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Chapter 12 

Riches in Rock: Energy and Mineral Resources 

Learning Objectives 

1. Students should know the major energy resources found within rocks and sediment (oil, 

natural gas, coal, and uranium), how they form, how they are recovered, and how they are 

utilized for our energy needs. 

2. Oil and gas are commonly produced together in the heat of burial as a result of the alteration 

of black shale, which is rich in organic matter. The organic matter within the shale is derived 

from the remains of plankton, which settled to the bottom of the water in an oxygen-poor 

environment (retarding bacterial decay). Gas (a short-chain hydrocarbon) is less dense and 

more volatile than oil (which is composed of longer carbon chains) and forms at somewhat 

higher temperatures (and thus is found in the absence of oil at greater depths and 

temperatures). 

3. A recoverable quantity of oil requires that an organic-rich source rock be subjected to 

temperatures within the oil window. Additionally, at least two other bodies of rock must be 

present in conventional oil recovery. Directly above the source rock, a highly permeable 

reservoir rock must reside. Oil from the source will migrate upward through the pores of the 

reservoir rock because it is less dense than the water that is also found within the pores. An 

impermeable seal rock must lie above the reservoir rock to keep the oil from escaping to the 

surface. Further, economically feasible bodies of oil require a geometric configuration that 

allows oil to pool in a restricted space, bounded by seal rock so that it cannot reach the 

surface. Together, this configuration and the seal rock form what is termed an oil trap. 

4. Oil and gas production in the United States have recently increased substantially due to 

hydrofracking, in which water, sand, and chemicals are injected into organic-rich shale source 

rocks, opening and propagating fractures within them. This allows the source rock to serve as 

a reservoir, with oil and/or gas extracted directly from source rocks. Hydrofracking has been 

an economic boon for energy companies and has helped reduce our need for oil imports, but 

it has been implicated in groundwater contamination and in triggering numerous small 

earthquakes. 

5. Coal is the altered remains of ancient plants that lived in swampy environments. The acidic 
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water of swamps retards decay, allowing wood and leafy matter to accumulate and be 

compressed to form peat. Later, deep burial of peat at great temperatures burns off volatile 

materials to leave behind greater amounts of organic carbon. Grades of coal are ranked, on 

the basis of their carbon content, from lignite (low rank) through bituminous to anthracite 

(high rank), which has the greatest proportion of carbon and produces the greatest amount of 

heat per unit volume of material burned. Problems associated with coal mining include the 

incidence of acid mine drainage, because most coal contains sulfur and is found in association 

with pyrite (iron sulfide). Burning of fossil fuels contributes carbon dioxide to the 

atmosphere, adding to current global climatic warming, as well as sulfur dioxide, which 

contributes to the problem of acid rain. 

6. Most mined uranium has been concentrated by hot, circulating groundwater in veins within 

granite plutons. The isotope used in fission reactors is relatively sparse within naturally 

occurring ore (uranium oxide) and must be enriched (concentrated). Fission reactors provide 

abundant energy, but the storage of radioactive waste is a major environmental concern. 

7. The world’s supply of oil, a nonrenewable fossil fuel, is finite, and at current rates of use will 

last for only a couple of centuries under even the most optimistic scenarios. Alternative 

sources of energy (geothermal, wind, solar, and, in some scenarios, nuclear energy and 

perhaps even coal) will see expanded use in the not-too-distant future. 

8. Students should know a few important precious metal (gold, silver), base metal (copper, lead, 

iron), and nonmetallic mineral resources (dimension stone, quartz sand) and their uses. 

Strategic minerals are important and useful minerals (including ores of many metals) that are 

found in countries that are currently, or may become, unreliable trading partners with our 

nation. 

9. Metals in nature are most commonly combined with nonmetals to form ore minerals, which 

must be smelted to separate metal from nonmetal. 

10. Students should know the seven types of deposits that concentrate ore minerals (magmatic, 

hydrothermal, secondary-enrichment, Mississippi Valley–type ([MVT), ], sedimentary, 

residual mineral, and placer) and how each forms. 

 

 

Summary from the Text 
 

Energy resources come in a variety of forms: energy directly from the Sun; energy from 

tides, flowing water, or wind; energy from chemical reactions; energy from nuclear fission; and 
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energy from Earth’s internal heat. 

Oil and gas are hydrocarbons formed from the organic remains of plankton, which settle out 

and become incorporated in black organic shale. Chemical reactions at elevated temperatures 

convert the organic matter to kerogen and then to oil. 

To form a conventional oil reserve, oil must migrate from a source rock into a reservoir 

rock. The subsurface configuration of strata that holds oil is called an oil trap. 

