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Learning Outcomes
In this section, you will

• Design a procedure for mining 
the model used in Section 6 
that optimizes time and cost, 
and reduces environmental 
impact. 

• Analyze the outcomes 
of mining the model to 
understand demand and market 
value, and the costs of labor, 
refining, transportation, and 
environmental reclamation. 

• Understand the benefits 
and drawbacks to mineral 
exploration and mining. 

• Analyze the economic 
importance of mining 
in your state.

Think About It 
Minerals are excavated from Earth through mining. 

• What is a mine, and what does it look like? 

• What does the process of mining involve? 

Record your ideas about these questions in your Geo log. Have 
you ever seen a working or abandoned mine? In your log, sketch 
a picture of a mine that you have seen or one that you imagine. 
Describe what processes take place in the mine. Be prepared to 
discuss your responses with your small group and the class.

Investigate
 1. Use the same model that you surveyed in Section 6. Make a 

plan for excavating the ore. Here are the rules for excavation: 

•  Your mining company has $200,000 to spend on this project. 
• You have 15 minutes to complete mining. 
• It costs $1,000 to remove each gram of sand from the model. 

Section 7  The Costs and Benefits of Mining Minerals

Section 7 The Costs and Benefits of Mining Minerals
What Do You See?
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•  It costs $1,000 for every minute 
spent mining. 

•  It costs $500 to replace each gram of 
sand for environmental restoration 
after the mine is closed. 

•  If your company disrupts more 
than 25 percent of the surface of 
the model, you must pay a $5,000 
restoration fee. 

•  Your company will receive $4,000 for 
each gram of ore recovered. 

Using the cross section you drew in 
the previous section, formulate a plan 
for removing the ore. Consider the 
factors of ore concentration, depth, 
and surrounding material in your plan. 
Discuss the ways you will keep your 
excavation localized to avoid the $5,000 
restoration fee. Be sure every member 
of your group understands his or her 
role in the mining operation before you 
begin, because time is worth money.

a) Outline your plan in your Geo log.

 2. You will use plastic spoons to remove 
the sand and ore. A timekeeper will 
start the clock on your mining. As 
you remove material from the model, 
separate the sand from the ore by 
placing a sheet of scrap paper over 
the ore and touching the “unrefined” 
ore with a magnet through the paper. 
Transfer the magnet, the paper, and 
whatever ore sticks to it to another 
container. When you lift the magnet 
away from the paper, the released ore 
will be caught in the container. Do this 
several times to remove all the ore from 
the sand. Save all materials to take to 
the “refinery.”

Wear goggles throughout the activity. 
Wash your hands when you are done.

 3. When you bring the containers of sand 
and ore and the remains of the model to 
the refinery (weigh-in station), the clock 
stops for your group. 

a) Write down the number of minutes 
you used in mining.

 4. Calculate the costs for environmental 
reclamation. 

a) Find the mass of the sand and record 
it in your log. 

b) Record in your log the total cost for 
returning the sand to the model. 

c) Measure the surface area of your 
mine and compare that to the total 
surface area of the model. Did 
you disturb more than 25 percent 
of the surface? If so, charge your 
company $5,000 for environmental 
reclamation. 

 5. Calculate your income. 

a) Find the mass of the ore and 
calculate your company’s income 
determined by the current market 
value of the ore ($4,000 per gram). 

b) Write the information in your 
Geo log.
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Geo Words
spoil: overburden and 
other waste material 
removed in mining, 
quarrying, dredging, 
or excavating.

Section 7  The Costs and Benefits of Mining Minerals

REMOVING MINERAL RESOURCES FROM 
THE GROUND
Types of Mining
There are two main ways to get minerals out of the ground. One is 
surface mining. The other is underground mining. The method used 
depends on the location, size, and depth of the ore. It also depends on 
the grade (quality) of the ore. Both surface mining and underground 
mining require planning and money. The method chosen must ensure 
that the ore is removed in the most cost-effective and safe way. The 
mining method also needs to be environmentally sound.

