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chapter fifteen

Hidden Treasures  
in Rocks: Mineral 
 Resources

As you look around the room you are in, do you know how the 
objects in it were made? How were the materials obtained to 
make your desk, the chairs, the walls, the heating/cooling sys-

tems, the computers, and other equipment in the room? You could say 
they came from stores and factories, but how about before that? The 
answer is that most of these objects were made using natural materials 
that came from Earth’s crust.

In this and the following chapter, deepen your understanding of 
Earth’s systems by investigating some of the resources that Earth’s geo-
sphere provides. Chapter 15 explores the surprising extent to which 
you rely on Earth’s crust for the materials that you use every day.

Mineral resources are so important to human civilization that 
people go to great lengths to obtain them—digging deep holes in the 
earth, stripping vast areas of surface vegetation and soil, and often 
using enormous amounts of energy to extract metals from naturally 
occurring minerals. 

Just what are these minerals you depend on in your daily life, and 
how are they found? In this chapter, read a story about a prospector 
in Colorado searching for gold in a mountain stream. Put yourself in 
the shoes of a modern prospector, gathering the knowledge needed to 
do your own exploration for buried treasure. Ultimately, put  together 
a business plan to develop a particular mineral resource and try to sell 
that plan to your classmates. 
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gold, using the same technique used by Jackson to identify flecks of gold in 
the river sediment.

analysis
Complete the following questions and record your answers in your notebook. 
Be prepared to share your answers with the rest of the class. 

1. Describe a way that groundwater could become heated and then cool 
down. How does this relate to the formation of hydrothermal deposits?

2. If you look at the history of mining, it is clear that most concentrated 
mineral ores have been found in rocks associated with ancient or cur-
rent mountain belts. Why is this the case? 

3. Gold is found in sedimentary rock in Africa. Describe how gold could 
have been concentrated in these rocks.

•                   •                   •                   •                   •                   •                   •

Now that you know how ore deposits form, you need a bit more practical 
information about how to find these resources. Do some mineral prospecting 
in the next activity.

actiVitY 2
Prospecting for Mineral Ore

setting the stage: How do geologists  
look for Mineral ore?
Geologists prospecting for a particular mineral ore must first have a good 
understanding of the geologic environment in which that mineral can become 
concentrated. Certain minerals, for example, are more typically found concen-
trated within cooled and crystallized magma bodies near subduction zones. 
Others are more typically found near rift zones, or alternatively, where hot water 
has flowed through fractures in sedimentary rock. Therefore, a geologist must 
be familiar with the geologic history of an area. Prospectors can learn about this 
from published maps and studies, and by studying satellite images. They also 
perform fieldwork—studying outcroppings of bedrock and rocks below the sur-
face by drilling test borings, using equipment such as magnetometers, and even 
studying river sediments that have carried traces of minerals downstream from 
the ore source. 

In this activity, search for a layer of rock that contains a valuable mineral 
called molybdenum (muh-LIB-duh-num). Economic and environmental 
considerations, especially in mountainous regions, would make the drilling 
of core samples nearly impossible. However, mining companies have come 
up with an effective method of tracking down the location of valuable ore 
deposits by testing sediments collected in strategic spots along river systems. 
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Materials
for each group of StudentS

•	1 bottle of molybdenum 
test solution

for each team of StudentS

•	$5,000 “Mining Money” 

•	1 Prospector Peak 
Quadrangle topographic 
Map

•	student sheet 15.2:  
Prospector Peak  
Sampling Map

•	1 set of sample site 
Choice Cards (1–24)

•	1 Chemplate

•	1 stir stick 

for each Student

•	safety eyewear

As water works its way along the earth’s surface and through the ground, it 
picks up small amounts of the minerals found in the rocks—not enough to 
create placer deposits in the river sediments such as the ones you learned 
about in Activity 1, but enough to leave clues that can be followed back to the 
original ore deposit in the bedrock. The closer the section of river is to an ore 
deposit, the greater the amount of it will be detectable on the river sediments.

safety note
Always	use	caution	and	wear	safety	eyewear	when	using	Molybdenum	
Testing	Solution.	Quickly	and	thoroughly	rinse	off	any	that	gets	on	you	
and	report	any	spills	to	your	teacher.

Procedure
Record your observations and answers in your notebook as you work.

1. With your partner, form a mining company. Decide on a name for 
your company and record your company name and the names of its 
 founders in your notebook.

