cutting relationships. The cut rock layers are older than the rock that cuts across them. 

 

Cross-cutting relationships in rock layers. The rock 
layers at the bottom are cut off by the rock layers 
that are higher up. Which layers are older and which 
are younger? 

 

 

 

 

 

 

Unconformities 

Geologists can learn a lot about Earth’s history by studying sedimentary rock layers. But 
in some places, there’s a gap in time when no rock layers are present. A gap in the 
sequence of rock layers is called an unconformity. 

Look at the rock layers pictured below (figure below); they show a feature called 
Hutton’s unconformity. The unconformity was discovered by James Hutton in the 1700s. 
Hutton saw that the lower rock layers are very old. The upper layers are much younger. 
There are no layers in between the ancient and recent layers. Hutton thought that the 
intermediate rock layers eroded away before the more recent rock layers were 
deposited. 

Hutton's discovery was a very important 
event in geology! Hutton determined that 
the rocks were deposited over time. 
Some were eroded away. Hutton knew 
that deposition and erosion are very 
slow. He realized that for both to occur 
would take an extremely long time. This 
made him realize that Earth must be 
much older than people thought. This 
was a really big discovery! It meant there 
was enough time for life to evolve 
gradually. 

Hutton's unconformity, in Scotland. 

Here is an interactive website on relative ages and geologic time is found here: 
http://www.ucmp.berkeley.edu/education/explorations/tours/geotime/gtpage1.html . 

 
 
 

http://www.ucmp.berkeley.edu/education/explorations/tours/geotime/gtpage1.html
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In some cases, it is very 
tricky to determine the 
sequence of events that 
leads to a certain 
formation. Can you figure 
out what happened in what 
order in (figure to right)? 
Write it down and then 
check your answer below. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A geologic cross section: Sedimentary rocks (A-C), igneous intrusion (D), fault (E). 
The principle of cross-cutting relationships states that a fault or intrusion is younger than the rocks that it cuts 
through. The fault cuts through all three sedimentary rock layers (A, B, and C) and also the intrusion (D). So the fault 
must be the youngest feature. The intrusion (D) cuts through the three sedimentary rock layers, so it must be younger 
than those layers. By the law of superposition, C is the oldest sedimentary rock, B is younger and A is still younger. 
The full sequence of events is: 
1. Layer C formed. 
2. Layer B formed. 
3. Layer A formed. 
4. After layers A-B-C were present, intrusion D cut across all three. 
5. Fault E formed, shifting rocks A through C and intrusion D. 
6. Weathering and erosion created a layer of soil on top of layer A. 
 
 
 
 
 
 
 
 
 

http://www.ck12.org/embed/#module=concept&handle=Weathering-and-Erosion&branch=earth-science&nochrome=true&view_mode=embed
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Correlation Using Relative Ages 

Matching Up Rock Layers 

Superposition and cross-cutting are 
helpful when rocks are touching one 
another and lateral continuity helps 
match up rock layers that are nearby. 
To match up rocks that are further 
apart we need the process of 
correlation. How do geologists 
correlate rock layers that are 
separated by greater distances? 
There are three kinds of clues: 

Distinctive Rock Formations 

Distinctive rock formations may be recognizable across large regions. The famous 
White Cliffs of Dover in southwest England can be matched to similar white cliffs in 
Denmark and Germany (see figure above). 

Index Fossils 

Two separate rock 
units with the same 
index fossil are of 
very similar age. 
What traits do you 
think an index fossil 
should have? To 
become an index 
fossil the organism 
must have (1) been 
widespread so that 
it is useful for 
identifying rock 
layers over large 
areas and (2) 
existed for a 
relatively brief 
period of time so 
that the 
approximate age of 
the rock layer is 
immediately known.  Many fossils may qualify as index fossils (figure above). 
Ammonites, trilobites, and graptolites are often used as index fossils. Several examples 
of index fossils are shown here. Mucrospirifer mucronatus is an index fossil that 
indicates that a rock was laid down from 416 to 359 million years ago. 

http://www.ck12.org/embed/#module=concept&handle=Fossils&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Fossils&branch=biology&nochrome=true&view_mode=embed
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Microfossils, which are fossils of microscopic organisms, are also useful index fossils. 
Fossils of animals that drifted in the upper layers of the ocean are particularly useful as 
index fossils, since they may be distributed over very large areas. 

A biostratigraphic unit, or biozone, is a geological rock layer that is defined by a single 
index fossil or a fossil assemblage. A biozone can also be used to identify rock layers 
across distances. 

Key Beds 

A key bed can be used like an index fossil since a key bed is a distinctive layer of rock 
that can be recognized across a large area. A volcanic ash unit could be a good key 
bed. One famous key bed is the clay layer at the boundary between the Cretaceous 
Period and the Tertiary Period, the time that the dinosaurs went extinct (figure below). 
This widespread thin clay contains a high concentration of iridium, an element that is 
rare on Earth but common in 
asteroids. In 1980, the father-son 
team of Luis and Walter Alvarez 
proposed that a huge asteroid 
struck Earth 66 million years ago 
and caused the mass extinction. 

 

The white clay is a key bed that marks the 
Cretaceous-Tertiary Boundary. 

 

 

 

Use the resource below to answer the questions that follow. 

http://safeshare.tv/v/M4aL96AKKbY   

1. What does the rock that forms the hoodoos of Bryce Canyon tell geologists about 
the environment at the time the sediments were deposited? 

2. Why are the rocks at Bryce Canyon orange? 
3. What happened when the Colorado Plateau rose? 
4. How were the hoodoos created for the most part? 
5. What is the rock that creates the white cliffs at Zion? Why are the sands at angles? 
6. When was that portion of Utah a giant sand dune? Why are there dunes stacked on 

top of dunes? 

 

 

 

 

 

 

 

http://www.ck12.org/embed/#module=concept&handle=Asteroids&branch=earth-science&nochrome=true&view_mode=embed
http://safeshare.tv/v/M4aL96AKKbY
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Absolute Age 

Use the resource below to answer the questions that follow. 
Absolute vs. Relative Ages at http://safeshare.tv/v/JNOmpXo2xlU  (1:32) 
 

1. What is superposition? 
2. How can the age of the layers be determined? 
3. How does volcanic ash help scientists to determine the age of a rock sequence? 
4. What are the radioactive elements? 
5. If a radiometric age can be determined is there any use for a relative age? Why 

or why not? 
 

Activity 

Do the interactive simulation game activity “Radioactive Speed Dating” at the URL 
below. The object of the game is to correctly estimate the age of various virtual fossils 
and rocks using the principles of radiometric dating. The activity is designed as an in-
class competition between teams of students. An answer key is available by e-mail. 

http://phet.colorado.edu/en/contributions/view/3416 
 

Determining the Age of Rocks Assessment: 
Essential Skill: Graphs, charts, and images can be used to identify patterns in data. 
 

1. Draw a visual representation of the following geological Laws. The Law of Original 
Horizontality, Superposition, Lateral Continuity, Cross-cutting Relationships. (DOK 2) 

2. Define relative dating and absolute age. (DOK 1) 
3. How would you summarize how scientists determine the absolute age of a fossil? 

(DOK 2) 
4. Why was Hutton’s discovery of unconformity so important in determining the Earth’s 

Age? (DOK 2) 
5. Explain how index fossils and key 

beds might have been used to 
result in the graph shown to the 
right.  (Note:  This graph is not 
drawn to scale along the vertical 
axis.) (DOK 3) 

  
 

 

 

 

 

 

http://safeshare.tv/v/JNOmpXo2xlU
http://www.ck12.org/embed/#module=concept&handle=Elements&branch=chemistry&nochrome=true&view_mode=embed
http://phet.colorado.edu/en/contributions/view/3416


120 
 

6.3 Geological Time Scale 

By the end of this reading you should be able to... 

MS-ESS1-4:  Construct a scientific explanation based on evidence from rock strata 
for how the geologic time scale is used to organize Earth’s geologic history. 

 

To infinity and beyond! 

We can picture deep space, but what 
does deep time look like? If you 
divided up the years of Earth history 
into one calendar year, as is done at 
the end of this concept, you might get 
an idea. 

 

 

The Geologic Time Scale 

To be able to discuss Earth’s history, scientists needed some way to refer to the time 
periods in which events happened and 
organisms lived. With the information they 
collected from fossil evidence and using 
geological principles, they created a listing of 
rock layers from oldest to youngest. Then 
they divided Earth’s history into blocks of time 
with each block separated by important 
events, such as the disappearance of a 
species of fossil from the rock record. Since 
many of the scientists who first assigned 
names to times in Earth’s history were from 
Europe, they named the blocks of time from 
towns or other local places where the rock 
layers that represented that time were 
found.  From these blocks of time the 
scientists created the geologic time scale.  

In the geologic time scale the youngest ages 
are on the top and the oldest on the bottom. 
Why do you think that the more recent time 
periods are divided more finely? Do you think 
the divisions in the scale are proportional to 
the amount of time each time period 
represented in Earth history? 

The geologic time scale is based on relative 
ages. No actual ages were placed on the 
original time scale.  In what eon, era, period 
and epoch do we now live?  
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Geologic Time Condensed to One Year 

It's always fun to think about geologic time in a framework that we can more readily 
understand. Here are when some major events in Earth history would have occurred if 
all of earth history was condensed down to one calendar year. 

January 1:12 am: Earth forms from the planetary nebula – 4600 million years ago 

February 25, 12:30 pm: The origin of life; the first cells – 3900 million years ago 

March 4, 3:39 pm: Oldest dated rocks – 3800 million years ago 

March 20, 1:33 pm: First stromatolite fossils – 3600 million years ago 

July 17, 9:54 pm: first fossil evidence of cells with nuclei – 2100 million years ago 

November 18, 5:11 pm: Cambrian Explosion – 544 million years ago 

December 1, 8:49 am: first insects – 385 million years ago 

December 2, 3:54 am: first land animals, amphibians – 375 million years ago 

December 5, 5:50 pm: first reptiles – 330 million years ago 

December 12, 12:09 pm: Permo-Triassic Extinction – 245 million years ago 

December 13, 8:37 pm: first dinosaurs – 228 million years ago 

December 14, 9:59 am: first mammals -- 220 million years ago 

December 22, 8:24 pm: first flowering plants – 115 million years ago 

December 26, 7:52 pm: Cretaceous-Tertiary Extinction – 66 million years ago 

December 26, 9:47 pm: first ancestors of dogs – 64 million years ago 

December 27, 5:25 am: widespread grasses – 60 million years ago 

December 27, 11:09 am: first ancestors of pigs and deer – 57 million years ago 

December 28, 9:31 pm: first primates – 39 million years ago 

December 31, 5:18 pm: oldest hominid – 4 million years ago 

December 31, 11:02 pm: oldest direct human ancestor – 1 million years ago 

December 31, 11:48 pm: first modern human – 200,000 years ago 

December 31, 11:59 pm: Revolutionary War – 235 years ago 

Source: http://www.timetoast.com/timelines/63215 

 

 

 

 

 

http://www.ck12.org/embed/#module=concept&handle=Cells&referrer=crossref&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Rocks&referrer=crossref&branch=earth-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Fossils&referrer=crossref&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Cells&referrer=crossref&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Insects&referrer=crossref&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Amphibians-in-Life-Science&referrer=crossref&branch=life-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Reptiles&referrer=crossref&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Flowering-Plants&referrer=crossref&branch=biology&nochrome=true&view_mode=embed
http://www.timetoast.com/timelines/63215
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Geologic Time Assessments: 

Essential Skill: Cause and effect relationships may be used to predict phenomena in 
natural or designed systems. 

1. In what eon, era, period and epoch do we now live? (DOK 1) 
2. How did scientists determine geologic time? (DOK 2) 
3. Create a timeline of the Earth’s History including important events and earth’s 

firsts.  (DOK 3 ) 
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7. 1 Resources Humans Use 

This reading supports: 

MS-ESS3-1: Construct a scientific explanation based on evidence for how uneven 
distributions of Earth’s mineral, energy, and groundwater resources are the result of 
past and geoscience processes. 

What resources are in those electronics? 
 

Everyone may realize that we use resources like 
trees, copper, water, and gemstones, but how 
many of us realize the tremendous variety of 
elements we need to make a single electronic 
device? A tablet computer with a touch screen 
contains many common chemical elements and 
a variety of rare earth elements. 
 

