Chapter 6:
Energy in the Southwestern US
All Earth and life processes, including all human activities, depend on flowing
energy. The energy that drives internal Earth processes (such as tectonics)
comes from the internal heat generated by radioactivity, and generally energy
that drives surface and life processes comes from the sun. With the exception
of geothermal heat, energy used by humans – to move people and goods,
produce electricity, heat our homes and businesses, and manufacture things –
comes from the sun.
For most of human history, the way we captured and used energy changed
little. With very few exceptions*, materials were moved by human or animal
power, and heat was produced largely through the burning of wood. Nearly
all the energy to power human society was, in other words, biomass. But the
transition from brute force and wood burning to the various industrial sources of
energy— and the accompanying adoption of energy-intensive lifestyles—has
occurred remarkably quickly, in the course of just the last several generations.
This has caused changes in virtually every aspect of human life, from economics
to war to architecture. Much of the rural US was without access to electricity
until the 1930s, and cars have been around for only slightly longer. Our energy
system (how we get energy
and what we use it for) has
*Exceptions include the use
changed and is changing
of sails on boats by a very
remarkably quickly, though
small percentage of the world’s
some aspects of the energy
population to move people and
system are also remarkably
resistant to change.
goods, and the Chinese use of
The use of wind to generate
electricity,
for
example,
grew very quickly in the late
2000s and early 2010s. In
2002, wind produced less
than 11 million megawatt
hours (MWh) of electricity in
the US. In 2011, it produced
more than 120 million MWh—
more than 1000% growth
in ten years! That aspect of
change stands in contrast to
our long-lasting reliance on
fossil fuels, such as coal, oil,
and natural gas. Our reliance
on fossil fuels is driven by a
number of factors: the low

natural gas to boil brine in the
production of salt beginning
roughly 2000 years ago.
Wind and solar power, fossil
fuels, nuclear energy, and hydroelectricity are primary (natural)
energy sources: they occur in
nature.
Secondary energy sources, also
known as energy carriers, have
been transformed into energy
used directly by humans, such
as electricity and gasoline.

energy • the power derived
from the use of physical or
chemical resources.

heat • a form of energy
transferred from one body
to another as a result of a
difference in temperature or a
change in phase.

radioactivity • the emission of
radiation by an unstable atom.

biomass • organic material
from one or more organisms.

system • a set of connected
things or parts forming a
complex whole.

wind • the movement of air
from areas of high pressure to
areas of low pressure.

fossil fuels • fuel for human
use that is made from the
remains of ancient biomass.
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British Thermal Unit (BTu
or BTU) • the most commonly
used unit for heat energy.
One Btu is approximately the
amount of heat required to
raise one pound of water by
one degree Fahrenheit.

joule • the energy expended
(or work done) to apply a force
of one newton over a distance
of one meter.

kinetic energy • the energy of
a body in motion.

degrade (energy) • the
transformation of energy
into a form in which it is less
available for doing work, such
as heat.

watt • a unit of power
measuring the rate of energy
conversion or transfer
designated by the International
System of Units as one joule
per second.

chemical reaction • a
process that involves changes
in the structure and energy
content of atoms, molecules,
or ions but not their nuclei.
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upfront cost, very high energy densities, and the reliability and durability of the
infrastructure built to use fossil fuels.
Energy production and use not only changes over time, but also with geography,
as we will see by looking at energy production and use across different regions
of the US.

What do different units of energy mean?

Heat is energy, and heat is at the root of all the ways that we move materials or
generate light, so measurements of heat can be thought of as the most basic
way to measure energy. The British thermal unit (abbreviated Btu or BTU) is
the most commonly used unit for heat energy and is approximately the amount
of heat required to raise one pound of water by one degree Fahrenheit. A Btu
is also roughly 1055 joules, or the amount of energy released by burning a
single wooden match. A joule is the energy expended (or work done) to apply a
force of one newton over a distance of one meter. Since a typical apple weighs
approximately one newton, lifting an apple one meter requires approximately a
joule of energy. That means that one Btu—the energy contained in a wooden
match—is equivalent to the total amount of energy required to lift an apple
1000 meters, or one kilometer.
This comparison of the energy of heat to the energy of motion (kinetic energy)
might be a little confusing, but energy is transformed from one type to another
all the time in our energy system. This is perhaps most obvious with electricity,
where electrical energy is transformed into light, heat, or motion at the flip
of a switch. Those processes can also be reversed—light, heat, and motion
can all be transformed into
The principle of Conservation
electricity. The machines
that make those transitions
of Energy tells us that energy is
in either direction are always
neither created nor destroyed,
imperfect, so energy always
but can be altered from one
degrades into heat when it is
form to another.
transformed from one form to
another.
Another measure of energy, the kilowatt-hour (kWh), represents the amount
of energy required to light ten 100-watt light bulbs for one hour. Figure 6.1
compares different ways to make and use one kWh.