Surface Mining
In the United States, most minerals are removed from the ground by a 
kind of surface mining called open-pit mining. This method of mining 
has advantages when the ore body is very large and close to the surface. 
Large earth-moving equipment removes the soil and rocks above the ore. 
The original topsoil is stored in large piles for later use in reclamation. 
The underlying rock material that covers the ore body, called spoil, is 
stored elsewhere. The operation continues from a series of large benches 
and roads. They wind their way down into a large, deep pit. The benches 
serve as both working areas and as roads to haul the ore to the surface. 
Ore and waste in the
pit is drilled, blasted, 
and loaded into 
huge trucks. The 
trucks carry the 
ore and waste 
to crushers or 
waste piles. The 
crushed ore is then 
transported to 
facilities for storage 
and refining. The 
Bingham Canyon 
copper mine, near 
Salt Lake City, Utah, 
is one of the largest 
open-pits in the 
world. (See Figure 1.) 
It is approximately 
two miles in 
diameter and
more than a half 
mile deep.

Digging Deeper

Figure 1 The Bingham Canyon copper mine in Utah 
is one of the largest open-pit mines in the world.
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Resources such as sand, gravel, coal, phosphate, as well as iron ore and 
copper ore, are removed from surface mines. Much of the coal in the 
western United States comes from open-pit mines called strip mines. (See 
Figure 2.) Strip mining is used where the deposit is in the form of thin but 
widespread sheet-like layers near the surface.

As reserves of petroleum become scarcer in the coming decades, the great 
reserves of oil shale are likely to be mined from strip mines. These reserves 
are found in Colorado and Wyoming. The oil shale will then be converted 
to petroleum. In Canada, deposits called tar sands contain huge reserves 
of petroleum. They are already being mined from strip mines. They are 

likely to be a major source 
of petroleum for both 
Canada and the United 
States in the future.

Dimension stone quarries 
are special types of 
open-pit mines. Large 
blocks of granite, marble, 
limestone, or sandstone 
are removed intact (not 
crushed). Quarrying is 
used when the desired 
final product is large 
blocks of the rock itself. 
(See Figure 3.)

Figure 2 Strip-mined land not yet reclaimed.

Figure 3 Marble blocks being extracted from a quarry.
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Underground Mining
Underground mining is done when the mineral resources lie deep 
beneath the surface. It is also done when an ore body has irregular 
geometry. Shafts and tunnels provide access and ventilation. Depending 
upon the orientation of the ore body, the mineshaft may be vertical, 
horizontal, inclined, or shaped like a corkscrew. Tunnels, on the other 
hand, are close to being horizontal. After the ore body is reached, 
additional tunnels are excavated through the body. The ore is then 
hauled to the surface by trains, loaders, trucks, or elevators. Many mining 
operations use trackless semi-automated equipment to speed extraction. 
This is also used to reduce the number of people exposed to the hazards 
of working underground. In most underground mines, large “rooms” 
are formed when the ore is removed. Pillars of ore and/or waste rock 
material are left to support the mine roof. The grade of the ore and the 
strength of the overlying rock help determine the size of the rooms and 
the support pillars. Modern techniques include back-filling tunnels to 
recover ore pillars. This helps to prevent cave-ins. It also guards against 
environmental problems, such as acid mine drainage.

 Figure 4 Silver ore is retrieved by blasting tunnels in underground mines.

Environmental and Safety Concerns 
A surface mine disturbs the land in many ways. Overburden is rock 
material that lies over a mineral deposit. It is removed along with 
vegetation. This destroys ecosystems. Patterns of surface water runoff 
are also changed. Dissolved chemicals from some of the rocks and 
minerals are exposed at the surface during mining. They can pollute 
surface and groundwater.

Geo Words
overburden: rock 
material that overlies 
a mineral deposit and 
must be removed 
prior to mining.
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All states require mining operations to file plans for how they will reclaim 
the land. This must be done before any ground is disturbed. After all the 
mining is done, the company tries to stabilize the ecosystem. The goal is 
to return the land as much as possible to its natural state. The first step 
is to spread the spoil back over the mined area. This is done to restore 
the topography of the land. Next, any available topsoil from the original 
stripping is spread over the spoil. Then, native trees and shrubs are 
replanted in the mined area.

 Figure 5 After mining operations finish at a site, native vegetation is replanted.