Common Materials We Use from the Earth 

People depend on natural resources for just about everything that keeps us fed and 
sheltered, as well as for the things that keep us entertained. Every person in the United 
States uses about 20,000 kilograms (40,000 pounds) of minerals every year for a wide 
range of products, such as cell phones, TVs, jewelry, and cars. The table on the 
following pages shows some common objects, the materials they are made from, and 
examples of the natural resources.  

http://www.ck12.org/earth-science/Materials-Humans-Use/lesson/Materials-Humans-Use/?referrer=featured_content#x-ck12-dGFibGU6Y29tbW9uX29iamVjdHM.
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Types of Resources 

 

Energy resources can be put into two categories—renewable or non-renewable. Non-
renewable resources are used faster than they can be replaced. Renewable 
resources can be replaced as quickly as they are used. Renewable resources may 
also be so abundant that running out is impossible. The difference between non-
renewable and renewable resources is like the difference between ordinary batteries 
and rechargeable ones. If a flashlight with ordinary batteries goes dead, the batteries 
need to be replaced. But if the flashlight has rechargeable batteries, the batteries can 
be placed in a charger. The charger transfers energy from an outlet into the batteries. 
Once recharged, the batteries can be put back into the flashlight. Rechargeable 
batteries can be used again and again. In this way, the energy in the rechargeable 
batteries is renewable. 

Types of Non-Renewable Resources 

Fossil fuels include coal, oil, and natural gas. Fossil fuels are the greatest energy 
source for modern society. Millions of years ago, plants used energy from the Sun to  
form carbon compounds. These compounds were later transformed into coal, oil, or 
natural gas. Fossil fuels take millions of years to form. For this reason, they are non-
renewable. We will use most fossil fuels up in a matter of decades. Burning fossil fuels 
releases large amounts of pollution. The most important of these may be the 
greenhouse gas, carbon dioxide. 

Types of Renewable Resources 

Renewable energy resources include solar, water, wind, biomass, and geothermal 
power. These resources are usually replaced at the same rate that we use them. 
Scientists know that the Sun will continue to shine for billions of years. So we can use 
the solar energy without it ever running out. Water flows from high places to lower ones. 
Wind blows from areas of high pressure to areas of low pressure. We can use the flow 
of wind and water to generate power. We can count on wind and water to continue to 
flow! Burning wood (Figure below), is an example of biomass energy. Changing grains 
into biofuels is biomass energy. Biomass is renewable because we can plant new trees 
or crops to replace the ones we use. Geothermal energy uses water that was heated by 
hot rocks. There are always more hot rocks available to heat more water. 
 

Wood is a renewable resource, but forest ecosystems need time to replenish. Even 
renewable resources can be used 
unsustainably. We can cut down too many 
trees without replanting. We might need grains 
for food rather than biofuels. Some renewable 
resources are too expensive to be widely used. 
As the technology improves and more people 
use renewable energy, the prices will come 
down. The cost of renewable resources will go 
down relative to fossil fuels as we use fossil 
fuels up. In the long run renewable resources 
will need to make up a large amount of what 
we use. 

http://www.ck12.org/chemistry/Batteries
http://www.ck12.org/chemistry/Batteries
http://www.ck12.org/chemistry/Batteries
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/chemistry/Compounds
http://www.ck12.org/earth-science/Renewable-Energy-Resources
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/earth-science/Geothermal-Power
http://www.ck12.org/earth-science/Geothermal-Power
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/earth-science/Renewable-vs-Non-Renewable-Energy-Resources/lesson/Renewable-vs-Non-Renewable-Energy-Resources-MS-ES/#x-ck12-c2h1dHRlcnN0b2NrXzc5MTI2Mjkx
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/earth-science/Rocks
http://www.ck12.org/physical-science/Heat-in-Physical-Science
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Important Things to Consider About Energy Resources 

 

Before we put effort into increasing the use of an energy source, we should consider 
two things. Is there a practical way to turn the resource into useful form of energy? For 
example, it is not practical if we don't get much more energy from burning a fuel than we 
put into making it. For example, what if it took more energy to make solar panels than 
we could get from the solar panels once they were working? Then solar energy would 
not be worth pursuing until better solar panels were developed. 
What happens when we turn the resource into energy? What happens when we use 
that resource? Mining the resource may cause a lot of health problems or environmental 
damage. Using the resource may create a large amount of pollution. In this case, that 
fuel may also not be the best choice for an energy resource. 
Let’s examine some of these resources in greater detail.  
 

Renewable Resources and Alternative Energy Sources 

A resource is renewable if it is remade by 
natural processes at the same rate that 
humans use it up. Sunlight and wind are 
renewable resources because they will not 
be used up (figure below). The rising and 
falling of ocean tides is another example of 
a resource in unlimited supply. A 
sustainable resource is a resource that is 
used in a way that meets the needs of the 
present without keeping future generations 
from meeting their needs. People can 

sustainably harvest wood, cork, and bamboo. Farmers can also grow crops sustainably 
by not planting the same crop in their soil year after year. Planting the same crop each 
year can remove nutrients from the soil. This means that wood, cork, bamboo, and 
crops can be sustainable resources. 

Alternative Energy Sources 

A nonrenewable resource is one that cannot be replaced as easily as it is consumed. 
Fossil fuels are an example of nonrenewable resources. They take millions of years to 
form naturally, and so they cannot be replaced as fast as they are consumed. To take 
the place of fossil fuel use, alternative energy resources are being developed. These 
alternative energy sources often utilize 
renewable resources. The following are 
examples of sustainable alternative energy 
resources: 

 Solar power, which uses solar cells to turn 
sunlight into electricity (figure below). The 
electricity can be used to power anything 
that uses normal coal-generated electricity.  

These solar panels convert sunlight into electricity 
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 Wind power, which uses windmills to transform wind energy into electricity. It is used 
for less than 1% of the world’s 
energy needs. But wind energy is 
growing fast. Every year, 30% more 
wind energy is used to create 
electricity. 

 Hydropower (figure right), which 
uses the energy of moving water to 
turn turbines (similar to windmills) or 
water wheels, that create electricity. 
This form of energy produces no 
waste or pollution. It is a renewable 
resource.        Hydropower plant. 

 Geothermal power, which uses the natural flow of heat from the Earth’s core to 
produce steam. This steam is used to turn turbines which create electricity. 

 Biomass is the mass of biological organisms. It is usually used to describe the 
amount of organic matter in a trophic level of 
an ecosystem. Biomass production involves 
using organic matter ("biomass") from plants 
to create electricity. Using corn to make 
ethanol fuel is an example of biomass 
generated energy. Biomass is generally 
renewable. 
 

 Tides in the ocean can also turn a turbine to 
create electricity. This energy can then be 
stored until needed (figure right).  

 

Dam of the tidal power plant in the Rance River, Bretagne, France 

Energy from Biomass 

Does this look like energy to you? 

Algae is sometimes mocked as a 
source of fuel. But algae are a 
potentially wonderful source of 
power. They convert energy from 
the Sun into food by photosynthesis. 
Algae can be grown in desert areas 
where other crops cannot grow. 
Nutrients for algae may be wastes 
from other processes. Algae can be 
processed to be made into a liquid. 
There is a lot of research going on 
to harness algae for biofuels. 

 
 
 

http://www.ck12.org/embed/#module=concept&handle=Water-Advanced&branch=biology&nochrome=true&view_mode=embed
http://www.ck12.org/biology/Algae?referrer=crossref
http://www.ck12.org/physics/Energy?referrer=crossref
http://www.ck12.org/earth-science/Sun?referrer=crossref
http://www.ck12.org/biology/Photosynthesis?referrer=crossref
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Biomass 

 
Biomass was defined in previous text as the material that comes from plants and 
animals that were recently living. Biomass can be burned directly. This happens when 
you burn a log in your fireplace. For as long as humans have had fire, people have used 
biomass for heating and cooking.  To generate biomass energy, break down the cell 
walls of plants. This releases the sugars. The sugars are then fermented to create fuel. 

Biofuel 

More recently, people have learned to process biomass to make fuel. This is called 
biofuel. Biofuel is created from crops, such as corn or algae. Biofuel is unique among 
renewable energy sources. This is because it is liquid. Unlike solar energy, for example, 
biofuels can be used in a car (figure right). Biofuels burn more cleanly than fossil fuels. 
They create less pollution and less carbon dioxide. Biofuels, such as ethanol, are added 
to gasoline. This cuts down the amount of 
fossil fuels that are used. 

E85, a fuel that is 85% ethanol, being pumped into a 
vehicle. 

Sources of Biomass Energy 

Any organic material can be made into 
electricity. But some materials are better 
than others. Wastes can be used, like 
almond shells. Biomass power is a great use 
of wastes. It's hard to use wastes as a 
consistent large scale source of energy 
though. 

Find out more at: http://science.kqed.org/quest/audio/how-green-is-biomass-
energy/ . 

Cow manure can have a second life as a source of methane gas, which can be 
converted to electricity. Not only that food scraps can also be converted into green 
energy. 

Find out more at: http://science.kqed.org/quest/video/from-waste-to-watts-biofuel-
bonanza/ . 

 

Consequences of Biomass Use 

Some crops do not make good biofuels. Crops need energy, fertilizer, and land to grow. 
Sometimes the amount of resources that go into producing the crop is too high. The 
crop produces very little energy more than it consumes. Corn is a very inefficient source 
of biofuels. Also, the fertilizers and pesticides used to grow the crops enter the 
environment. They run off the crops and become damaging pollutants in nearby water 
bodies or in the oceans. Scientists are looking for much better sources of biomass 
energy. 
 

 

 

http://www.ck12.org/biology/Algae?referrer=crossref
http://science.kqed.org/quest/audio/how-green-is-biomass-energy/
http://science.kqed.org/quest/audio/how-green-is-biomass-energy/
http://science.kqed.org/quest/video/from-waste-to-watts-biofuel-bonanza/
http://science.kqed.org/quest/video/from-waste-to-watts-biofuel-bonanza/
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Algae Biofuels 

Research is being done into alternative crops for biofuels. A very promising alternative 
is algae. Algae appears to be a better biofuel than corn. Algae is much easier to convert 
to a usable fuel. Growing algae requires much less land and energy than crops. Algae 
can be grown in locations that are not used for other things. For example, they can be 
grown in desert areas where food crops are not often grown. Corn must be grown 
where food crops are grown. This can reduce the land and water available for growing 
food. Algae can be fed agricultural and other waste, so valuable resources are not used. 
Much research is being done to bring these alternative fuels to market. 

Find out more at: http://science.kqed.org/quest/video/algae-power/ . 

KQED: Climate Watch: Unlocking the Grid 

Today we rely on electricity more than ever, but the resources that currently supply our 
power are finite. The race is on to harness more renewable resources, but getting all 
that clean energy from production sites to homes and businesses is proving to be a 
major challenge. Learn more by watching the resource below: 
http://www.kqed.org/quest/television/climate-watch-unlocking-the-grid. 
 

Human Resources Assessment 

Essential Skills: Cause and effect relationships may be used to predict phenomena in 
natural or designed systems. 
 

1. What resources are used to make electricity? (DOK 1) 
2. Compare and contrast renewable and non-renewable resources. (DOK 2) 
3. When could a renewable resources become a non-renewable resource? How 

could this be prevented? (DOK 3) 
 

 

 

 

 

 

 

 

 

 

 

http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://science.kqed.org/quest/video/algae-power/
http://www.kqed.org/quest/television/climate-watch-unlocking-the-grid
http://www.kqed.org/quest/television/climate-watch-unlocking-the-grid


130 
 

7.2 Resource Availability 

By the end of this reading you should be able to... 

MS-ESS3-1:  Construct a scientific explanation based on evidence for how uneven 
distributions of Earth’s mineral, energy, and groundwater resources are the result of 
past and geoscience processes. 

Supply 
 

From the table in the concept "Materials and Humans Use," section you can see that 
many of the resources we depend on are non-renewable. Non-renewable resources 
vary in their availability; some are very abundant and others are rare. Materials, such as 
gravel or sand, are technically non-renewable, but they are so abundant that running 
out is no issue. Some resources are truly limited in quantity: when they are gone, they 
are gone, and something must be found that will replace them. 
 