Substantial volumes of hydrocarbons also exist in nonconventional reserves. These include 

shale gas and shale oil, tar sand, and oil shale. Extraction of unconventional reserves has 

increased dramatically in recent years due to the development of directional drilling and 

hydrofracturing. 

For coal to form, abundant plant debris must be deposited in an oxygen-poor environment. 

Compaction changes the debris to peat that, when buried deeply and heated, transforms into coal.  

Geologists distinguish among three ranks of coal, based on the amount of carbon the coal 

contains. Coal occurs in beds, and can be mined by either strip mining or underground mining. 

Nuclear power plants generate energy by using the heat released from the fission of 

uranium.  

Nuclear reactors must be carefully controlled to avoid overheating or meltdown. The 

disposal of radioactive nuclear waste can create environmental challenges. 

Geothermal energy uses Earth’s internal heat to transform groundwater into steam that 

drives turbines; hydroelectric power uses the potential energy of water; and solar energy uses 

solar cells to convert sunlight to electricity. 

We now live in the Oil Age, but oil supplies may last only for another century, and the 

production and use of energy resources have many environmental consequences. 

Industrial societies use many types of minerals, all of which must be extracted from the 

upper crust.  

Metals come from ore. An ore is a rock containing native metals or ore minerals in 

sufficient quantities to be worth mining.  

Magmatic ore deposits form when ore minerals grow during solidification of melt. In 

hydrothermal deposits, ore minerals precipitate from hot-water solutions. Secondary-enrichment 

deposits and MVT deposits precipitate from groundwater. Sedimentary deposits settle out of 

water, residual mineral deposits are the result of soil formation, and placer deposits develop when 

metal grains accumulate in sediment. 

Nonmetallic resources include dimension stone, crushed stone, clay, sand, and many other 

materials. A large proportion of materials in your home have a geological ancestry. 

Prel
im

ina
ry 

Cop
y



Mineral resources are nonrenewable. Many, including strategic minerals, are now or may 

soon be in short supply. 

 

 

Video and Animation Files 
 

HYDROFRACKING 

Number: 12.1 

Length: 3 min.  

Summary: The video uses animation to illustrate how the techniques of horizontal drilling 

and hydrofracturing (“fracking”) are used to recover natural gas from shale. A flexible drill 

bit assembly is guided into a shale body and excavates a borehole within the shale. The 

borehole is sealed laterally by strong, inflatable stoppers. Water, sand, and chemicals are 

injected at high pressure to expand microfractures within the shale and open new fractures.  

Gas then migrates to the borehole and is extracted. 

Classroom Use: This video is strongly recommended for classroom and online use because 

the subject matter is both topical and difficult for new students to grasp. Further 

development and discussion could focus on the nature and purpose of specific injected 

chemicals (briefly flashed on the screen). Discussion would also likely address potential 

negative environmental consequences of fracking and the recent legal response to these 

concerns made by state and local governments. 

Review and Discussion Questions: 

1. Why is sand injected into the shale beds along with fracking fluid?  

2. Is natural gas more likely to escape from a fracking site laterally or vertically? 

 

 

FORMATION OF ORE DEPOSITS 

Number: 12.2 

Length: 4 min.  

Summary: The video defines ore minerals and ore deposits and explains how metals can 

come to be concentrated in economically useful deposits, using animation and photography 

of mining activity and ore minerals themselves.  

Classroom Use: This video could be shown to reinforce understanding of the geological 
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circumstances necessary to produce an economically viable deposit of ore and the smelting 

techniques necessary to extract metals from ore minerals. Further discussion might focus on 

historical use of metals, including reasons why the Copper Age necessarily preceded the 

Bronze Age, which in turn preceded the Iron Age. 

Review and Discussion Questions: 

1. What is a placer deposit, and how have these deposits been historically exploited?  

2. What influence have placer deposits had on American history? 

 

 

Answers to Review Questions 
 

1. What are the fundamental sources of energy? 

ANS: According to the text, the seven fundamental sources are solar energy, gravitational energy, 

energy from the interaction of solar and gravitational energy (wind and water energy), energy 

from photosynthesis, energy from fossil fuels, energy from inorganic chemical reactions, energy 

from nuclear fission, and energy from Earth’s internal heat. 

 

2. What is the source of the organic material in oil and how is it transformed into oil? 

ANS: Ancient plankton, including algae, are the source of organic matter in oil. When these 

plankton die and are buried in an oxygen-starved setting, they become incorporated into organic-

rich mud. With further burial, the sediment forms shale and the organic matter may be 

transformed by heat into first kerogen and then hydrocarbons (oil and gas). 

3. What is the oil window, and what happens to oil at temperatures higher than the oil window? 

ANS: The oil window is the range of temperatures in which oil forms from organic matter. At 

temperatures above the oil window, oil is converted to gas. 