How do we look at energy in the Earth system?

The concepts used to understand energy in the Earth system are fundamental
to all disciplines of science; energy is an interdisciplinary topic. One cannot
study physics or understand biomes, photosynthesis, fire, evolution,
seismology, chemical reactions, or genetics without considering energy. In
the US, every successive generation has enjoyed the luxury of more advanced
technology (e.g., the ability to travel more frequently, more quickly, and over
greater distances). Especially as the global population grows and standards of
living increase in some parts of the world, so too does global energy demand
continue to grow.

Energy
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Figure 6.1: Examples of uses and sources of 1 kilowatt-hour.

Figure 6.2. US energy production sources and use sectors for 2011. Petroleum provides more
energy than any other source, and most of it is used for transportation. More energy is used to
generate electricity than for any other use, and electricity is generated by all five energy sources.
Nuclear is unique among sources in that all of the energy it generates goes to a single sector:
electric generation.
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petroleum • a naturally
occurring, flammable liquid
found in geologic formations
beneath the Earth’s surface.

natural gas • a hydrocarbon
gas mixture composed
primarily of methane (CH4),
but also small quantites of
hydrocarbons such as ethane
and propane.

coal • a combustible,
compact black or dark-brown
carbonaceous rock formed
by the compaction of layers
of partially decomposed
vegetation.

renewable energy • energy
obtained from sources that are
virtually inexhaustible (defined
in terms of comparison to
the lifetime of the Sun) and
replenish naturally over small
time scales relative to human
life spans.

nuclear • pertaining to a
reaction, as in fission, fusion,
or radioactive decay, that
alters the energy, composition,
or structure of an atomic
nucleus.

power • the rate at which
energy is transferred, usually
measured in watts or, less
frequently, horsepower.

236

Figure 6.2 shows the sources and uses of energy in the US, by sector. The
Energy Information Administration (EIA) categorizes energy as coming from
one of five sources (petroleum, natural gas, coal, renewable energy,
and nuclear electric power) and being used in one of four energy sectors
(transportation, industrial, residential & commercial, and electric power). All of
the energy that powers our society comes from one of these five sources and
is used in one of these four sectors.
The more we come to understand the Earth system, the more we realize that
there is a finite amount of consumable energy, and that harvesting certain
resources for use in energy consumption may have wide ranging and permanent
effects on the planet's life. Understanding energy within the Earth system is the
first step to making informed decisions about energy transitions.

Becoming "Energy Literate"

Energy is neither lost nor gained within the universe, but rather is constantly
flowing through the Earth system. In order to fully understand energy in our
daily lives—and make informed decisions—we need to understand energy
in the context of that
system. Becoming energy
Energy Literacy: Energy Princiliterate gives us the tools
ples and Fundamental Concepts
to apply this understanding
for Energy Education is a
to solving problems and
publication of the US Department
answering questions. The
of Energy. It can be accessed for
Seven Principles of Energy,
free online; see Resources for
as detailed in Energy
more information.
Literacy: Energy Principles
and Fundamental Concepts
for Energy Education are as
follows:
1

Energy is a physical quantity that follows precise natural
laws.

2

Physical processes on Earth are the result of energy flow
through the Earth system.

3

Biological processes depend on energy flow through the
Earth system.

4

Various sources of energy can be used to power human
activities, and often this energy must be transferred from
source to destination.

5

Energy decisions are influenced by economic, political,
environmental, and social factors.

6

The amount of energy used by human society depends on
many factors.

7

The quality of life of individuals and societies is affected by
energy choices.

Energy
Each principle is defined by a set of fundamental concepts that can help clarify
ties to curricula. Keeping these energy principles in mind when we teach others
about energy can help us contextualize and make relevant our own energy
consumption and its effect on the Earth system.

Energy in the Southwestern Regions
Within its majestic mountain ranges, roaring rivers, and expansive plateaus, the
Southwestern US is replete with energy resources. Coal, oil, and gas deposits
are extensive (Figures 6.3 and 6.4), especially in the the Colorado Plateau and
Great Plains regions. Utah, Colorado, and New Mexico all rank within the top
dozen producing states of both oil and natural gas, and within the top 15 in coal
production. The distribution of these resources is linked to the area's many
sedimentary basins, which have been host to the formation and trapping of
hydrocarbons at multiple intervals since the late Paleozoic (see Figure 6.6).
Uranium (the raw material used for fission in nuclear power plants) is locally
abundant (Figure 6.5), and it has been mined extensively, although nearly all of
the uranium collected in the Southwest is shipped to other states. There is only
one nuclear power plant in the Southwest, located near Wintersburg, Arizona.