Non Renewable Resources Formations 

As the easy-to-reach 
fossil fuel sources are 
depleted, alternative 
sources of fossil fuels are 
increasingly being 
exploited (figure left is a 
satellite image of oil-
sands mine in Canada). 
These include oil shale 
and tar sands. Oil shale is 
rock that contains 
dispersed oil that has not 
collected in reservoirs. To 
extract the oil from the 
shale requires enormous 
amounts of hot water. Tar sands are rocky materials mixed with very thick oil. The tar is 
too thick to pump and so tar sands are strip-mined. Hot water and caustic soda are 
used to separate the oil from the rock. The environmental consequences of mining 
these fuels, and of fossil fuel use in general, along with the fact that these fuels do not 
have a limitless supply, are prompting the development of alternative energy sources in 
some regions. 

Coal Power            

What was the foundation of the Industrial Revolution?  The Industrial Revolution was 
the change in society that resulted from people learning to use fossil fuels. By 
harnessing fossil fuels, work could be done more rapidly and more cheaply, allowing 
people to manufacture goods cheaply and efficiently. 

http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physics/Energy
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Coal, a solid fossil fuel formed from the partially decomposed remains of ancient 
forests, is burned primarily to produce electricity. Coal use is undergoing enormous 
growth as the availability of oil and natural gas 
decreases and cost increases. This increase in coal 
use is happening particularly in developing nations, 
such as China, where coal is cheap and plentiful. Coal 
is black or brownish-black. The most common form of 
coal is bituminous, a sedimentary rock that contains 
impurities such as sulfur (figure on previous page). 
Anthracite coal has been metamorphosed and is 
nearly all carbon. For this reason, anthracite coal 
burns more cleanly than bituminous coal. Bituminous 
coal is a sedimentary rock. 

Coal Formation 

Coal forms from dead plants that settled at the bottom of ancient swamps. Lush coal 
swamps were common in the tropics during the Carboniferous period, which took place 
more than 300 million years ago (figure below). The climate was warmer then. This was 
the location of the continents during the Carboniferous period. Notice that quite a lot of 
land area is in the region of the tropics. Mud and other dead plants buried the organic 

material in the swamp, and 
burial kept oxygen away. 
When plants are buried 
without oxygen, the organic 
material can be preserved or 
fossilized. Sand and clay 
settling on top of the 
decaying plants squeezed 
out the water and other 
substances. Millions of years 
later, what remains is a 
carbon-containing rock that 
we know as coal. 

Click here for a map of coal locations. 
http://www.eia.gov/energy_in_brief/article/role_coal_us.cfm  

Coal Use 

Around the world, coal is the largest source of energy for electricity. The United States 
is rich in coal. California once had a number of small coal mines, but the state no longer 
produces coal. To turn coal into electricity, the rock is crushed into powder, which is 
then burned in a furnace that has a boiler. Like other fuels, coal releases its energy as 
heat when it burns. Heat from the burning coal boils the water in the boiler to make 
steam. The steam spins turbines, which turn generators to create electricity. In this way, 
the energy stored in the coal is converted to useful energy like electricity.   

 

 

 

http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Substances
http://www.ck12.org/chemistry/Substances
http://www.eia.gov/energy_in_brief/article/role_coal_us.cfm
http://www.ck12.org/physics/Energy
http://www.ck12.org/physics/Energy
http://www.ck12.org/physical-science/Heat-in-Physical-Science
http://www.ck12.org/physical-science/Heat-in-Physical-Science
http://www.ck12.org/biology/Water-Advanced
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Consequences of Coal Use 

For coal to be used as an energy source, it must first be mined. Coal mining occurs at 
the surface or underground. Mining, especially underground mining, can be dangerous. 
In April 2010, 29 miners were killed at a West Virginia coal mine when gas that had 
accumulated in the mine tunnels exploded and started a fire. 

The coal used in power plants must be mined. One method to mine coal is by 
mountaintop removal.  Coal mining exposes minerals and rocks from underground to air 
and water at the surface. Many of these minerals contain the element sulfur, which 
mixes with air and water to make sulfuric acid, a highly corrosive chemical. If the sulfuric 
acid gets into streams, it can kill fish, plants, and animals that live in or near the water.

 
 

Animation on how coal is formed. 
http://www.classzone.com/books/earth_science/terc/content/visualizations/es070
1/es0701page01.cfm?chapter_no=visualization 
 

What is this unusual sight? 

There's oil beneath this land. These drill rigs are pumping it to the surface. Drill rigs can 
be small and closely spaced. They can be 
large and solitary. This is true, especially 
when they are in deep water offshore. 

Oil 

Oil is a thick, dark brown or black liquid. It 
is found in rock layers of Earth's crust. Oil 
is currently the most commonly used 
source of energy in the world. 

How Oil Forms 

 

The way oil forms is similar, in many ways, to coal. Tiny organisms like plankton and 
algae die and settle to the bottom of the sea. Sediments settle over the organic material. 
Oxygen is kept away by the sediments. When the material is buried deep enough, it is 
exposed to high heat and pressure. Over millions of years, the organic material 
transforms into liquid oil. 
 
 
 
 

http://www.ck12.org/physics/Energy
http://www.ck12.org/earth-science/Minerals
http://www.ck12.org/earth-science/Rocks
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/life-science/Fish-in-Life-Science
http://www.classzone.com/books/earth_science/terc/content/visualizations/es0701/es0701page01.cfm?chapter_no=visualization
http://www.classzone.com/books/earth_science/terc/content/visualizations/es0701/es0701page01.cfm?chapter_no=visualization
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/earth-science/Earths-Crust
http://www.ck12.org/physics/Energy
http://www.ck12.org/biology/Algae
http://www.ck12.org/biology/Algae
http://www.ck12.org/physical-science/Heat-in-Physical-Science
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Mining Oil 
 

The United States produces only about one-quarter as much oil as it uses. The main oil 
producing regions in the U.S. are the Gulf of Mexico, Texas, Alaska, and California. 

Geologists look for oil in folded layers of rock 
called anticlines. Oil moves through permeable 
rock and is trapped by the impermeable cap 
rock. Oil (red) is found in the porous rock layer 
(yellow) and trapped by the impermeable layer 
(brown). The folded structure has allowed the oil 
to pool so a well can be drilled into the 
reservoir. 
 

Types of Oil 

 

Oil comes out of the ground as crude oil. Crude oil is a mixture of many different 
hydrocarbons. Oil is separated into different compounds at an oil refinery. This is done 
by heating the oil. Each hydrocarbon compound in crude oil boils at a different 
temperature. We get gasoline, diesel, and heating oil, plus waxes, plastics, and 
fertilizers from crude oil. 
 

These fuels are rich sources of energy. Since they are mostly liquids they can be easily 
transported. These fuels provide about 90% of the energy used for transportation 
around the world. 

Gasoline 

Gasoline is a concentrated resource. It contains a large amount of energy for its weight. 
This is important because the more something weighs, the more energy is needed to 
move it. If gasoline could only provide a little energy, a car would have to carry a lot of it 
to be able to travel very far. Or the car would need to be filled up frequently. So a highly 
concentrated energy resource is a practical fuel to power cars and other forms of 
transportation. 
 

Let's consider how gasoline powers a car. As gasoline burns, it releases most of its 
energy as heat. It also releases carbon dioxide gas and water vapor. The heat makes 
the gases expand. This forces the pistons inside the engine to move. The engine makes 
enough power to move the car. 

Using Oil 

 
Using gasoline to power automobiles affects the environment. The exhaust fumes from 
burning gasoline cause air pollution. These pollutants include smog and ground-level 
ozone. Air pollution is a big problem for cities where large numbers of people drive 
every day. Burning gasoline also produces carbon dioxide. This is a greenhouse gas 
and is a cause of global warming. Similar pollutants come from other forms of oil. 
 

http://www.ck12.org/chemistry/Hydrocarbons
http://www.ck12.org/chemistry/Hydrocarbons
http://www.ck12.org/chemistry/Compounds
http://www.ck12.org/physics/Temperature
http://www.ck12.org/physics/Temperature
http://www.ck12.org/chemistry/Waxes
http://www.ck12.org/physics/Energy
http://www.ck12.org/chemistry/Liquids
http://www.ck12.org/physics/Energy
http://www.ck12.org/physical-science/Heat-in-Physical-Science
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Gases
http://www.ck12.org/biology/Air-Pollution
http://www.ck12.org/earth-science/Global-Warming
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Natural Gas 
 

Natural gas, often known simply as gas, is composed mostly of the hydrocarbon 
methane. The amount of natural gas being extracted and frequency of use in the United 
States is increasing rapidly. 
 

Natural Gas Formation 

Natural gas forms under the same conditions that create oil. Organic material buried in 
the sediments harden to become a shale formation that is the source of the gas. 
Although natural gas forms at higher temperatures than crude oil, the two are often 
found together. The formation of an oil and gas deposit that can be mined is seen in this 
animation: http://www.nature.nps.gov/GEOLOGY/usgsnps/oilgas/PETSYS_3.MPG . 
 

Click here for a map of natural gas locations. 
http://www.eia.gov/pub/oil_gas/natural_gas/feature_articles/2010/ngpps2009/  

Natural Gas Use 

Like crude oil, natural gas must be processed before it 
can be used as a fuel. Some of the chemicals in 
unprocessed natural gas are poisonous to humans. 
Other chemicals, such as water, make the gas less 
useful as a fuel. Processing natural gas removes 
almost everything except the methane. Once the gas 
is processed, it is ready to be delivered and used. 
Natural gas is delivered to homes for uses such as 

cooking and heating. Like coal and oil, natural gas is also burned to generate heat for 
powering turbines. The spinning turbines turn generators, and the generators create 
electricity. 

Consequences of Natural Gas Use 

Natural gas burns much cleaner than other fossil 
fuels, meaning that it causes less air pollution. 
Natural gas also produces less carbon dioxide 
than other fossil fuels do for the same amount of 
energy, so it’s global warming effects are less 
(figure above is a natural gas drill rig in Texas). 

See the pollution created by a car burning gasoline and a car burning natural gas in this 
animation: http://www.nature.nps.gov/GEOLOGY/usgsnps/oilgas/GASPOL_3.MPG . 

Unfortunately, drilling for natural gas can be environmentally destructive. One technique 
used is hydraulic fracturing, also called fracking, which increases the rate of recovery of 
natural gas. Fluids are pumped through a borehole to create fractures in the reservoir 
rock that contains the natural gas. Material is added to the fluid to prevent the fractures 
from closing. The damage comes primarily from chemicals in the fracturing fluids. 
Chemicals that have been found in the fluids may be carcinogens (cancer-causing), 
radioactive materials, or endocrine disruptors, which interrupt hormones in the bodies of 
humans and animals. The fluids may get into groundwater or may runoff into streams 
and other surface waters. As noted above, fracking may cause earthquakes. 

http://www.nature.nps.gov/GEOLOGY/usgsnps/oilgas/PETSYS_3.MPG
http://www.eia.gov/pub/oil_gas/natural_gas/feature_articles/2010/ngpps2009/
http://www.ck12.org/biology/Air-Pollution
http://www.ck12.org/physics/Energy
http://www.ck12.org/earth-science/Global-Warming
http://www.nature.nps.gov/GEOLOGY/usgsnps/oilgas/GASPOL_3.MPG
http://www.ck12.org/life-science/Cancer-in-Life-Science
http://www.ck12.org/biology/Hormones
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Ore Deposits    

 
How would you find ores? 

 
There are many steps to finding an ore deposit. Find a place with likely geology. Test 
the soil and rock for the ore mineral or others that are often found with the ore mineral. 
Drill to test deeper rock and soil. Then make a map and do the calculations. If the 
deposit is found to be profitable, you can begin mining. 

Using Minerals 

When you use a roll of aluminum foil or some baby powder, you probably don’t think 
about how the products were made. You may not even know that those products are 
from minerals! We use minerals in many everyday items. Minerals have to be located, 
removed from the ground, and refined before they can be made into the products. 

Ore Deposits 

A rock that contains important minerals is called an ore. The concentration of valuable 
minerals in an ore may be high or low. Certain places on Earth are more likely to have 
certain ores. Geologists search for the places that might have ore deposits. For 
example, if you want copper, you need to look at regions with a particular geology. 
Copper is often found where hot fluids came off of a magma intrusion. Aluminum is 
found in intensely weathered soils in tropical areas. Some of the valuable deposits may 
be hidden underground. Some may be at the surface. 
 

