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Chapter 7  Earth’s Natural Resources

Think About It 
Suppose that your community was located on a small island 
in the middle of the ocean. 

• Would you find mineral resources on the island? 

• Is it possible to find a single place on Earth that has 
no resources? 

Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group 
and the class.

Investigate
Part A: Mineral Deposits in the United States

 1. State and federal governments compile maps of the locations 
of mineral deposits. The deposits are usually designated by 
the mineral commodity name. For example, chalcopyrite 
is an important copper mineral; the mineral commodity is 
copper. Examine the map of the United States that shows 
the distribution of several mineral resource commodities. 

Section 6  Earth’s Mineral Resources 

Learning Outcomes
In this section, you will

• Identify the mineral resources 
and commodities of the United 
States. 

• Understand how different 
minerals are formed and which 
minerals are best suited for 
particular tasks. 

• Construct a model of a mineral 
deposit and map the relative 
positions of the deposits. 

• Understand how geologists 
explore for mineral resources 
by conducting a survey to 
locate ore deposits in another 
group’s model. 

• Use your survey results to drill 
for the ore. 

• Understand the necessity and 
benefits of exploratory surveys 
in locating minerals.

What Do You See?
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a) What mineral commodities are 
shown on the map? 

b) What minerals would you look for
to find those commodities? 

c) What trends do you see in the 
distribution of the resources? 
Discuss the possible reasons for 
this distribution. 

Part B: Creating a Model of a 
Mineral Deposit 

 1. Draw a grid of 1-cm squares on one 
side of a 2-L (half-gallon) paper orange 
juice or milk carton. On graph paper 
draw the same number of squares in 
the same configuration. Do the same 
for the bottom of the carton. Label 
the drawings and the carton with 
corresponding letters. Also draw a 
graph of the top of the carton (what 
will be the exposed sand surface). 
Label the drawing. 

a) Write your group’s name on the 
graph paper and on the carton. 

 2. Use scissors to remove one side of the 
carton. Place the carton so that the 
open side is up, as shown. 

 3. Next, fill the carton to within 2 cm
of the top using dampened sand to 
represent sediment and black sand 
(magnetite) or iron filings to represent 
ore bodies. You will need to distribute 
the “ore” throughout the sand in 
lines (called veins or ore shoots), in 
concentrated layers, or in pods. Do 
not bury the filings too deeply, and 
make sure that the deposits you 
produce are large enough to deflect
a compass needle. 

Section 6  Earth’s Mineral Resources 
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a) As you fill the carton, sketch 
(“map”) the position of the “ore” 
onto the graph paper representations 
of the side, the bottom, and the top 
of the carton. 

 4. When your model is complete, give 
it to your teacher. Do not let other 
groups see your model or your sketches, 
because later each group will try to find 
the ore in another group’s model. Keep 
your map for later use.

Part C: Exploring a Model of a 
Mineral Deposit 

 1. Obtain another group’s model to 
explore. You will have a limited amount 
of money (an imaginary $100,000) with 
which to conduct your exploration. 
You will use a magnetic compass to 
survey the model. The buried magnetite 
or iron filings will cause the compass 
needle to be deflected from north. Each 
measurement made with the compass 
will cost you $500. 

 2. First, run your compass quickly over 
the model to see the maximum amount 
of deflection. This will help you scale 
your measurements. Design symbols 
to represent no needle deflection, 
maximum needle deflection, and 
one or two magnitudes in between. 
Then plan where you intend to make 
your measurements. 

a) Draft a legend to explain the symbols 
you used. 

b) Using a sheet of graph paper, make a 
map showing all the locations on the 
model where you will measure the 
deflection of the compass needle.

 3. Now it is time to complete the 
magnetic survey. Pick one person to 
operate the compass, one to record the 
measurements for each location in a 
data table, and a third person to plot 
the data on your map. 

a) Measure at each location marked 
on your map. On the map and in 
the data table, write the symbol for 
the strength of the measurement 
based on the movement of the 
compass needle. 

b) After a few measurements, you may 
decide to alter your plan or make 
more or fewer measurements. Record 
any changes you make in your survey 
plan, along with the reasons for 
the changes. 

c) When you are satisfied that you have 
as many measurements as you want 
(or can afford), draw a cross section 
of what you think your mineral 
deposit looks like. 