4. Explain how a conventional oil or gas reserve forms. 

ANS: When organic matter derived from the remains of plankton are heated at depth, oil and/or 

gas is formed. Oil and gas are both less dense than water (which coexists with the oil in 

subterranean pores within rocks and sediments), so they will migrate upward to the surface. In 

order to produce an oil or gas reserve field that can be commercially exploited, a porous and 

permeable rock (termed a reservoir) such as sandstone must reside above the source rock (oil- or 

gas-producing shale). The shales that produce oil or gas do not conduct liquids rapidly, hence the 
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need for a separate reservoir into which the hydrocarbons will flow. In order to keep the 

hydrocarbons from escaping to the surface, a trap is necessary. A trap consists of an impermeable 

seal rock (such as shale) to block the flow of hydrocarbons, along with a geometric configuration 

(such as an anticline, salt dome, fault, or stratigraphic pinch-out) that causes the hydrocarbons to 

migrate into a relatively confined space. 

5. What are unconventional hydrocarbon reserves, and how can hydrocarbons be extracted from 

them? 

ANS: Tar sand is sand or sandstone filled with viscous, long-chain hydrocarbons. Tar sands are 

mined from the surface and heated to separate hydrocarbons from sand. Oil shale is shale rich in 

organic matter that has been insufficiently heated (with regard to oil formation); its organic 

content is primarily kerogen. Oil shale can be heated to produce oil. 

Shale oil and shale gas are hydrocarbons trapped in impermeable source rocks. 

Hydrofracking involves the injection of water, sand, and chemicals into these source rocks to 

open fractures, allowing hydrocarbon extraction. 

6. Where is most of the world’s oil found? At present rates of consumption, how long will oil 

supplies last? 

ANS: The majority of oil is found in the Persian Gulf region of the Middle East. It might last for 

a century or perhaps as long as two centuries. 

7. How is coal formed, and in what class of rocks is coal considered to be? 

ANS: Coal represents the remains of plants that lived and died in moist or swampy environments 

in which there was little bacterial decay. As trees and other plants died, their organic matter 

accumulated, and burial compaction eliminated some of the volatile materials, forming peat from 

the remains. With additional heat and pressure derived from later, deeper burial under layers of 

sediment and rock, lignite, bituminous, and occasionally anthracite coal were produced. Each 

successively higher rank of coal is richer in carbon. Coal is sedimentary rock. 

8. What determines the rank of coal? 

ANS: Higher ranks of coal contain more carbon and fewer volatiles than lower ranks. Heat and 

pressure during burial burn off volatile matter, which is most abundant in peat and least abundant 

in anthracite.  

9. How is electricity generated by a nuclear power plant? 
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ANS: A neutron is struck against an unstable uranium isotope (235U) within uranium oxide inside 

a fuel rod, inducing fission of the uranium atom, which emits three additional neutrons that then 

strike other 235U atoms, which release yet more neutrons, forming a chain reaction. The reaction 

is controlled by keeping the quantity of uranium within the fuel rods below a critical mass and by 

surrounding the rods with cool, circulating water and inserting control rods that absorb neutrons 

as needed. Heat from the fission reaction is used to boil water to generate steam that drives a 

turbine, which in turn drives a generator (spinning magnet), producing a flow of electricity. 

10. Where do uranium deposits form in the Earth’s crust?  

ANS: Uranium is incorporated into magmas, which rise up through the crust, cooling to form 

granite plutons. Hot groundwater dissolves the uranium scattered throughout the plutons. The 

uranium then precipitates in higher concentrations in veins within the plutons. 

11. What are some of the drawbacks of nuclear energy? 

ANS: The primary drawbacks of nuclear energy are the possibility of meltdown (fuel becoming 

too hot and melting through some of the architecture of the power plant), as occurred at 

Chernobyl in Ukraine in 1986 and Fukushima in Japan in 2011, and the difficulties associated 

with nuclear waste disposal. Waste must be disposed of in a way that will ensure that radioactive 

isotopes will not be carried by surrounding groundwater into aquifers. 

12. Define geothermal energy, and describe the ways that it can be used. Can geothermal energy 

be used to generate energy economically everywhere? 

ANS: Geothermal energy is the internal heat of the Earth.   In places of high heat flow, rising 

steam or hot water can be withdrawn and used to generate electricity.   Hot water can also be 

piped directly into homes, conserving electricity or other sources of energy that otherwise might 

be used to heat water. There are few places on Earth where hot groundwater rises naturally to 

sufficiently shallow depths so that its heat can be readily exploited.  

13.  What is the difference between renewable and nonrenewable resources? 

ANS: Renewable resources are those that are naturally replenished at sufficient rates to offset 

current use of the resource. Nonrenewable resources are used more rapidly than they are 

replenished and thus have a finite lifetime.  