To find a mineral deposit, geologists study the geology of a lot of places. They then go 
to a spot where that type of mineral deposit could be found. They test the properties of 
the soil and rocks. They look at the chemistry and the physical properties. They 
determine if a mineral deposit is nearby. 
 

After a mineral deposit is found, geologists determine how big it is. They may drill holes. 
They will test the chemistry of the rock from the holes. Using this information, they will 
outline the deposit on a map. This will allow them to determine the size and the 
concentration of ore minerals. The geologists then calculate the total amount of valuable 
minerals they think are in the deposit. The ore will only be mined if it is profitable. Only if 
it is profitable, is a mineral deposit called an ore 
deposit. 
 
The bauxite (figure right) is a rock that contains minerals that are used to 
make aluminum. Aluminum is made from the minerals in rocks known as 

bauxite. 
 

If a mineral deposit is not profitable to mine it is not an 
ore deposit. If conditions change, a deposit may 
become profitable that wasn't before. Or an ore deposit 
may no longer be profitable to mine. What could occur 
to make these changes? The price of the ore could rise or fall. The price of extracting 
the ore could change. For example, if the ore is hard to get at and the price of fuel goes 
up. This may make the mineral deposit unprofitable to mine. 
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Very extensive web quest.  http://sciencenetlinks.com/lessons/energy-sources-and-use/ 
Previous Questions 

1. Discuss what minerals are and why they are the most important in meeting the 
needs of growing populations.  (DOK 2) 

2. Determine the pros and cons of crude oil. (DOK 2) 
3. Model the mining of ores in order to draw conclusions about the benefits and 

costs of mining. (DOK 3) 
 

Price 

Besides abundance, a resource's value is determined by how easy it is to locate and 
extract. If a resource is difficult to use, it will not be used until the price for that resource 
becomes so great that it is worth paying for. For example, the oceans are filled with an 
abundant supply of water, but desalination is costly, so it is used only where water is 
really limited (figure below). As the cost of desalination plants comes down, more will 

likely be built. Locally here in Oklahoma, currently 
(2016) most companies are no longer fracking. The 
cost of fracking is no longer making a profit for these 
companies with the oil prices being as low as they 
are. 

Tampa Bay, Florida, has one of the few desalination plants in the 
United States. 

Check this site out for more information. 
http://www.fossil.energy.gov/education/energylessons/coal/gen_howformed.html  

Distribution of Water 

Earth’s oceans contain 97% of the 
planet’s water. That leaves just 3% 
as fresh water, water with low 
concentrations of salts (figure 
right). Most fresh water is trapped 
as ice in the vast glaciers and ice 
sheets of Greenland and 
Antarctica. 
 

How the 3% of is freshwater 
divided into different reservoirs? 
How much of that water is useful 
for living creatures? How much for 
people? 
 

A storage location for water such as an ocean, glacier, pond, or even the atmosphere is 
known as a reservoir. A water molecule may pass through a reservoir very quickly or 
may remain for much longer. The amount of time a molecule stays in a reservoir is 
known as its residence time. 
Large portions of the world, such as much of northern Africa, receive very little water 
relative to their population (figure below). The map shows the number of months in 
which there is little rainfall in each region. In developed nations, water is stored, but in 
underdeveloped nations, water storage may be minimal. 

http://sciencenetlinks.com/lessons/energy-sources-and-use/
http://www.ck12.org/biology/Water-Advanced
http://www.fossil.energy.gov/education/energylessons/coal/gen_howformed.html
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Some regions have very little rainfall per month. Over time, as population grows, rainfall 
totals will change, resulting in less water per person in some regions. In 2025, many 
nations, even developed nations, are projected to have less water per person than now 

Water Shortages 

 

Water scarcity is a problem now and will become an even larger problem in the future 
as water sources are reduced or polluted and population grows. In 1995, about 40% of 
the world’s population faced water scarcity. Scientists estimate that by the year 2025, 
nearly half of the world’s people won’t have enough water to meet their daily needs. 
Nearly one-quarter of the world’s people will have less than 500 m3 of water to use in an 
entire year. That amount is less water in a year than some people in the United States 
use in one day. 

Droughts 

 

Droughts occur when a region experiences unusually low 
precipitation for months or years. Periods of drought may 
create or worsen water shortages. 
Human activities can contribute to the frequency and duration 
of droughts. For example, deforestation keeps trees from 
returning water to the atmosphere by transpiration; part of the 
water cycle becomes broken. Because it is difficult to predict 
when droughts will happen, it is difficult for countries to predict 
how serious water shortages will be each year. 

Effect of Changing Climate 

 

Climate change will change patterns of rainfall and water distribution. As the Earth 
warms, regions that currently receive an adequate supply of rain may shift. Regions that 
rely on snowmelt may find that there is less snow and the melt comes earlier and faster 
in the spring, causing the water to run off and not be available through the dry summers. 
A change in temperature and precipitation would completely change the types of plants 
and animals that can live successfully in that region. 
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Water Scarcity 

 
Water scarcity can have dire consequences for the people, the economy, and the 
environment. Without adequate water, crops and livestock dwindle and people go 
hungry. Industry, construction, and economic development is halted, causing a nation to 
sink further into poverty. The risk of regional conflicts over scarce water resources rises. 
People die from diseases, thirst, or even in war over scarce resources. 
 

California's population is growing by hundreds of thousands of people a year, but much 
of the state receives as much annual rainfall as Morocco. With fish populations 
crashing, global warming, and the demands of the country's largest agricultural industry, 
the pressures on their water supply are increasing. 
 

Find out more at http://science.kqed.org/quest/video/state-of-thirst-californias-
water-future/ . 

Conflicts over Water 

 
As water supplies become scarce, conflicts will arise between the individuals or nations 
that have enough clean water and those that do not. Some of today’s greatest tensions 
are happening in places where water is scarce. Water disputes may add to tensions 
between countries where differing national interests and withdrawal rights have been in 
conflict. Just as with energy resources today, wars may erupt over water. 

 

Many regions already experience water scarcity. This map shows the number of months 
in which the amount of water that is used exceeds the availability of water that can be 
used sustainably. This is projected to get worse as demand increases. 
 
Water disputes are happening along 260 different river systems that cross national 
boundaries. Some of these disputes are potentially very serious. International water 
laws, such as the Helsinki Rules, help interpret water rights among countries. 
 

 

 

https://www.ck12.org/life-science/Fish-in-Life-Science?referrer=crossref
https://www.ck12.org/earth-science/Global-Warming?referrer=crossref
http://science.kqed.org/quest/video/state-of-thirst-californias-water-future/
http://science.kqed.org/quest/video/state-of-thirst-californias-water-future/
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Explore More 

Use this resource to answer the questions that follow. 

http://safeshare.tv/v/W-TPG72FSgI 

1. How much of Earth's surface is covered with water? What is most of this water 
in? 

2. What percent of Earth's water is salty? How much is fresh water? 
3. Of all of the fresh water, what percentage is ice, what is shallow groundwater, 

what is deep groundwater, what is in lakes and rivers and what is in the 
atmosphere as water vapor? 

4. How much of Earth's freshwater is available for human consumption? 

Groundwater Aquifers 

Does groundwater move as an 
underground river?  People often 
think of groundwater as an 
underground river, but that is rarely 
true. In Florida, though, water has 
so thoroughly dissolved the 
limestone that streams travel 
underground and aboveground. This 
photo shows where a large spring 
brings groundwater to the surface as 
if from nowhere. 
 

 

Features of an Aquifer 

 
To be a good aquifer, the rock in the aquifer must 
have good: 

 porosity : small spaces between grains 
 permeability : connections between pores 

This animation shows porosity and permeability. 
The water droplets are found in the pores 
between the sediment grains, which is porosity. 
When the water can travel between ores, that’s 
permeability. 

http://www.nature.nps.gov/GEOLOGY/usgsnps/animate/POROS_3.MPG 
 

 

 

 

http://safeshare.tv/v/W-TPG72FSgI
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.nature.nps.gov/GEOLOGY/usgsnps/animate/POROS_3.MPG
http://www.nature.nps.gov/GEOLOGY/usgsnps/animate/POROS_3.MPG
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To reach an aquifer, surface water infiltrates downward into the ground through tiny 
spaces or pores in the rock. The water travels down through the permeable rock until it 
reaches a layer that does not have pores; this rock is impermeable. This impermeable 
rock layer forms the base of the aquifer. The upper surface where the groundwater 
reaches is the water table.   Groundwater is found beneath the solid surface. Notice that 
the water table roughly mirrors the slope of the land’s surface. A well penetrates the 
water table. 
 

The Water Table 

For a groundwater aquifer to contain the same amount of water, the amount of recharge 
must equal the amount of discharge. What are the likely sources of recharge? What are 

the likely sources of discharge? 

What happens to the water table 
when there is a lot of rainfall? What 
happens when there is a drought? 
Although groundwater levels do 
not rise and fall as rapidly as at the 
surface, over time the water table 
will rise during wet periods and fall 
during droughts. 

 

In wet regions, streams are fed by groundwater; the surface of the stream is the top of 
the water table (figure pervious page). In dry regions, water seeps down from the 
stream into the aquifer. These streams are often dry much of the year. Water leaves a 
groundwater reservoir in streams or springs. People take water from aquifers, too. 

Springs 

Groundwater meets the surface in a 
stream or a spring (figure right) 

 -A spring in Croatia bubbles to the surface and 

feeds the river Cetina).  

A spring may be constant, or may only 
flow at certain times of year. Towns in 
many locations depend on water from 
springs. Springs can be an extremely 
important source of water in locations 
where surface water is scarce. 
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Wells 

A well is created by digging or drilling to 
reach groundwater. It is important for 
anyone who intends to dig a well to know 
how deep beneath the surface the water 
table is. When the water table is close to 
the surface, wells are a convenient method 
for extracting water. When the water table 
is far below the surface, specialized 
equipment must be used to dig a well. 
Most wells use motorized pumps to bring 
water to the surface, but some still require 
people to use a bucket to draw water up 
(figure right).An old-fashioned well that 
uses a bucket drawn up by hand. 

 

Explore More 

Use this resource to answer the questions that follow. 

http://safeshare.tv/v/ss578fa55750358 

 

1. How and where does water get into the aquifer? 
2. What happens in the recharge zone? 
3. What is the artesian zone? 
4. What does hydrologic pressure do? 
5. Where are the wells located and why? 
6. What is a confined aquifer? 
7. What is the saline water zone? 
8. What happens when pollution leaks from a single area? 
9. Explain the two types of pollutants. 
10. What can cause each type of pollution? 
11. How can the pollution of aquifers be prevented? 

 

Resource Availability Assessment 

Essential Skills: Cause and effect relationships may be used to predict phenomena in 
natural or designed systems. 

1. Pick one of the resources discussed and explain how and why its distribution is uneven. 
(DOK 1) 

2. Use the same resources as in number 1, what problems do or could arise because this 
resource is distributed unevenly? (DOK 2) 

3. Create a solution to solve the existing problems or predicted problems from number 2. 
(DOK 3) 

 

 

 

http://safeshare.tv/v/ss578fa55750358
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7.3 Resources and Population Growth 

 

This reading supports... 

MS-ESS3-4:  Construct an argument supported by evidence for how increases in 
human populations and per-capita consumption of natural resources impact Earth’s 
Systems.

 

       

Population growth, especially in developing countries, should make people think about 
how fast they are consuming resources. Governments around the world should 
seriously consider these issues. Developing nations will also increase demands on 
natural resources as they build more factories (figure above). Improvements in 
technology, conservation of resources, and controls in population growth could all help 
to decrease the demand on natural resources. 

 

Growth of Human Populations 
 
What will stop population growth? 

It took all of human history until 1802 for the 
human population to reach its first billion. The 
population was estimated to reach 7 billion in 
2012, but it did so in 2011, just 12 years after 
reaching 6 billion. 
 

The amount of time between the addition of each one billion people to the planet’s 
population, including speculation about the future. Although the growth rate is predicted 
to slow later this century, there's no end to population growth in sight. Yet, the 
population can't continue to grow forever. How will it stop? 
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Human Population Numbers 

 
Human population growth over 
the past 10,000 years has been 
tremendous (figure below). The 
entire human population was 
estimated to be 

 5 million in 8000 B.C. 
 300 million in A.D. 1 
 1 billion in 1802 
 3 billion in 1961 
 7 billion in 2011 

 

As the human population continues to grow, different factors limit population in different 
parts of the world. What might be a limiting factor for human population in a particular 
location? Space, clean air, clean water, and food to feed everyone are limiting in some 
locations. 