Worker safety is always a concern in mines. Mining involves the use of 
heavy equipment. Caution is always needed when working with this 
type of equipment. This is true for both surface and underground mines. 
Underground mine disasters can also be caused by the collapse of tunnels. 
These collapses are much less frequent in the United States than in many 
other countries. However, disasters do happen. Most mining deaths in 
the United States are related to poorly maintained equipment. They also 
result from failure to wear or use safety equipment. Working in unsafe 
locations within the mine is also a cause of death. 

Many mining operations can expose workers to hazardous materials. Being 
exposed to certain minerals over a long time can cause health problems. 
This is a problem for miners. It is a problem for those who process mined 
ore as well. Silica dust, heavy metals, asbestos fibers, and other materials 
can cause serious illnesses. The presence of these materials must be 
constantly checked. To protect miners, the amount of exposure must 
be limited. This raises the cost of mineral excavation.

Checking Up
1. What are the two 

main kinds of 
mining? Which 
kind did your 
model simulate? 

2. What types of 
mineral resources 
are extracted from 
surface mines? 

3. What are some 
of the hazards 
associated with 
underground 
mining?
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Think About It Again
At the beginning of this section, you were asked the following:

• What is a mine, and what does it look like? 

• What does the process of mining involve? 

Record your ideas about these questions now. Refer to what you learned about mines and 
mining methods in your answer.

Reflecting on the Section and the Challenge 
Your mine model illustrated some of the factors involved in recovering mineral deposits 
from Earth. The depth of the deposit, the type of material around it, and the concentration 
of the ore are all geologic factors that influence mining. These factors influence the 
decision to mine and the costs of the mineral resources used to produce goods.

Understanding and Applying

 1. In your simulation, what real-life mining cost did the fee of $1,000 per minute 
represent? What real-life mining cost was represented by the fee of $500 per gram 
of sand to be replaced? 

 2. Analyze your group’s mining venture. 

a) Did your company make a profit or lose money? 

b) What factors affected your profitability? 

c) What was the largest expense associated with your mining venture? 

 3. Imagine your model enlarged to a depth of one meter. 

a) What changes would you incorporate in the plan to recover ore? 

b) What risks would be involved? 

 4. How might delays such as equipment repair, environmental claims, labor strikes, 
and so on, affect your profit? 

 5. A company has approached your community leaders, seeking approval to open a new 
mine nearby. Both the mine and the associated refining plant will employ people in 
your community. In class, designate some members as government representatives, 
some as company representatives, and the rest as members of the community. 

•  If you are designated a government representative, come up with at least three 
questions to ask the company representatives about the mine. 

•  If you are a company representative, decide on the commodity to be mined and the 
method by which it will be extracted. Prepare a brief presentation on the benefits of 
the mine and be prepared to answer questions. 

•  If you are a member of the community, come up with at least three questions for the 
government council and company representatives. 

a) Write your questions or your presentation points in your log.

Section 7  The Costs and Benefits of Mining Minerals
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b)  With your class members role-playing the parts outlined, conduct a town hall 
meeting to discuss the pros and cons of opening the mine. Write the questions and 
answers given in your log. After the council, discuss as a class how the meeting 
went, and summarize the outcome in writing.

 6. Preparing for the Chapter Challenge

Your challenge is to prepare a plan that will help your community meet its growing 
mineral resource needs. Write a paper in which you discuss the advantages and 
disadvantages of various methods of mining mineral resources. Explain how an 
increase in the population of your community might affect the decision to increase 
mining operations. 

Inquiring Further
 1. Mineral resources and state revenue 

Visit the EarthComm Web site at http://www.agiweb.org/education/earthcomm2/, or 
use encyclopedias, almanacs, or tourist information, to investigate the contribution 
of mining to your state’s economic structure. How much of the state’s revenue is 
generated by mining-related operations? 

 2. Environmental impacts of mining 
What kinds of environmental impact result from surface mining? From underground 
mining? What kinds of environmental impact regulations for mining are in place for 
your state? Visit the EarthComm Web site to get you started with your research. 

 3. Sources of minerals 
Investigate the sources of minerals used in local manufacturing. Why are many 
minerals found in the United States imported from other countries? Why are most 
construction materials obtained from local sources?
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