 4. To confirm your hypothesis of the 
location of the deposit, select sites to 
“drill” holes with a plastic straw. Each 
drill hole will cost your group $30,000. 

a) Mark the locations of your planned 
holes on your map. Be sure to total 
your survey account, because you 
cannot drill more holes than your 
company can pay for. 

 5. Mark the locations of the drill holes 
on the surface of the sand with “survey 
flags” (toothpicks and masking tape). 
Carefully push a straw all the way 
down into a location marked by a 
survey flag. (It may be necessary to 
dampen the sand again if enough time 
has passed for the model to dry out. 
The sand should stick together as a 
column inside the straw.) 
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 6. Carefully pull out the straw and inspect 
your core through the clear plastic, or 
insert a wooden dowel and push the 
core out onto scrap paper for viewing. 

a) Estimate the percent recovery of the 
“rocks” in the drill core. 

b) Create a vertical description (called 
a log) of each hole by recording the 
type of material at regular intervals 
(for example, every centimeter). 
Supplement your descriptions with 
sketches of the cores.

 7. Complete “drilling” at all locations. 

a) When all the holes have been drilled 
and logged, draw a cross section of 
the ore deposit. On a sheet of graph 
paper plot the drill holes and the 
drilling results. Connect the plotted 
points to show where the ore is 
located based on your observations. 

b) Record how much money your group 
spent on your project, and return the 
models to your teacher for use in the 
next section. 

 8. Report your exploration venture to the 
class, and discuss the various groups’ 
outcomes and experiences. Obtain a 
copy of the cross section produced by 
the group that explored your model. 
However, do not yet reveal the original 
sketch (map) of your model to the 
other group.

a) In your Geo log summarize your 
class discussions.

Dispose of the straws after use or mark them 
as lab equipment. Wash your hands after you 
have completed the activity.

Section 6  Earth’s Mineral Resources 
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MINERAL RESOURCES ON EARTH
Mineral Resources in the Ocean
Almost all of Earth’s mineral resources are on the continents. The water 
of the oceans contains huge amounts of chemical elements. However, 
for the most part, the concentrations are extremely small. For most of 
these chemical elements, the cost of extraction makes it impractical to 
use them as mineral resources. Gold is a good example. Its concentration 
in ocean water is only 0.011 µg (millionths of a gram) per liter. That adds 
up to more than 10 billion total kilograms of gold in the oceans. It is far 
greater than the known reserves of gold in continental ore deposits. The 
technology used to extract gold from seawater is difficult and expensive. 
It is not at all economical.

Great areas of the deep ocean floor are 
covered with dark-colored, rounded masses. 
Many of these areas are found in the 
Pacific Ocean. The masses are called iron–
manganese nodules. (See Figure 2.) They 
range in size from golf balls to large fists. 
They consist of very fine-grained minerals 
of iron and manganese, with many other 
chemical elements in smaller concentrations. 
Techniques for mining them from the ocean 
floor have been developed. However, there 
are two problems. The sediment stirred up 
and suspended in the water during mining 
would have a harmful effect on the deep 
ocean environment. Also, the open oceans 
do not belong to any one country. They 
belong to humankind as a whole.

 Figure 2 Iron–manganese nodules form slowly on the ocean floor.

Digging Deeper

Geo Words
ore: a rock that 
contains valuable 
minerals.

Figure 1 Due to the low 
concentration of most chemicals 
in ocean water, it is not 
practical to “mine” minerals 
from the waters of the ocean.
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Mineral Resources of the Continents
Earth’s continents are geologically old. The oldest continental bedrock 
is 4 billion years old. This is only half a billion years younger than Earth 
itself. Also, large areas of Earth have bedrock that is older than a billion 
years. However, the geologic processes that form the bedrock record 
work on short geologic time scales. This means that there has been 
plenty of time for the geologic record of the continents to become very 
varied. Look at the geologic map of the United States shown in Figure 3.
It shows a jumble of irregularly shaped areas. The areas are colored in 
with a variety of colors and patterns. These are rocks of different types 
and different ages. You can see that a large part of the United States has 
complex geology. 

 Figure 3 Geologic map of the continental United States.

Only a tiny fraction of the rocks of a continent are ores. Most rocks do 
not contain economically valuable minerals. These include rocks such as 
sandstone, shale, limestone, granite, basalt, schist, and gneiss. However, 
many are used as building stones. Also, limestone is used in making 
cement and glass. Ores are formed only in very specific conditions. 
Metal mining operations in the United States take up much less than 
0.1 percent of the total land area.