The Rate of Growth 

 
Not only has the population increased, but the rate of population growth has increased 
(figure below).  Although population continues to grow rapidly, the rate that the growth 

rate is increasing has declined. 
Still, a recent estimate by the 
United Nations estimates that 10.1 
billion people will be sharing this 
planet by the end of the century. 
The total added will be about 3 
billion people, which is more than 
were even in existence as recently 
as 1960.  The amount of time 
between the addition of each one 
billion people to the planet’s 
population, including speculation 
about the future. 
 

National Geographic video on 7 billion - http://safeshare.tv/v/ss578fa7c805395  

 
 
 
 
 
 
 
 
 

http://safeshare.tv/v/ss578fa7c805395
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What Causes Human Populations to Grow? 
 

Let's look at this graph again. 
Human population increased 
dramatically at certain times. 
The graph begins 10,000 BC, 
although you can't really see 
the line. Population starts to 
rise perceptibly at around 
1800 BC. The numbers begin 
to rise dramatically about 200 
years ago. What causes 
these changes? 
 

Agricultural Revolution 

 
Farming was developed about 10,000 years ago. Farming meant a steady supply of 
food. People could settle in villages. The rise at around 1800 BC is due to increased 
farming and the rise of cities and towns. The population rises steadily until around 1800 
AD. At that time it shoots up dramatically. Really dramatically. What happened? 
 

Industrial Revolution 

 
The Industrial Revolution is what happened. The 
Industrial Revolution began in the late 1700s in 
Europe, North America, and a few other places. 
Before the Industrial Revolution, most labor was 
done by people. This major historical event 
marks when products were first mass-produced 
and when fossil fuels were first widely used for 
power. This allowed more work to be done and 
more food to be grown. Early in the Industrial 
Revolution, large numbers of people who had 
been freed from food production were available 

to work in factories. Where the Industrial Revolution was taking place, the human 
population started to grow really fast. The birth rate was always high. What changed 
was the death rate. The population grew because more people stayed alive. The death 
rate fell for several reasons: 

1. New farm machines were invented. They increased the amount of food that could 
be produced. With more food, people were healthier and could live longer. 

2. Steam engines and railroads were built. These machines could quickly carry food 
long distances. This made food shortages less likely. 

3. Sanitation was improved. Sewers were dug to carry away human wastes (figure 
next page). This helped reduce the spread of disease. 
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Digging a London sewer (1840s). Before 1800, human wastes were 
thrown into the streets of cities such as London. In the early 1800s, 
sewers were dug to carry away the wastes. 
 

With better food and less chance of disease, the death 
rate fell. More children lived long enough to reach 
adulthood and have children of their own. As the death 
rate fell, the birth rate stayed high for a while. This 
caused rapid population growth. 

The Green Revolution 
 

The most recent increase in the slope of the population line is because of another 
advance in agriculture. The Green Revolution began in the mid-1900s. The Green 
Revolution has allowed billions of people to be added to the population in the past few 
decades. New methods and products increased how much food could be grown. These 
advances include: 

 Improving crops by selecting for certain genetic traits. The desired traits 
promote productivity. Recently, genetically engineered crops have been 
introduced. 

 Increasing the use of artificial fertilizers and chemical pesticides. About 23 
times more fertilizer and 50 times more pesticides are used around the world 
than were used just 50 years ago. 

 Increasing the use of agricultural machinery: plowing, tilling, fertilizing, 
picking, and transporting. These machines are powered by fossil fuels, 
rather than humans. About 17% of the energy used each year in the United 
States is for agriculture. 

 Increasing access to water. Many rivers have been dammed. Many farming 
regions depend on groundwater, which is not a renewable resource. Some 
regions will eventually run out of this water source. Currently about 70% of 
the world’s fresh water is used for agriculture. 

 
The Green Revolution has increased the 
productivity of farms immensely. A century 
ago, a single farmer produced enough food 
for 2.5 people, but now a farmer can feed 
more than 130 people. The Green 
Revolution is credited for feeding 1 billion 
people that would not otherwise have been 
able to live. Rows of a single crop and 
heavy machinery are normal sights for 
modern day farms. The Green Revolution 
has increased the productivity of farms 

immensely. A century ago, a single farmer produced enough food for 2.5 people, but 
now a farmer can feed more than 130 people. The Green Revolution is credited for 
feeding 1 billion people that would not otherwise have been able to live. 

https://www.ck12.org/physics/Energy
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The Health Revolution 

 

Health care has been improving over the most 
recent centuries. Vaccines were developed 
that could prevent many diseases (figure right). 
Antibiotics were discovered that could cure 
most infections caused by bacteria. Together, 
these two advances saved countless lives. 
This child (figure right) is getting a polio 
vaccine. She will never get sick with polio, 
which could save her life or keep her from 
becoming crippled. 
 

 

The question is, even though we have 
increased the carrying capacity of the planet, 
have we now exceeded it? Are humans on 
Earth experiencing overpopulation? 
 

There is not yet an answer to that question, 
but there are many different opinions. In the 
eighteenth century, Thomas Malthus 
predicted that human population would 
continue to grow until we had exhausted our 
resources. At that point, humans would 
become victims of famine, disease, or war. 
This has not happened, at least not yet.  

 
Some scientists think that the carrying capacity of the planet is about 1 billion people, 
not the 7 billion people we have today. The limiting factors have changed as our 
intelligence has allowed us to expand our population. Can we continue to do this 
indefinitely into the future? 

 
With ample food, better 
health, and easier work, 
people live longer. Children 
are much more likely to 
reach adulthood and have 
their own children. In many 
countries, death rates have 
gone down dramatically, but 
birth rates remain high. This 
means that the population is 
growing. This graph displays 
the growth rates of human 
populations all over the 
world. 
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Overpopulation and Overconsumption 

 

Is it good to make the desert 

bloom? 

Many sunny, arid regions are good 
for growing crops as long as water 
can be added. Some of the increase 
in productivity is due to farming in 
regions that are technically too dry. 
Groundwater can be used to make 

the desert bloom, but at what cost? And for how long? Eventually the wells will run dry. 

Groundwater Overuse 

Some aquifers are overused; 
people pump out more water 
than is replaced. As the water is 
pumped out, the water table 
slowly falls, requiring wells to be 
dug deeper, which takes more 
money and energy. Wells may 
go completely dry if they are not 
deep enough to reach into the 
lowered water table. 
 

Intense drought has reduced 
groundwater levels in the 
southern U.S., particularly in 
Texas and New Mexico. 
Other problems may stem from 
groundwater overuse. 
Subsidence and saltwater 
intrusion are two of them. 

Ogallala Aquifer 

The Ogallala Aquifer supplies 
about one-third of the irrigation 
water in the United States. The 
Ogallala Aquifer is widely used 
by people for municipal and 
agricultural needs. The aquifer 
is found from 30 to 100 meters 
deep over an area of about 440,000 square kilometers! The Ogallala Aquifer is found 
beneath eight states and is heavily used. 
 

The water in the aquifer is mostly from the last ice age. About eight times more water is 
taken from the Ogallala Aquifer each year than is replenished. Much of the water is 
used for irrigation. 

https://www.ck12.org/physics/Energy
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Subsidence 

 
Lowering the water table may cause the ground surface to 
sink. Subsidence may occur beneath houses and other 
structures.  In the figure to the left, the ground was 
originally level with the sign shown at the top of this utility 
pole!  Subsidence has caused the ground to sink to the 
level where the man is now standing - dozens of feet lower. 
 

The San Joaquin Valley of California is one of the world’s major agricultural 
areas. So much groundwater has been pumped that the land has subsided 
many tens of feet. 
 

Salt Water Intrusion 
 

When coastal aquifers are overused, salt water from the 
ocean may enter the aquifer, contaminating the aquifer and 

making it less useful for drinking and irrigation. Salt water incursion is a problem in 
developed coastal regions, such as on Hawaii. 
 
Over-Consumption 
 

The addition of more people has not just resulted in more poor people. A large 
percentage of people expect much more than to have their basic needs met. For about 
one-quarter of people there is an abundance of food, plenty of water, and a secure 
home. Comfortable temperatures are made possible by heating and cooling systems, 
rapid transportation is available by motor vehicles or a well-developed public 
transportation system, instant communication takes place by phones and email, and 
many other luxuries are available that were not even dreamed of only a few decades 
ago. All of these require resources in order to be produced, and fossil fuels in order to 
be powered (figure below). Their production, use, and disposal all produce wastes. 

 

 

 
 
 

http://dictionary.reference.com/browse/subsidence?s=t
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Many people refer to the abundance of luxury items in these people’s lives as over-
consumption. People in developed nations use 32 times more resources than people in 
the developing countries of the world.  Since CO2 is a waste product from fossil fuel 
burning, CO2 emissions tell which countries are using the most fossil fuels, which means 
that the population has a high standard of living. 
 

Resources and Population Growth Assessment: 
Essential Skills: Cause and effect relationships may be used to predict phenomena in 
natural or designed systems. 
 

1. Describe Human population growth.  (DOK 2) 
2. What do people need to do to help reduce the demands that are being made on 

our natural resources? (DOK 3) 
3. Design a poster detailing a solution to the lack of resources and human 

population growth. (DOK 3) 
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7.4 Sustaining and Remediating Resources 

By the end of this reading, you should be able to..: 

MS-ESS3-4:  Construct an argument supported by evidence for how increases in 
human populations and per-capita consumption of natural resources impact Earth’s 
Systems. 

Sustainable Development  

 

Visibility in Beijing is sometimes so bad that the airport must be closed due to smog. In 
their rush to develop, 
many nations are 
making the same 
mistakes that the 
developed nations 
have already made. 
Can everyone find a 
more sustainable 
path? 

 

Can society change and get on a sustainable 
path? 

 
A topic generating a great deal of discussion 
these days is sustainable development. The 
goals of sustainable development are to: 

 help people out of poverty. 
 protect the environment. 
 use resources no faster than the rate at 

which they are regenerated. 
 

One of the most important steps to achieving a more sustainable future is to reduce 
human population growth. This has been happening in recent years. Studies have 
shown that the birth rate decreases as women become educated, because educated 
women tend to have fewer, and healthier, children. 
 

Science can also be an important part of sustainable development. When scientists 
understand how Earth’s natural systems work, they can recognize how people are 
impacting them. Scientists can work to develop technologies that can be used to solve 
problems wisely. An example of a practice that can aid sustainable development is fish 
farming, as long as it is done in environmentally sound ways. Engineers can develop 
cleaner energy sources to reduce pollution and greenhouse gas emissions. 
 

Citizens can change their behavior to reduce the impact they have on the planet by 
demanding products that are produced sustainably. When forests are logged, new trees 
should be planted. Mining should be done so that the landscape is not destroyed. 
People can consume less and think more about the impacts of what they do consume. 
 

https://www.ck12.org/life-science/Fish-in-Life-Science
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Conserving Natural Resources 

How can we protect Earth’s natural resources? 
One answer is conservation. This means saving 
resources. We need to save resources so some 
will be left for the future. We also need to protect 
resources from pollution and overuse. 

When we conserve resources, we also cut down 
on the trash we produce. Americans throw out 
340 million tons of trash each year. We throw out 
2.5 million plastic bottles alone—every hour! 

Most of what we throw out ends up in 
landfills (figure below). In a landfill, all 
those plastic bottles take hundreds of 
years to break down. What are the 
problems caused by producing so much 
trash? Natural resources must be used to 
produce the materials. Land must be 
given over to dump the materials. If the 
materials are toxic, they may cause 
pollution. A bulldozer crushes a mountain of trash. 

The Three “R”s 

You probably already know about the three “R”s. They stand for reduce, reuse, and 
recycle. The third “R”—recycle—has caught on in a big way. That’s because it’s easy. 
There are thousands of places to drop off items such as aluminum cans for recycling. 
Many cities allow you to just put your recycling in a special can and put it at the curb. 

We haven’t done as well with the first two “R”s—reducing and reusing. But they aren’t 
always as easy as recycling. Recycling is better than making things from brand new 
materials. But it still takes some resources to turn recycled items into new ones. It takes 
no resources at all to reuse items or not buy them in the first place. 

Reduce 

Reducing resource use means just what it says—using fewer resources. There are lots 
of ways to reduce our use of resources. 