2. Study the Prospector Peak Quadrangle Topographic Map, which uses 
contour lines to show points of equal elevation. Review the information 
provided in the bottom margin, and answer the following questions.
a. What is the highest elevation on the map? The lowest elevation?
b. What is the elevation difference between two contours?
c. What would be the change in elevation for someone going from 

the top of Glacier Mountain to the river junction near Sample Site 
No. 9? (See the legend for the Sample Site symbol.)

d. The river system is highlighted in blue and drains the section of land 
shown on the map. A main river and two major tributary streams 
make up the system. The main river flows down the valley between 
Bear Ridge and Prospector Peak. Using compass points (N, NW, NE, 
S, SW, SE, E, W), describe the direction the river is flowing. (Hint: 
The river will flow from higher elevations to lower elevations)

e. Sediments are carried by water along the river over time. Which way 
are the sediments in the river moving?

3. Now it is time to begin gathering data to try to decide where the molyb-
denum ore deposit is located. Keep in mind the following:
• Your mining company has a budget of $5,000 to spend exploring for 

the mineral molybdenum
• You will have access to 24 different sediment samples taken from the 

river near each numbered location on your map. 
• Each sample will cost your company $500 to obtain and test so you 

will only be able to test a maximum of 10 samples.
• All of your samples do not need to be selected at one time, but since 

time is money, you will need to make your decisions wisely and 
efficiently. 
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4. Make a data table in your notebook with headings as shown in 
Table 15.5, but with 10 empty rows, one for each sample you will test.

table 15.5: sediment sample test results

sediMent  
saMPle site no. test Color

MolybdenUM 
ConCentration (ppb)

5. Once your company decides which sample site(s) to test, send a represen-
tative with your Chemplate, and $500 per site, to purchase sample(s) from 
the teacher. Do not share information with other companies or speak the 
name of your sample site(s), in case “spies” from neighboring companies 
are listening. Use the Sample Site number cards to communicate. 

6. Obtain one level stir-stick scoop of your purchased river sediment 
sample(s) and place it in an empty small well on the Chemplate. Return 
to your work area and, with your partner, carefully add 1 drop of the 
molybdenum test solution to each sample, and wait 10–15 seconds.  

7. Observe the color of your sample(s). Use Table 15.6 to determine the con-
centration of molybdenum in each sample. Carefully record your results on 
your map in Student Sheet 15.2 as well as in your data table. Remember: The 
stronger the concentration, the closer the sampling spot is to the “mother 
lode” ore deposit.

table 15.6: Concentration range of Molybdenum

test Color
MolybdenUM ConCentration  
in Parts Per billion (ppb)

Yellow less than 0.1 

Blue 0.1–1.0 

Blue-green 1.1–10.0 

red > 10.0 

8. Continue purchasing and testing additional sample sites until you 
either run out of money or are confident that you have located a “hot 
spot” for a deposit of molybdenum. Remember to record all your 
results in your data table.

9. Write up your recommendations for interested investors who may be 
willing to purchase the mineral rights and contribute money toward 
mining operations. Describe the following:
a. The location of the area that you think should be mined for 

 molybdenum ore. 
b. The logic your company used to decide which of the 24 sites to sample.
c. The evidence you have that supports mining in your recommended 

location.
d. The amount of money you spent locating the mineral resource. Do 

you have any left to purchase the mineral rights before other compa-
nies snatch them up?
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10. Wash out the chemplate, clean up your area, and return your materials 
to the proper location. Then, write answers to the Analysis questions 
and be prepared to share them with the class.

analysis
Complete the following questions and record your answers in your notebook. 
Be prepared to share your answers with the rest of the class. 

1. You’ve just simulated what it’s like to explore for mineral ore by follow-
ing traces in river sediments. Describe the type of work you might do if 
you actually had a career in the field of mineral exploration. What type 
of work might you do in the field? What type of work might you do in a 
laboratory or office?

2. Let’s say your mining company locates a molybdenum deposit and has 
purchased the mining rights. Removomg the mineral from the ground 
requires digging a big open pit mine. The mineral itself makes up only 
a small percentage of the rock removed, so tons and tons of waste rock 
(called tailings) will have to be dumped nearby. On the other hand, the 
mine will bring jobs to the community. Weighing economic and envi-
ronmental factors, do you think this deposit should be mined? Justify 
your answer.