Look at the geologic map of the United States in Figure 3. Notice that 
large areas have only one or a few colors. These represent sedimentary 
rocks. In these areas, a blanket of sedimentary rocks covers the rocks 
deeper in Earth’s crust. The rocks are layered nearly horizontally. In most 
places, these sedimentary rocks have never been buried very deeply.
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They have not been subjected to ore-forming processes. In contrast, most 
areas of the western United States and some areas of the eastern United 
States show a complex pattern of rock types. These areas are called orogenic 
belts. The word “orogenic” means “mountain-building.” These are areas 
where collisions between Earth’s lithospheric plates have resulted in a great 
uplift of the land surface. Mountains have been formed. In many places, 
these mountains have been worn down from their original heights. In some 
of those areas, igneous activity has led to deposition of various ores.

One of the most important processes that forms ore is called 
hydrothermal activity. Magmas contain many valuable chemical elements. 
These elements are in very small amounts. They become concentrated in 
water-rich “juices.” These juices are left over after most of the magma has 
crystallized to form ordinary igneous rocks. These elements tend not to 
be included in the main minerals that crystallize from the magma. These 
juices work their way upward toward the surface. As they move upward, 
they cool. This causes a great variety of unusual minerals to crystallize. 
Many deposits are valuable ores. One example of this is a hydrothermal 
deposit. (See Figure 4.) Much of the copper, zinc, tin, lead, mercury, gold, 
silver, platinum, and so on, come from hydrothermal ore deposits.

  Figure 4 The backhoe removes silver ore from a hydrothermal deposit in an 
underground mine.

Ores of iron and aluminum are the two most-used metals. Almost all iron 
ore comes from special sedimentary rocks. These rocks are very rich in iron 
minerals. These minerals were deposited in the oceans far back in geologic 
time. In the United States, these rocks are mined for iron ore. The mining 
takes place in northern Minnesota and northern Michigan. Aluminum ore 
consists of aluminum oxides. These are formed when rocks that contain 
aluminum are weathered at Earth’s surface in warm and humid climates. 
Aluminum ore is also called bauxite. Some bauxite is mined in the United 
States. However, most comes from other countries.

Geo Words
orogenic belt: a 
region that has been 
subjected to folding 
and deformation 
during the process 
of formation of 
mountains (orogeny). 

hydrothermal activity: 
pertaining to hot 
water, the action 
of hot water, or 
to the products of 
this action, such as 
a mineral deposit 
precipitated from a 
hot aqueous solution.
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Mineral Resources Around the World
Some countries are richer in mineral deposits than others. Countries 
that have large areas of very old continental rocks are especially rich 
in mineral resources. Canada, Russia, Congo, South Africa, Brazil, and 
Australia are some examples.

The United States has lots of energy reserves. (These include coal, oil, and 
natural gas.) However, it is not as rich in most mineral deposits as other 
large countries. The United States has abundant iron, copper, and tin 
deposits. Yet almost all of the aluminum must be imported. This is also 
the case for ores of several special metals that are important in making 
steel. These include nickel, cobalt, and chromium. The United States 
government stockpiles important metals. This is done in case supplies 
from other countries become reduced or cut off in the future.

Finding Minerals
Looking for mineral resources relies on many factors. Observation, 
data, and analysis is crucial. A good understanding of the geosciences is 
important. Experience is also valuable. However, there is still quite a lot of 
uncertainty. Minerals may not be in the places prospectors expect them 
to be. Also, even if a mineral deposit is found, problems can arise. There is 
no guarantee that it is concentrated. It may not be profitable to extract a 
mineral deposit if it is not highly concentrated. 

Exploration is very expensive. Drilling is the most expensive way to explore. 
However, it is the only sure way to confirm the type and amount of 
minerals present. In mineral exploration, drill holes are often at least 300 m 
deep. They may cost $150 per meter. In oil exploration, a single drill hole 
may cost millions of dollars. Geologists try to avoid spending money on 
“dry holes.” They use other ways to find out more about what is below the 
surface. This helps them to eliminate areas with low exploration potential. 