 Buy durable goods. Choose items that are well made so they will last longer. You’ll 
buy fewer items in the long run, so you’ll save money as well as resources. That's a 
win-win! 

 Repair rather than replace. Fix your bike rather than buying a new one. Sew on a 
button instead of buying a new shirt. You’ll use fewer resources and save money. 

 Buy only what you need. Don’t buy a gallon of milk if you can only drink half of it 
before it spoils. Instead, buy a half gallon and drink all of it. You won’t be wasting 
resources (or money!). 

http://www.ck12.org/embed/#module=concept&handle=Reduce-Reuse-and-Recycle-in-Life-Science&referrer=crossref&branch=life-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Reduce-Reuse-and-Recycle-in-Life-Science&referrer=crossref&branch=life-science&nochrome=true&view_mode=embed
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 Buy local. For example, buy local produce at a 
farmer’s market, like the one pictured below 
(Broken Arrow’s Farmer Market). A lot of 
resources are saved by not shipping goods 
long distances. Products bought at farmer's 
markets use less packaging, too! 

 About a third of what we throw out is 
packaging. Try to buy items with the least 
amount of packaging. For example, buy bulk 
items instead of those that are individually 
wrapped. Also, try to select items with 
packaging that can be reused or recycled. This is called precycling. Pop cans and 
plastic water bottles, for example, are fairly easy to recycle. Some types of 
packaging are harder to recycle (Figure right). If it can’t be reused or recycled, it’s a 
waste of resources. 

 Many plastics: The recycling symbol on the bottom of 
plastic containers shows the type of plastic they 
contain. Numbers 1 and 2 are easier to recycle 
than higher numbers. 

 Mixed materials: Packaging that contains more than 
one material may be hard to recycle. These 
cartons are made mostly of cardboard. But they 
have plastic around the opening. 

Reuse 

Reusing resources means 
using items again instead of throwing them away. A reused 
item can be used in the same way by someone else. Or it 
can be used in a new way. For example, Shana has a pair 
of jeans she has outgrown. She might give them to her 
younger sister to wear. Or she might use them to make 
something different for herself, say, a denim shoulder bag. 

Some other ideas for reusing resources.  Do you reuse products, like these? 
Can you think of other ways to reuse resources? 

Recycle 

Many things can be recycled. The 
materials in them can be reused in 
new products. For example, plastic 
water bottles can be recycled. The 
recycled material can be made into 

t-shirts! Old phone books can also be recycled and made into 
textbooks. When you shop for new products, look for those that 
are made of recycled materials. Even food scraps and lawn 
waste can be recycled. They can be composted and turned into humus for the garden. 

 

 

http://www.ck12.org/embed/#x-ck12-TVMtRVMtMjAtMDYtaGFyZC10by1yZWN5Y2xlLXBhY2thZ2luZw..
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At most recycling centers, you can drop off metal cans, cardboard and paper products, 
glass containers, and plastic bottles. Recycling stations, like the one pictured below are 

common. Curbside recycling usually takes these 
items too. Do you know how to recycle in your 
community? Contact your local solid waste 
authority to find out. If you don’t already recycle, 
start today. It's a big way you can help the planet! 

Are there recycling stations like this one where 
you live? 

 

 

Explore More 

Use the resource below to answer the questions that follow. 

Conserving Energy at Home at http://www.energyhog.org/childrens.htm 

Play the game to answer these questions. 

1. What are energy hogs? 
2. List 3 ways to save energy in the living room. 
3. List 3 ways you can conserve energy in the kitchen. 
4. List 2 ways to save water in the bathroom. 
5. List 2 ways to conserve energy in the bedroom. 
6. How can energy be conserved in the attic? 

Waste 

The topic of overconsumption was touched on in 
the previous section. Many people in developed 
countries, such as the United States and most of 
Europe, use many more natural resources than 
people in many other countries. We have many 
luxury and recreational items, and it is often 
cheaper for us to throw something away than to 
fix it or just hang on to it for a while longer. This 
consumerism leads to greater resource use, but it 
also leads to more waste. Pollution from 
discarded materials degrades the land, air, and 
waste. 

Natural resource use is generally lower in developing countries because people cannot 
afford many products. Some of these nations export natural resources to the developed 
world since their deposits may be richer and the cost of labor lower. Environmental 
regulations are often more lax, further lowering the cost of resource extraction. 

 

 

 

 

http://www.ck12.org/embed/#module=concept&handle=Energy&referrer=crossref&branch=physics&nochrome=true&view_mode=embed
http://www.energyhog.org/childrens.htm
http://www.ck12.org/embed/#module=concept&handle=Energy&referrer=crossref&branch=physics&nochrome=true&view_mode=embed
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Turning Trash into Treasure 

Scientists at the Massachusetts of Technology (MIT) are turning trash into coal, which 
can readily be used to heat homes and cook food in developing countries. This coal 
burns cleaner than that from fossil fuels. It also save a tremendous amount of energy.  

See more at http://safeshare.tv/v/GzhFgEYiVyY for more information. 

Explore more 

Use the resource below to answer the questions that follow. 
Where Does E-Waste End Up? at  http://safeshare.tv/v/0JZey9GJQP0  (7:43) 

1. What is e-waste? 
2. Why are they melting computer circuit boards? 
3. Why are the workers doing this work? 
4. What metals are they extracting from these computers? 
5. What do CRTs contain? 
6. What do computer batteries contain? 
7. How can these chemicals harm people? Which people are most at risk and why? 
8. Why do computers from North America and Europe end up in India for recycling? 

Which factors go into this difference in costs? 
9. How often do you replace your computer or cell phone? 

We have discussed waste from products, but what about water? Is there a way to 
protect one of most precious natural resources? 

Water Treatment 

The goal of water treatment is to make water 
suitable for such uses as drinking, medicine, 
agriculture, and industrial processes.  People 
living in developed countries suffer from few 
waterborne diseases and illness, because they 
have extensive water treatment systems to collect, 
treat, and redeliver clean water. Many 
underdeveloped nations have few or no water 
treatment facilities. 
 

Wastewater contains hundreds of contaminants, such as suspended solids, oxygen-
demanding materials, dissolved inorganic compounds, and harmful bacteria. In a 
wastewater treatment plant, multiple processes must be used to produce usable water: 

 Sewage treatment removes contaminants, such as solids and particles, from 
sewage. 

 Water purification produces drinking water by removing bacteria, algae, viruses, 
fungi, unpleasant elements such as iron and sulfur, and man-made chemical 
pollutants. 

http://safeshare.tv/v/GzhFgEYiVyY
http://www.youtube.com/watch?v=0JZey9GJQP0
http://safeshare.tv/v/0JZey9GJQP0
https://www.ck12.org/chemistry/Solids
https://www.ck12.org/chemistry/Compounds
https://www.ck12.org/life-science/Harmful-Bacteria-in-Life-Science
https://www.ck12.org/chemistry/Solids
https://www.ck12.org/biology/Viruses
https://www.ck12.org/biology/Fungi
https://www.ck12.org/biology/Fungi
https://www.ck12.org/chemistry/Elements
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The treatment method used depends on the kind of wastewater 
being treated and the desired end result. Wastewater is treated 
using a series of steps, each of which produces water with fewer 
contaminants. 

Cleaning Up Groundwater 
Would you drink this water?  This water is obviously dirty, but some 
of the worst contaminants that can be in water are invisible. Those 
contaminants, especially when they are in groundwater, are 
extremely difficult to remove. 
 
Preventing groundwater contamination is much easier and cheaper 
than cleaning it. To clean groundwater, the water, as well as the rock and soil through 
which it travels, must be cleansed. Thoroughly cleaning an aquifer would require 
cleansing each pore within the soil or rock unit. For this reason, cleaning polluted 
groundwater is very costly, takes years, and is sometimes not technically feasible. If the 
toxic materials can be removed from the aquifer, disposing of them is another 
challenge. 
 

Stages of Groundwater Cleaning 

Elimination of the Pollution Source 

If the source is an underground tank, the tank will be pumped 
dry and then dug out from the ground. If the source is a 
factory that is releasing toxic chemicals that are ending up in 
the groundwater, the factory may be required to stop the 
discharge. 

Monitoring the Extent of the Pollutant 

Hydrologists must determine how far, in what direction, and 
how rapidly the plume is moving. They must determine the 
concentration of the contaminant to determine how much it is 
being diluted. The scientists will use existing wells and may 
drill test wells to check for concentrations and monitor the 
movement of the plume. 
 
Test wells are drilled to monitor groundwater pollution. 

Modeling the Contaminant Plume 

Using the well data, the hydrologist uses a computer program with information on the 
permeability of the aquifer and the direction and rate of groundwater flow, then models 
the plume to predict the dispersal of the contaminant through the aquifer. Drilling test 
wells to monitor pollution is expensive. 

Remediation 

First, an underground barrier is constructed to isolate the contaminated groundwater 
from the rest of the aquifer. Next, the contaminated groundwater may be treated in 
place. 
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Bioremediation is relatively inexpensive. Bioengineered microorganisms are injected 
into the contaminant plume and allowed to consume the pollutant. Air may be pumped 
into the polluted region to encourage the growth and reproduction of the microbes. With 
chemical remediation, a chemical is pumped into the aquifer so the contaminant is 
destroyed. Acids or bases can neutralize contaminants or cause pollutants to precipitate 
from the water. 
 

The most difficult and expensive option is for reclamation teams to pump the water to 
the surface, cleanse it using chemical or biological methods, then re-inject it into the 
aquifer. The contaminated portions of the aquifer must be dug up and the pollutant 
destroyed by incinerating or chemically processing the soil, which is then returned to the 
ground. This technique is often prohibitively expensive and is done only in extreme 
cases. 

 

Sustainability Assessment 

Essential Skills: Cause and effect relationships may be used to predict phenomena in 
natural or designed systems. 
 

1. Describe the steps to cleaning up groundwater contamination. (DOK 2) 
2. Create a 3D model of a sustainable community addressing 3 key 

components.(DOK 3) 
a. reduce 
b. reuse 
c. recycle 

3.  Construct an argument supported by evidence for how increases in 
human   populations and consumption of natural resources impact Earth’s 
Systems.  (DOK 3) 
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7.5 Natural Resources and Synthetic Material 

 

By the end of this reading, you should be able to... 

MS-PS1-3: Gather and make sense of information to describe that synthetic materials 
come from natural resources and impact society. 

Stronger than Steel 

These law enforcement officers are suiting up 
for work. They will be protected by something 
that has saved the lives of thousands of law 
enforcement officers. It’s not a weapon or some 
high-tech gadget. Can you guess what it is? 

 

 

 

Amazing But True! 

 It’s Kevlar®, a synthetic fiber that is 
used to make bulletproof vests. How 
can a fiber be strong enough to deflect 
bullets? Believe or not, Kevlar® is five times stronger than steel! 

 The strength and other properties of Kevlar® make it useful for many purposes. 
In fact, it has been called the most important synthetic organic fiber ever 
developed. 

 Bulletproof vests protects against high impact forces such as gunshots  
 The work of a skilled and dedicated chemist led to the discovery of Kevlar®. 

Learn how Kevlar® was discovered and other ways it is used by watching the 
following video: http://www.nbclearn.com/chemistrynow/cuecard/55326.  

 The discovery of this important fiber is a good example of the wide scope of 
physical science.  

Explore More 

Read more about Kevlar® and its inventor at the link below. Then answer the questions 
that follow. 

 http://inventors.about.com/library/inventors/blkevlar.htm 
1. Who discovered Kevlar®? When and how was it discovered? 
2. Why is Kevlar® so strong? 
3. Besides great strength, what are some other properties of Kevlar®? 
4. What are some uses of Kevlar®, in addition to bulletproof vests? 

 

 

 

http://www.nbclearn.com/chemistrynow/cuecard/55326
http://inventors.about.com/library/inventors/blkevlar.htm
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Whose Best Friend Are They? 

 

“Diamonds Are a Girl’s Best Friend” is a 
song from the 1949 Broadway musical 
Gentlemen Prefer Blondes. We can be 
sure that the song meant real 
diamonds. But, these days, who can tell 
real diamonds from fake ones? 
 