•                   •                   •                   •                   •                   •                   •

Finding the mineral ore is challenging work, but once you find it your 
work isn’t done. You then have to remove the ore from the ground and pro-
cess it so that it’s useful. The next reading discusses how this is done.

reading
From Rocks to Riches— 
Mining and Processing Mineral Ore

How are Minerals Mined?
After a mineral ore is discovered, it must be 
removed from the ground and separated from the 
gangue (pronounced gang; the nonvaluable minerals 
also contained in the ore). A number of techniques 
are used to mine minerals. 

open Pit Mines
Sometimes, minerals are excavated in open pit mines, 
such as the copper mine in Figure 15.8, using heavy, 
earthmoving equipment such as bulldozers, scrapers, 

FIgUrE 15.8
The Bingham Canyon Mine in Utah is 
an open pit copper mine.
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and draglines, as well as blasting. Some of these open pit mines are huge, and 
the trucks used to excavate rocks have wheels taller than a person. The Bagger 
288, shown in Figure 15.9, weighs 13,500 tons, and it is 311 feet tall and 705 feet 
long! The Bingham Canyon Mine, also known as the Kennecott Copper Mine, 
in Bingham, Utah, is one of the largest of all human-made excavations. It covers 
almost 2,000 acres, stretches more than 2.5 miles across at the rim, and is more 
than a half mile deep. It is so large that it is  visible to the naked eye from the 
orbiting space shuttle. More than $6 billion worth of copper and other min-
erals have been excavated from this mine. This includes more than 17 mil-
lion tons of copper, 715 tons of gold, 5,900 tons of silver, and 380,000 tons of 
molybdenum!

dredging for Placer deposits
The mining of placer deposits from riverbeds also 
involves moving impressive amounts of earth mate-
rials, as shown in Figure 15.10. Dredges, often as 
large as a three-story house, process as much as 
1,000 tons of sand and gravel per hour. They use 
buckets on a continuous chain or rotary cutting 
heads and a suction hose to remove material from 
below the water surface. The mineral particles are 
separated from the sand and gravel, and conveyors 
on the dredge then deposit the waste in the area 
already excavated. 

deep Mining
Deeper mineral deposits are accessed by tunneling into rock below the 
ground. Mines are often made by digging a vertical shaft where the desired 
mineral is concentrated. Then horizontal passages are excavated at different 
levels off of this shaft, as shown in Figure 15.11. The ore is drilled, blasted, or 
excavated, and transported back to the ground surface using mechanized car-
riers or conveyor belts.

 Although the first minerals mined by humans were excavated from 
the surface, deeper and deeper mines are dug today to mine precious min-
eral resources. The deepest mines in the world are the gold mines in South 
Africa. Some of these mines are close to 4 km in depth. The TauTona Mine, 

FIgUrE 15.10
The sediment in this river valley in 
Russia has been dredged to recover 
platinum placer deposits.

FIgUrE 15.9
The Bagger 288 bucket-wheel exca-
vator is one of the largest land vehicles 
of all time. 
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3.9 km (2.4 miles) in depth, has about 800 kilome-
ters (~500 miles) of tunnels and employs approxi-
mately 5,600 miners. It can take as much as one 
hour for a worker to travel from the surface to the 
bottom, descending in a cage at a rate of 16 meters 
a second. The pressure on the rocks at a depth 
of 3.5 km (2.2 mi) is more than 9,500 tons per 
square meter (900 times normal atmospheric pres-
sure). Also, the temperature of Earth’s rocky crust 
increases with depth. This means that miners need 
special cooling equipment to endure temperatures 
up to 59°C (138°F) while working.

Processing the Minerals
A great deal of effort is involved in extracting minerals from the ground, but 
once removed, the work is not done. After the mineral ore is recovered, it is 
processed to separate it from the gangue and concentrate the mineral further. 
The first processing steps usually involve crushing the ore in a mill. Producing 
smaller pieces allows the subsequent steps of physically and chemically 
separating the desired mineral(s) from the waste to proceed more efficiently. 
Physical separation often uses acids or other caustic solutions. 

Then the minerals are transported to industrial facilities where they are 
further processed. As mentioned previously, many of the metals you use must 
be extracted from minerals. This is done by a process called smelting, which 
involves heating the ore until it melts and then separating the desired metal 
from the molten mixture, as shown in Figure 15.12. 

After smelting, the ore often requires further refining to remove even more 
impurities. Once refined, different molten metals can be combined in specific 
ratios to form an alloy. Alloys are usually harder, stronger, and more resistant 
to corrosion than the component metals, making them more useful. Steel is an 
alloy, consisting mainly of iron with smaller amounts of other elements. There 

FIgUrE 15.12
Smelting.

FIgUrE 15.11
Deep mineral deposits are accessed 
and recovered by excavating vertical 
shafts and horizontal tunnels at 
 different levels.