Mapping
Geologists map the surface by examining 
rock types in the field. They know that 
all mineral deposits are associated with 
specific kinds of rocks. Therefore, they can 
look for those specific rocks as “guides to 
ore.” They do this before any other kind of 
work. Then they look for folds, faults, and 
fractures in the rocks. They also look for any 
unusual colors and rock formations that do 
not seem consistent with the surroundings. 
They also may take rock samples to analyze 
in the laboratory. Then they record all the 
information on a map. Geologic maps, 
such as the one shown in Figure 5, help 
geologists infer what lies below the surface. 

Figure 5 Geologic map of 
Southern Colorado.
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Geochemistry
There is no guarantee that what is on the surface is also found below the 
ground. Geochemists study the chemistry of rocks and minerals. Samples 
taken at the surface, from pits dug in the ground, or from a few drilled 
holes, can be analyzed. This can determine all the chemical elements 
present. These elements may be present in very small amounts. They 
can be just a few parts per million (ppm). They show up as halos above 
or around valuable mineral deposits. Along with sampling rocks and 
soil, geochemists may also sample vegetation and water. Elements from 
the deposit can be absorbed by plant roots or dissolved in water. Their 
presence can help geochemists determine whether a mineral deposit 
might be below the surface. However, a geochemist cannot tell how
far below the surface the mineral is.

Geophysics
The geophysicist is another important part of the exploration team. Oil 
and mineral companies employ thousands of geophysicists worldwide. 
Geophysics involves measuring properties of rocks and minerals. In oil 
exploration, the most common geophysical technique is seismic-wave 
reflection. A vibration is caused by a small explosion. It can also be created 
by striking the ground with a steel plate. The vibration travels through the 
crust. It is then reflected back to the surface by a rock layer. The returning 
vibration is recorded on a special instrument. It is called a geophone. (See 
Figure 7.) It records the time it takes for the vibrations to return to the 
surface. This tells the geophysicist about the depth to the reflecting layer. 
With this information, the geophysicist can more accurately determine 
if the subsurface is folded or faulted. It can also reveal if there are other 
features where oil, gas, or mineral deposits may build up.

Geophysicists also measure the local strength of Earth’s gravity field. This 
is affected by the density of the rocks below Earth’s surface. Dense rocks 
cause a slightly greater gravitational attraction than the less dense rocks 
around them. As a result, gravity at the surface is slightly greater. Most

Figure 6 Seismic section.  Figure 7 A geophone stuck into Earth and 
connected to the geophone cable with two clips.

Geo Words
geochemist: a 
geologist who studies 
the distribution 
and amounts of 
chemical elements in 
minerals, ores, rocks, 
soils, water, and the 
atmosphere, and their 
circulation in nature. 

geophysicist: a 
geologist who 
studies the physical 
properties of Earth, 
or applies physical 
measurement to 
geologic problems.

geophone: a seismic 
detector placed on 
or in the ground that 
responds to ground 
motion at its point 
of location.
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Geo Words
gravimeter: 
an instrument 
for measuring 
variations in Earth’s 
gravitational field. 

magnetometer: 
an instrument for 
measuring variations 
in Earth’s magnetic 
field.

Section 6  Earth’s Mineral Resources 

ores are denser than the common rocks in Earth’s crust. Granite, basalt, 
sandstone, and limestone are less dense than ores. The gravity field over 
most ore bodies is a bit stronger than over nearby areas. An instrument 
called a gravimeter measures the acceleration due to gravity. It can 
detect small differences in Earth’s gravity field. (See Figure 8.) You would 
weigh slightly more over an ore body than elsewhere. However, you 
could not feel it. 

  Figure 8 Geophysicists gather data using gravimeters. The silver plate at
the lower left is a gravimeter.

Other Techniques
An instrument called a magnetometer is used to detect changes in 
Earth’s magnetic field. Rocks that contain a lot of iron-bearing minerals 
affect the local magnetic field. Geologists can also measure how well 
rocks conduct electricity. Geologists put electrical current in the ground 
for exploration. Most of the current flows through water in the pore 
spaces of rock. If a rock conducts electricity very well, it is likely to 
contain one of two things. It may just contain a lot of water. It also
may contain a lot of metallic minerals. 

The Bottom Line
There is no exploration technique that can give a complete picture of 
what is below the surface. The geologist must be able to assess the data 
collected. It is important to look at all the clues in order to find minerals. 
Millions of dollars are spent on exploration. However, only a very small 
number of explored areas become profitable mines.