Why It Matters 

 

Synthetic moissanite is a common 
alternative to diamonds. A good 
diamond gemstone is eye-catching; 
it sparkles! But diamonds are 
remarkable for other reasons. They 
are the hardest known natural 
material, chemically stable and have 
high thermal conductivity. Diamonds 
are desired and so they are 

expensive. Good diamonds are found in only a few locations. Just in the past decade 
have scientists been able to create diamonds that are impossible to tell from the real 
thing. The diamond companies responded to the threat of inexpensive synthetic 
diamonds by creating a machine that can tell the difference. 

Explore More 

With the link below, learn more about synthetic diamonds. Then answer the following 
questions. 

 NBC Learn, Synthetic Diamonds: 
http://nbclearn.com/portal/site/learn/cuecard/62949 

1. Why are diamonds valued for industrial purposes? 
2. Why do diamonds have such amazing properties? 
3. What processes lead to the presence of natural diamonds at Earth’s surface? 

(How do they form? How do they get to where they can be found?) 
4. How are the best modern synthetic diamonds made? 
5. Are synthetic diamonds minerals? Why or why not? 
6. Should synthetic diamonds be sold as gemstones? 

 

 

 

 

 

 

 

http://nbclearn.com/portal/site/learn/cuecard/62949
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The Incredible Shrinking Polymer 
 

You probably don’t recognize the white material 

in the photo above because it’s been magnified 

with a microscope. Can you guess what it is? 

News You Can Use 

 It’s a plastic named polystyrene. Like other 
plastics, polystyrene is a hydrocarbon made 
from petroleum. 

 You may know polystyrene as “number 6 
plastic” (for the number 6 inside its recycling 
symbol). It’s used to make containers, like 
these: 

 Polystyrene is an extremely useful material, 
but not just for containers. Polystyrene has 
an interesting property that makes it a fun 
craft material. It’s the basis of popular craft 
kits, such as Shrinky Dinks®. 

 You can use a Shrinky Dink kit to make small 
plastic creations from thin sheets of 
polystyrene. 

 You can craft your own homemade Shrinky Dinks® by recycling number 6 plastic 
containers. To see how, watch this video: http://safeshare.tv/v/L_BC94oBeWQ   

Can You Apply It? 

Learn more about polystyrene and Shrinky Dinks® at the links below. Then answer the 
following questions. 
 http://simple.wikipedia.org/wiki/Polystyrene 
 http://en.wikipedia.org/wiki/Shrinky_Dinks 
 http://www.popsci.com/science/article/2012-11/science-behind-4-greatest-polymer-

inventions-all-time 
 http://www2.technologyreview.com/TR35/Profile.aspx?Cand=T&TRID=764 

1. What are polymers? 
2. Describe the polymer polystyrene. 
3. Shrinky Dink® creations start out as a thin sheet of polystyrene. Describe the 

arrangement of polymer molecules in a sheet of polystyrene. Why are the 
molecules arranged this way? 

4. Explain what happens to polystyrene molecules when a sheet of polystyrene is 
heated. How does this affect the polystyrene sheet? 

5. How have scientists used the shrinking property of polystyrene sheets in 
nanotechnology? 

 

Natural Resources and Synthetic Assessment 

Essential Skills: Cause and effect relationships may be used to predict phenomena in 
natural or designed systems. 

1. Research one of the above synthetic materials. Detail the positive and negative 
impacts on the environment by producing and consuming this product. (DOK 3) 

 

http://safeshare.tv/v/L_BC94oBeWQ
http://simple.wikipedia.org/wiki/Polystyrene
http://en.wikipedia.org/wiki/Shrinky_Dinks
http://www.popsci.com/science/article/2012-11/science-behind-4-greatest-polymer-inventions-all-time
http://www.popsci.com/science/article/2012-11/science-behind-4-greatest-polymer-inventions-all-time
http://www2.technologyreview.com/TR35/Profile.aspx?Cand=T&TRID=764
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8.1 Motion and Force 

“This reading supports…” 
MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s 
motion depends on the sum of the forces on the object and the mass of the object. 
 

The Real Spiderman  

 
This young man is demonstrating the extreme sport of freerunning. Amazing, but true! 

 

Free runners combine strength, balance, and a lot of nerve to gymnastically bound over 
whatever obstacles are in their path. They land hard against walls and jump long 
distances to the ground. How do they do it without breaking bones or at least feeling a 
lot of pain? Physics has the answers. Before exploring the physics of free running, 
watch the amazing feats of a professional free runner in the following video. Pay special 
attention to how he lands on the ground and against walls.  
 

At the link below, explore the physics of free running. Then answer the questions that 
follow: http://www.popsci.com/entertainment-amp-gaming/article/2009-05/physics-
free-running?dom=PSC&loc=recent&lnk=8&con=the-physics-of-free-running 

1. Free runners jump long distances and land on the ground or a wall. How do they 
apply Newton’s second law to lessen the force of impact? 

2. How can free runners extend the time of impact when they land on the ground after 
jumping a long distance? 

3. Why do free runners avoid landing on their heels? 
 

Motion 

The wings of this hummingbird are moving so 
fast that they’re just a blur of motion. You can 
probably think of many other examples of things 
in motion. If you can’t, just look around you. It’s 
likely that you’ll see something moving, and if 
nothing else, your eyes will be moving. You 
know from experience what motion is. No doubt 
it seems like a fairly simple concept. However, 
when you read this article, you’ll find out that it’s 
not quite as simple as it seems. 

http://www.popsci.com/entertainment-amp-gaming/article/2009-05/physics-free-running?dom=PSC&loc=recent&lnk=8&con=the-physics-of-free-running
http://www.popsci.com/entertainment-amp-gaming/article/2009-05/physics-free-running?dom=PSC&loc=recent&lnk=8&con=the-physics-of-free-running
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Defining Motion 

In science, motion is defined as a change in position. An object’s position is its location. 
Besides the wings of the hummingbird in the opening image, you can see other 
examples of motion in the figure below. In each case, the position of something is 
changing. 

Q: In each of these 
pictures, what is moving 
and how is its position 
changing? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Frame of Reference 

There’s more to motion than 
objects simply changing 
position. You’ll see why 
when you consider the 
following example. Assume 
that the school bus pictured 
in the figure to the left 
passes by you as you stand 
on the sidewalk. It’s obvious 
to you that the bus is 
moving, but what about to 
the children inside the bus? 
The bus isn’t moving relative 
to them, and if they look at 
the other children sitting on 
the bus, they won’t appear 

to be moving either. If the ride is really smooth, the children may only be able to tell that 
the bus is moving by looking out the window and seeing you and the trees whizzing by. 

This example shows that how we perceive motion depends on our frame of reference. 
Frame of reference refers to something that is not moving with respect to an observer 
that can be used to detect motion. For the children on the bus, if they use other children 

http://dictionary.reference.com/browse/motion?s=t
http://dictionary.reference.com/browse/frame%20of%20reference?s=t
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riding the bus as their frame of reference, they do not appear to be moving. But if they 
use objects outside the bus as their frame of reference, they can tell they are moving. 

Q: What is your frame of reference if you are standing on the sidewalk and see the bus 
go by? How can you tell that the bus is moving? 

 

Do the frame of reference activity at the following URL. Watch the introduction and then 
do the nine trials. Repeat any trial you answer incorrectly until you get the correct 
answer. 

http://www.amnh.org/learn/pd/physical_science/week2/frame_reference.html 

 

Motion and Force 

Forces cause all motions. Every time the motion of an 
object changes, it’s because a force has been applied to it. 
Force can cause a stationary object to start moving or a 
moving object to change its speed or direction or both. A 
change in the speed or direction of an object is called 
acceleration. Look at Colton in the figure to the side. He’s 
getting his scooter started by pushing off with his foot. The 
force he applies to the ground with his foot starts the 
scooter moving in the opposite direction. The harder he 
pushes against the ground, the faster the scooter will go. 

Force 

Force is defined as a push or pull acting on an object. There 
are several fundamental forces in the universe, including the 
force of gravity, electromagnetic force, and weak and strong 
nuclear forces. However, when it comes to the motion of 
everyday objects, the forces of interest include mainly 
gravity, friction, and applied force. Applied force is force that 
a person or thing applies to an object. 

Q: What forces act on Carson’s scooter? 

  

 

 

 

 

 

 

 

http://www.amnh.org/learn/pd/physical_science/week2/frame_reference.html
http://dictionary.reference.com/browse/force?s=t
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Opposing Forces 

It’s boys against girls in this friendly tug 
of war. The two teams are pulling the 
rope in opposite directions. Which team 
do you think will win? It depends on 
which side pulls on the rope with the 
greatest force. As this example shows, 
more than one force may act on an 
object at the same time. Would it 
surprise you to learn that at least two 
different forces are acting on you as you 
read this article? Can you guess what 
they are?   

 

Pulling Down and Pushing Up 

 
One force acting on you—and all the other 
objects on Earth—is gravity. Look at the physics 
book in the figure to the right. Gravity pulls the 
book downward with a force of 20 Newtons. Why 
doesn’t the book fall to the ground? The table 
pushes upward on the book with the same 
amount of force. The combined force, or net 
force, acting on the book is 0 Newtons. That’s 
because upward and downward forces are 
balanced, so they cancel out.  

Forces Acting in Opposite Directions 
 

In general, whenever forces act on 
an object in opposite directions—like 
the book on the table—the net force 
is equal to the difference between the 
two forces. In other words, one force 
is subtracted from the other to 
calculate the net force. If the 
opposing forces are equal, or 
balanced, the net force is zero, as it 
is for the book. That’s why the book 
doesn’t fall to the ground but instead 
remains resting on the table. However, if the opposing forces are unbalanced, the net 
force is greater than zero, although it will be less than either of the individual forces. In 
this case, the object will move in the same direction as the net force.  Look at the dogs 
playing tug-of-war in the figure to the left. The dogs are pulling the rope in opposite 
directions, but one dog is pulling with more force than the other. The net force acting on 
the rope is 2 Newtons to the right, so the rope will move to the right. 
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Q: The boys in the figure to the right 
are about to kick the soccer ball in 
opposite directions. What will be the 
net force on the ball? In which direction 
will the ball move? 

 

 

 

 

Forces Acting in the Same Direction 

If two forces act on an object in the 
same direction, the net force is 
equal to the sum of the two forces. 
This always results in a stronger 
force than either of the individual 
forces alone. In the figure to the 
left , after the man on the left picks 
up the couch, he will push the 
couch to the right with a force of 
25 Newtons, and the man on the 
right will pull the couch to the right 
with a force of 20 Newtons. The 
net force on the couch is 45 
Newtons to the right, so that’s the 
way the couch will move. 

Click on the link below to learn more about net force. 
http://www.mansfieldct.org/schools/mms/staff/hand/lawsunbalancedforce.htm 

Forces Assessment  

Essential Skill: (1) Patterns can be used to identify cause and effect relationships.     

(2) Graphs, charts, and images can be used to identify patterns in data.  

(3) Explanations of stability and change in natural or designed systems can be 
constructed by examining the changes over time and forces at different scales. 

1. What is force? (DOK 1) 
2. What did you notice about point of reference patterns? (DOK 2) 
3. Draw and label a model to explain how net force is related to the movement of an 

item. Include 4 different forces and describe the final net force. (DOK 3) 

 

 

 

http://www.ck12.org/physical-science/Pressure-and-Force-in-Physical-Science/lesson/Combining-Forces/#x-ck12-TVNfUFMtS2ljaw..
http://www.ck12.org/physical-science/Pressure-and-Force-in-Physical-Science/lesson/Combining-Forces/#x-ck12-TVNfUFMtS2ljaw..
http://www.ck12.org/physical-science/Pressure-and-Force-in-Physical-Science/lesson/Combining-Forces/#x-ck12-TVNfUFMtUGlhbm8.
http://www.mansfieldct.org/schools/mms/staff/hand/lawsunbalancedforce.htm
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8.2 Newton’s First Law 
“This reading supports…” 
MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s 
motion depends on the sum of the forces on the object and the mass of the object. 

Inertia 

At Newton’s Skate Park, Lauren is pushing 
her twin cousins, Jonathan and Cody, on 
her skateboard. She has to push hard to 
get the skateboard started, but once it 
begins moving, it takes much less effort to 
keep it rolling over the smooth, flat 
pavement. In fact, if Lauren tries to stop the 
rolling skateboard, it may take as much 
effort to stop it as it did to start it rolling in 
the first place. 

Q: Why is it harder to start and stop the skateboard than it is to keep it rolling? 

 

What Is Inertia? 