3861 EDPS Earth Science Student Book, Part  2
Figure: 3861 EDPS EaSci SB15_11
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are several kinds of steel, each defined by the elements added to the iron. The 
most common are carbon steel (~98% Fe, ~2% C), used for tools, and stainless 
steel (~90% Fe, ~10% Cr), used to make household products. 

about the reading
Write your responses to the following questions in your notebook. Be prepared 
to discuss your answers with the class.

1. To gain a better understanding of the scale of mining operations at the 
Bingham Canyon Mine in Utah, make some comparisons to objects 
that might be familiar to you.
a. The Bingham Canyon Mine covers more than 2,000 acres. A typi-

cal city block covers approximately 5 acres. How many city blocks 
would fit in the areal extent of the mine?

b. The Bingham Canyon Mine is more than a half-mile deep. Compare 
this to the structures in Table 15.7. Would they fit in the mine exca-
vation? Would more than one of them stacked on top of each other 
fit? If so, how many would be in the stack?

table 15.7: Height of Buildings to Compare  
with the depth of the Bingham Canyon Mine

strUCtUre height (feet)

Empire state Building 1,472 

space needle in seattle 605 

U.s. Capitol Building 288 

Your school building ________  (Hint: a one-story building = ~12 feet.)

c.  On April 10, 2013, a huge landslide sent nearly 70 million cubic 
meters of material tumbling thunderously down the side of the 
Bingham Canyon Copper pit. Some equipment was damaged but 
there were no human injuries because the mining company had 
installed special safety equipment to monitor slope stability in the 
mine. It was able to issue a warning and shut down operations before 
the slide occurred. Describe other safety issues that may need to be 
addressed when planning to develop a mineral resource. 

2. Draw a labeled diagram in your notebook to summarize the steps typi-
cally involved in processing a mineral.

3. The mining of any type of mineral has associated environmental 
impacts. 
a. Describe possible impacts to land, water, air, vegetation, and wildlife 

associated with each of the three mining techniques you studied: 
open pit, dredging of placer deposits, and deep mines.

b. Describe the environmental impacts that might be associated with 
physically or chemically separating the ore from the gangue.

c. Describe the environmental impacts that might be associated with 
smelting.
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4. Think about the entire process a material goes through from mining to a 
store shelf. Identify the points at which energy is used.

5. The environmental and safety equipment costs associated with min-
eral extraction and processing may be balanced by the benefits of using 
them. For example, processing aluminum requires large amounts of 
energy. However, the use of aluminum in automobiles and airplanes 
makes them lighter and more energy efficient. You’ve listed some of the 
environmental risks, safety precautions, and energy costs of mining and 
processing mineral resources in Questions 2, 3, and 4. Now list some of 
the benefits. How do they make your life better?

•                   •                   •                   •                   •                   •                   •

In the next activity, you’ll have the opportunity to process some mineral ore.

actiVitY 3
Refining an Ore

In this activity, investigate a two-part process to refine copper from malachite, 
a copper-bearing mineral. Malachite contains copper in the form of copper 
 carbonate (CuCO3). 

safety note
Always	wear	safety	goggles.	Do	not	ingest	any	of	the	materials.	Use	caution	
to	avoid	contact	between	the	materials	used	in	this	investigation	and	your	
skin	and	eyes.	If	any	of	the	solid	malachite	comes	in	contact	with	your	skin,	
wash	it	off	immediately.	If	any	acid	comes	in	contact	with	your	skin,	espe-
cially	your	hands	or	face,	immediately	flush	the	area	with	plenty	of	water	
and	inform	your	teacher!	If	any	acid	gets	on	clothing,	immediately	remove	
the	clothing	and	rinse	it	in	plenty	of	water.	

Procedure
Part a: Extracting the Copper by Chemically treating the ore

1.  Using the white scoop, place a level scoopful of crushed malachite into 
one of your 30-mL graduated cups.

2.  Examine and describe your sample of crushed malachite.

3.  Slowly, and with great care, add 1 M sulfuric acid onto the crushed mala-
chite until the liquid level reaches the 7.5-mL mark of your  graduated cup.

4.  Using the flat end of the clear stir stick (not the white scoop), gently stir 
the malachite and acid mixture for 5 minutes. While stirring,  carefully 
observe the mixture and record your observations. Note: You can observe 
with many senses, not just your eyes.

Materials
for each group of StudentS

•	1 white scoop 

•	1 bottle of 1 M sulfuric 
acid

•	1 cup filled with water

•	1 aB tray

•	1 plastic filter funnel

•	1 coarse filter-paper circle

•	1 30-ml graduated cup

•	1 dropper

•	1 stir stick

•	access to water, paper 
towels, crushed malachite, 
iron powder

for each Student

•	safety eyewear