14.  What is the likely future of hydrocarbon production and use in the 21st century? 

ANS: Conventional oil reserves will become drastically depleted by the end of the century at 
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current rates of use. As oil becomes more scarce in the future, its price will undoubtedly go up; 

we will see more unconventional production of oil, and alternative sources of energy will have to 

be exploited.   We have greater reserves of natural gas globally and nationally and will likely be 

using more of this fuel in the future unless the use of nuclear and renewable sources is greatly 

expanded in the next few decades. 

 

15. Why don’t we use an average granite as a source for metals? 

ANS: The metals are too scarce within the rock and too diffusely spread among its constituent 

minerals for an average granite to be an economically viable source of metals. 

 

16. Describe various kinds of economic mineral deposits and how they form. 

ANS: Magmatic deposits form when ore minerals grow during the solidification of a melt; an 

example is a deposit of sulfide ore minerals at the base of a pluton. In hydrothermal deposits, ore 

minerals precipitate from hot-water solutions; gold flakes among quartz within veins of granite 

are an example. Secondary-enrichment deposits and MVT deposits precipitate from groundwater; 

they include the lead-rich deposits along the Mississippi River valley for which MVTs are named. 

Sedimentary deposits settle out of water; the prime example is the abundant banded iron 

formations found in outcrops of Proterozoic rock worldwide. Residual mineral deposits are the 

result of soil formation, typified by the bauxite ores of aluminum derived from ancient, highly 

weathered tropical soils. Placer deposits develop when metal grains accumulate in sediment, as 

when eroded gold nuggets and flakes become trapped within streambeds. 

17. What procedures are used to locate and mine mineral resources today? 

ANS: In settings deemed likely sites for ore deposits, the local strength of Earth’s gravitational 

and magnetic fields is assessed (ores are relatively dense and have high concentrations of 

magnetic minerals as compared to silicate rock). Rocks, soils, and plants are chemically analyzed 

to determine if unusually high metal concentrations are present. If a site looks promising for 

subsurface ore, geologists may drill test holes to sample the rock below.  If the mineral resource 

is close to the surface, explosives may be used to produce an open pit mine.  Deeply buried 

minerals require the construction of an underground mine through boring. 

18. How is stone cut from a quarry? 

ANS: Stone is cut from a quarry by hammering with wedges, cutting with a braided wireline saw, 

blasting the rock with jets of water, or heating the rock with a thermal lance. 
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19. What are the ingredients of concrete and brick, and where do they come from? 

ANS: Concrete consists of gravel, sand, and cement. Gravel and sand are quarried; cement is a 

mixture of lime, silica, iron oxide, and aluminum oxide, all of which are sourced from rocks, 

primarily limestone (cement is two-thirds lime). Bricks are made from clay minerals, which are 

abundant in rocks and sediments near the surface because they form through the weathering of 

abundant silicate minerals. 

20. Will the supply of mineral resources run out? Can a country survive without importing 

minerals?  

ANS: Mineral resources are nonrenewable, and thus they have finite lifetimes. Every nation must 

import at least some of the mineral resources they need. 

21. What are some environmental hazards of mining? 

ANS: Mining creates holes in the surface with associated tailing piles; mine waste may react with 

water to produce acid runoff. The chemical treatment of ore at the mine site and at smelters can 

lead to air pollution and water pollution.  

22. Name materials in your home that come from mineral resources. 

ANS: Answers will vary but may include metal pipes, pencil “lead,” coins and gold jewelry, 

bricks, and so on.  

On Further Thought 

23. Do you think it would make sense for an energy company to drill for oil in a locality where 

beds of anthracite occur in the stratigraphic sequence? Explain your answer.  

ANS: It is not sensible to expect to find anthracite and oil to co-occur. Anthracite forms at 

temperatures above 200°C, which is hotter than the oil window. Any oil that had formed would 

have been cooked off. 

 

24. An ore deposit at a location in Arizona has the following characteristics: One portion of the 

ore deposit is an intrusive igneous rock in which tiny grains of copper sulfide minerals are 

dispersed among the other minerals of the rock. Another nearby portion of the ore deposit 

consists of limestone in which malachite fills cavities and pores in the rock. What types of 

ores are these? Describe the geologic history that led to the formation of these deposits. 
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ANS: The first portion is a disseminated hydrothermal deposit. Hot groundwater dissolved 

copper and sulfide and redeposited it at scattered sites within the intrusion. The second portion 

represents a secondary-enrichment deposit. Copper was likely dissolved from the disseminated 

deposit by hot groundwater and transported to the limestone, where it combined with dissolved 

carbonate from the limestone to form malachite in the veins and pores. 
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