Inertia is the tendency of an object to resist a change in its state of motion. All objects 
have inertia, whether they are stationary or moving. Inertia explains Newton’s First 
Law of motion (and this law is often called the Law of Inertia) which states that an 
object at rest will remain at rest and an object in motion will stay in motion unless it is 
acted on by an unbalanced force.  In the absence of any force, an object will continue to 
move at the same constant speed and in a straight line. If the object is at rest, in the 
absence of any force, it will remain at rest. Newton’s First Law states that an object with 
no force acting on it moves with constant velocity. (The constant velocity could, of 
course, be 0 m/s.) You can see an animation of inertia at this 
URL:  http://www.physicsclassroom.com/mmedia/newtlaws/cci.cfm 

 

Q: You probably don’t realize it, but you experience inertia all the 
time, and you don’t have to ride a skateboard. For example, think 
about what happens when you are riding in a car that stops 
suddenly. Your body moves forward on the seat and pushes 
against the seat belt. Why does this happen? 

 

 

 

 

 

 

http://dictionary.reference.com/browse/inertia?s=t
http://www.ck12.org/embed/#module=concept&handle=Speed-in-Physical-Science&branch=physical-science&nochrome=true&view_mode=embed
http://www.ck12.org/embed/#module=concept&handle=Velocity&branch=physics&nochrome=true&view_mode=embed
http://www.physicsclassroom.com/mmedia/newtlaws/cci.cfm
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Overcoming Inertia 

To change the motion of an object, inertia must be overcome by an unbalanced force 
acting on the object. The unbalanced 
force that starts Lauren’s cousins 
rolling along on the skateboard is 
applied by Lauren when she gives it a 
push. Once an object starts moving, 
inertia keeps it moving without any 
additional force being applied. In fact, it 
won’t stop moving unless another 
unbalanced force opposes its motion. 
For example, Lauren can stop the 
rolling skateboard by moving to the 
other end and pushing in the opposite 
direction. 

Q: What if Lauren didn’t stop the skateboard in this way? If it remained on a smooth, flat 
surface, would it just keep rolling forever? 

 

Q: What other force is acting on the skateboard? 

 

Later that day, Jonathan rode his skateboard and did some jumps. You can see him in 
the picture below. When he’s in the air, there is no rolling friction between his wheels 

and the ground, but another unbalanced 
force is acting on the skateboard and 
changing its motion. 

Q: What force is acting on the 
skateboard when it is in the air above the 
ground? And how will this force change 
the skateboard’s motion? 

 

At the following URL, read about inertia 
and watch the truck-and-ladder 
animation. Then answer the questions 
below. 

http://www.physicsclassroom.com/mmedia/newtlaws/il.cfm 

1. Why does the ladder slide forward off the truck when the truck crashes into the 
car? How could this be prevented? 

2. Assume that the truck driver in the animation puts on the brakes just as the 
truck enters the picture, but the truck still crashes into the car. Explain how 
inertia is involved. 

3. What force affects the acceleration of the ladder after it leaves the truck? 

 

http://www.physicsclassroom.com/mmedia/newtlaws/il.cfm
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Review 

1. What is inertia? 
2. How does inertia affect the motion of an object? 
3. Jonathan and Cody’s older brother Josh, who is pictured beside, is standing at 

the top of a half-pipe at Newton’s Skate Park. Gravity is exerting a downward 
force on the skateboard, as seen in the picture. Why doesn’t it tip over the 
edge and start rolling down the side of the half-pipe? 

Use the videos below to answer questions about Newton’s First Law of Motion: 
http://safeshare.tv/v/ss578fbc1c0b287  

1. What is a Hero’s Engine? 
2. How does Newton’s First Law of Motion have to do with the Hero’s Engine? 

Newton’s First Law Assessment  

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales. 

1. Restate Newton’s First Law. (DOK 1) 
2. How is inertia related to force? (DOK 3) 
3. What is easier pushing a wagon full or bricks or stopping that same wagon from 

rolling down a hill? State your evidence. (DOK 3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ck12.org/embed/#x-ck12-TVNfUFMtU2thdGVib2FyZGVyUmFtcA..
http://safeshare.tv/v/ss578fbc1c0b287
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8.3 Newton’s Second Law  

By the end of this reading you should be able to... 

MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s 
motion depends on the sum of the forces on the object and the mass of the object. 

Field Goal Physics 

He aims, he kicks, he scores a field goal! He may 
not know it, but he’s also applying an important law 
of physics: Newton’s second law of motion. 

The Back Story 

Newton’s second law states that the acceleration of 
an object equals the net force acting on the object 
divided by the object’s mass. An object accelerates 
whenever it undergoes a change in velocity, that is, 
a change in the speed or direction of motion. Watch 
this video to see how Newton’s second law applies 
to kicking field goals in football: 
http://www.nbclearn.com/nfl/cuecard/50974  
 

Learn more about Newton’s second law and kicking a football at the link below. Then 
answer the questions that follow. 
http://physicsinfootball.weebly.com/dynamicskinetics.html 
1. In kicking a field goal in football, how is force applied to the ball? How much force 

is applied to the ball by an NFL kicker? 
2. What is an impulse? How is it calculated? 
3. How does a larger impulse affect the football when it is kicked? 
4. Footballs used in the American NFL and the Canadian CFL differ in mass. What is 

the mass of each football? How does the mass of a football affect its motion when 
it is kicked? 

5. What is inertia? How does the mass of an object such 
as a football relate to its inertia? 

6. How is the acceleration of an object calculated if you 
know its mass and the amount of force that is applied 
to it? 

7. If a net force of 300 N is applied to both an NFL 
football and a CFL football, what is the acceleration of 
each ball? 

 

These boys are racing around the track at Newton’s Skate 
Park. The boy who can increase his speed the most will win 
the race. Tony, who is closest to the camera in this picture, 
is bigger and stronger than the other two boys, so he can 
apply greater force to his skates. 

Q: Does this mean that Tony will win the race? 

 

http://www.nbclearn.com/nfl/cuecard/50974
http://physicsinfootball.weebly.com/dynamicskinetics.html
http://www.ck12.org/physical-science/Speed-in-Physical-Science
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Force, Mass, and Acceleration 
 
Whenever an object speeds up, slows down, or 
changes direction, it accelerates. Acceleration occurs 
whenever an unbalanced force acts on an object. Two 
factors affect the acceleration of an object: the net 
force acting on the object and the object’s mass. 
Newton’s second law of motion describes how force 
and mass affect acceleration. The law states that the 
acceleration of an object equals the net force acting on 
the object divided by the object’s mass. This can be represented by the equation: 

or  

Q: While Tony races along on his rollerblades, what net force is acting on the skates? 

Direct and Inverse Relationships 

Newton’s second law shows that there is a direct relationship between force and 
acceleration. The greater the force that is applied to an object of a given mass, the more 
the object will accelerate. For example, doubling the force on the object doubles its 
acceleration. 

The relationship between mass and acceleration is different. It is an inverse 
relationship. In an inverse relationship, when one variable increases, the other variable 
decreases. The greater the mass of an object, the less it will accelerate when a given 
force is applied. For example, doubling the mass of an object results in only half as 
much acceleration for the same amount of force. 

 

Q: Tony has greater mass than the other two boys he is racing. How will this affect his 
acceleration around the track? 

 

According to Newton’s Second Law, a new force on an object causes it to accelerate. 
However, the larger the mass, the smaller the acceleration. We say that a more 
massive object has a greater inertia. 

The units for force are defined by the equation for Newton’s Second Law. Suppose we 
wish to express the force that will give a 1.00 kg object an acceleration of 1.00 m/s 2. 

 

This unit is defined as 1.00 Newton or 1.00 N. 
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You can explore the how force, mass, and acceleration are related by doing the activity 
at this URL: 

http://www.harcourtschool.com/activity/newton/ 

Create a rule based on your observations in the previous activity. 

 What happens to acceleration under a constant force if mass is increased? 
 What happens to acceleration under a constant mass if force is increased? 

Use the videos below to answer the question about Newton’s Second Law of Motion: 

https://www.youtube.com/watch?v=iwP4heWDhvw 

Why does the yellow ball go further? 

Discussion Points 

 

1. After a rocket ship going from the Earth to the moon leaves the gravitational 
pull of the Earth, it can shut off its engine and the ship will continue on to the 
moon due to the gravitational pull of the moon.  True or False?  Explain. 

2. If a spaceship traveling at 1000 miles per hour enters an area free of 
gravitational forces, its engine must run at some minimum level in order to 
maintain the ship’s velocity.  True or False?  Explain. 

c. Suppose a spaceship traveling at 1000 miles per hour enters an area free of 
gravitational forces and free of air resistance. If the pilot wishes to slow the 
ship down, he can accomplish that by shutting off the engine for a while.  True 
or False?  Explain. 

 

Newton’s Second Law Assessment 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales. 

1. Restate Newton’s Second Law. (DOK 1) 
2. What are the units of force measured in? (DOK 1) 
3. Explain how mass is related to force and acceleration. (DOK 3) 
4. Draw and label a diagram of 2 objects with different masses being launched by 

the same force. Include the force that the objects were launched at, the mass of 
each object, and the acceleration of each object. Make sure you included the 
correct units of measure. (DOK 3) 

 
 
 
 
 
 
 
 
 
 

http://www.harcourtschool.com/activity/newton/
https://www.youtube.com/watch?v=iwP4heWDhvw
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8.4 Newton’s Third Law  

 

MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the 
motion of two colliding objects.  

Newton's Third Law  

This is a sketch of Jerod on his skateboard. He’s on his way to Newton’s Skate Park. 
When he pushes his foot against the ground, what happens next? He moves on his 
skateboard in the opposite direction. How does this happen? 

Action and Reaction 

Newton’s Third Law of Motion explains how Jerod starts his skateboard moving. This 
law states that every action has an equal and opposite reaction. This means that forces 
always act in pairs. First an action occurs—Jerod pushes against the ground with his 
foot. Then a reaction occurs—Jerod moves forward on his skateboard. The reaction is 
always equal in strength to the action but in the opposite direction. 

Q: If Jerod pushes against the ground with greater force, how will this affect his forward 
motion? 

 

Equal and Opposite Forces 

 
The forces involved in actions and reactions can 
be represented with arrows. The way an arrow 
points shows the direction of the force, and the 
size of the arrow represents the strength of the 
force. Look at the skateboarders at the right. In the 
top row, the arrows represent the forces with 
which the skateboarders push against each other. 
This is the action. In the bottom row, the arrows 
represent the forces with which the skateboarders 
move apart. This is the reaction. Compare the top 
and bottom arrows. They point in different 
directions, but they are the same size. This shows 
that the reaction forces are equal and opposite to 
the action forces. 
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Equal and Opposite but Not Balanced 

 

Because action and reaction forces are equal and opposite, you might think they would 
cancel out, as balanced forces do, but you would be wrong. Balanced forces are equal 
and opposite forces that act on the same object. That’s why they cancel out. Action-
reaction forces are equal and opposite forces that act on different objects, so they don’t 
cancel out. In fact, they often result in motion. Think about Jerod again. He applies force 
with his foot to the ground, whereas the ground applies force to Jerod and the 
skateboard, causing them to move forward. 

Q: Actions and reactions occur all the time. Can you think of an example in your daily 
life? 

 

You can watch a video about actions and reactions at this URL: 

http://www.nasa.gov/mov/192449main_019_law_of_action.mov  

Explore More 

Watch this video about Newton’s third law of motion, and then answer the questions 
below. 

http://www.youtube.com/watch?v=cP0Bb3WXJ_k 

1. Outline the action and reaction demonstrated by the astronauts in the video. 
Why does wearing the battery pack affect the motion of the astronaut named 
Alexander? 

2. Describe an example of Newton’s cradle. 
3. How do space vehicles apply action and reaction forces to blast off? 

 

 

Newton’s Third Law Assessment 

Essential Skill: Explanations of stability and change in natural or designed systems can 
be constructed by examining the changes over time and forces at different scales. 

1. State Newton’s third law of motion. (DOK 1) 
2. Describe an example of an action and reaction. Identify the forces and their 

directions. (DOK 2) 
3. Explain why action and reaction forces are not balanced forces. (DOK 3) 

 

http://www.nasa.gov/mov/192449main_019_law_of_action.mov
http://www.youtube.com/watch?v=cP0Bb3WXJ_k