Checking Up
1. What mineral 

resources are 
retrieved from 
the oceans? 

2. What mineral 
resources are 
produced through 
hydrothermal 
activity? 

3. What are the two 
most commonly 
used metals and 
where do they 
come from?

4. What are the 
benefits of mineral 
exploration? 

5. What geophysical 
technique did you 
use to survey the 
model in class? 

6. How do maps 
help geologists be 
more successful in 
exploration?
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Think About It Again
At the beginning of this section, you imagined your community was on a small island and 
were asked the following:

• Would you find mineral resources on the island? 

• Is it possible to find a single place on Earth that has no resources? 

Record your ideas about these questions now. Refer to what you learned about mineral 
resources, their distribution on Earth, and the way geologists locate them in your answer.

Reflecting on the Section and the Challenge 
In this section, you identified the mineral resources of the United States. You also saw 
that ores are difficult to locate from the surface. Exploration is expensive, and not always 
accurate. However, the costs are much higher if the drilling is done by random sample 
without any survey. Think about how you can use what you have learned to address 
an important aspect of your Chapter Challenge. What is the impact of an increase in 
population on the use and supply of natural resources? 

Understanding and Applying

 1. Why is such a small proportion of the area of the United States underlain 
by ore deposits?

 2. Why are many ores associated with orogenic belts? Describe an example of an 
important ore in the United States that is not associated with mountain building. 

 3. If producing a beverage container depended primarily upon how close 
your community was to the source of the primary mineral resource used 
in the container, would your community produce containers made of glass 
(silica sand), steel (iron ore), or aluminum? Explain your answer.

 4. Compare your original diagram of the model your group built to the map made 
by the group that surveyed it. 

a) What differences exist between the two maps? Why do they not match? 

b)  What other exploration techniques might you have used to gather more 
information about your model? What instruments would have been needed? 

 5. a)  How could you have reduced the cost of your exploration in the Investigate? 

b)  How do you think mineral explorers decide how much money and time to spend 
on exploration? 

 6. How do exploratory surveys help to reduce the cost of obtaining mineral resources?
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 7. The map below shows the thickness of a rock formation made of limestone and 
dolostone. The data for the map came from drilling into Earth, taking core samples, 
and measuring the thickness of the formation in each core. The map also shows 
the percentage of dolostone in the formation. The dolostone contains the highest 
percentage of lead–zinc ore. Use a copy of the map to complete the following questions: 

a)  Areas where dolostone exceeds 50 percent have 
profitable ore. Color these areas green. 

b)  What is the thickness range of dolostone in the 
profitable area? 

c)  What is the surface area (in square feet) of 
dolostone in the profitable area? 

d)  If the average profit on the dolostone is $0.30 
per cubic yard, what is the approximate 
company gain? 

e)  Assume that the top of the formation is level. 
Draw a cross section between core holes 1, 5, 
7, and 8. Indicate the profitable area on the 
cross section.

 8. Preparing for the Chapter Challenge

Use a mineral resource map of your state to find 
out about mineral resources located near your 
community. Note that these maps usually show 
resources by commodity, not by mineral name. 
Depending on where you live, you may need to obtain mineral resource maps from 
a nearby state. Prepare a short paper in which you address the following questions: 

a)  Are the resources evenly distributed around the state or are they concentrated
in some areas? 

b) Which mineral commodities are found in your state? 

c) In what types of deposits are the minerals in your community found? 

d) How are your state’s mineral resources used? 

e) What products are manufactured from them? 
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Inquiring Further 
 1. Communities and mineral resources 

  Describe the locations of communities in relation to the mineral resources of your 
state. What relationships seem to exist? What industries grew because of the raw 
materials available locally? 

 2. Hall process 

Research the Hall process used to produce aluminum from aluminum ore. How does 
the process work? Why did this process impact the aluminum industry? Who was 
Hall, and why did he become famous and wealthy?

 3. Mineral supply and demand 

Are common minerals and 
materials likely to have a high 
or low economic value? Are 
minerals and materials that 
have a low economic value 
usually produced in large 
or small volumes? How far 
are minerals and materials 
with low economic unit value 
typically transported? What 
about minerals and materials 
with high economic unit value? 
Explain why this is so. 

 4. Maps and mineral deposits 

How do geologists decide 
which mineral deposits should 
be included on survey maps?
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