Figure 6.3: Coal-producing areas of the Southwestern US. The Colorado Plateau is a particularly
significant coal-producing region. (See TFG website for a full-color version.)
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sedimentary rock •
rock formed through the
accumulation and consolidation of grains of broken rock,
crystals, skeletal fragments,
and organic matter.

Paleozoic • a geologic time
interval that extends from 541
to 252 million years ago.

climate • a description of the
average temperature, range
of temperature, humidity,
precipitation, and other
atmospheric/hydrospheric
conditions a region
experiences over a period
of many years (usually more
than 30).

topography • the landscape
of an area, including the
presence or absence of hills
and the slopes between high
and low areas.

Given its climate and topography, the Southwest has a reasonably high
capacity for generating solar and wind energy. Hydropower along major river
systems is also an important source of energy in some areas. Though these
sources are increasing rapidly, they remain a relatively small part of energy
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Figure 6.4: Areas of oil and gas production in the Southwestern US. The Colorado Plateau and
Great Plains are both significant fuel-producing regions.

Figure 6.5: Distribution of uranium deposits in the Southwestern US.
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Fossil Fuels
Fossil fuels—oil, natural gas, and coal—are made of the
preserved organic remains of ancient organisms. Coal
and lignite result from the burial, compaction, and heating
of preserved plant matter, whereas petroleum and natural
gas originate deep underground through a slow process
involving the low-grade heating of sedimentary source
rocks that contain an abundance of organic matter. In
either case, organic matter is only preserved when the
rate of accumulation is higher than the rate of decay.
This happens most often when the oxygen supply is
sufficiently low that oxygen-loving bacteria cannot thrive,
greatly slowing the breakdown of organic matter. In this
way, organic matter can be incorporated into the buried
sediment. The organics are compacted and heated with
the rest of the rock, eventually transforming into fossil
fuels.

6
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tree • any woody perennial
plant with a central trunk.

The history of surface environments, evolution of life, and
geologic processes beneath the surface have all influenced
where fossil fuel deposits formed and accumulated. The
largest oil and gas reserves were at one time nutrient-rich
seas with abundant surface phytoplankton and organicrich bottom sediments; the largest coal beds were swampy
environments where fallen forest trees and leaves were
buried in stagnant muds.

production in the Southwestern US. Some parts of the Southwest also have
a high potential for deep geothermal energy due to the proximity of areas of
active tectonism.
The majority of the Southwest's land is owned by the federal government, and
managed primarily by the Bureau of Land Management (BLM), National Park
Service, US Forest Services, and Bureau of Indian Affairs (BIA). Exploration
and mining for natural resources in these areas is extensively regulated,
and no energy is developed in National Parks, National Monuments, or a
variety of other wilderness areas. Because the Southwest is home to some
of the most magnificent National Parks and Monuments in the world, many
local governments and citizens have gone to great lengths to preserve it by
preventing and regulating energy development and mining projects.
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Cambrian • a geologic time
period lasting from 541 to 485
million years ago.

carbonate rocks • rocks
formed by accumulation of
calcium carbonate, often made
of the skeletons of aquatic
organisms.

Carboniferous • a geologic
time period that extends from
359 to 299 million years ago.

Permian • the geologic time
period lasting from 299 to 252
million years ago.

weathering • the breakdown
of rocks by physical or
chemical means.

silt • fine granular sediment
most commonly composed of
quartz and feldspar crystals.

Energy
Energy of the Colorado Plateau
Region 1

The Colorado Plateau's sedimentary basins have yielded oil, gas, and coal for
the past century, and they contain large reserves of additional oil that could
potentially be tapped through hydraulic fracturing and horizontal drilling. The
high average wind speed and solar intensity on the Colorado Plateau make
wind and solar energy potential future sources of electrical energy, but they
currently remain minor compared to existing coal and natural gas-powered
plants. A number of power plants are associated with hydroelectric dams along
the Colorado River system, and the region, particularly southeastern Utah, has
long been a source of uranium for use in nuclear power.

Oil and Gas

The Colorado Plateau contains numerous sedimentary basins, each of which
contains many organic-rich layers (Figure 6.6). It is possible to make sense of
why we find petroleum and natural gas in these areas by understanding the
region's geologic history. Mud with relatively high organic matter content tends
to accumulate in shallow continental seas and in coastal marine environments.
The history of the Southwest's sedimentary basins extends back to the Cambrian
period, when a broad shallow sea covered much of the area. Thick sequences
of carbonate rocks accumulated in these basins. During the Carboniferous
and Permian, as sea levels dropped and tectonic changes affected the
landscape, parts of these basins became more restricted. As land emerged and
weathered into silt and sand, layers of sandstones and organic-rich shales
were laid down and organic material was preserved on the seabed. When
seawater in the basins evaporated, evaporites were also deposited. With time,
pressure, and heat, organic material in the shale was changed into petroleum
and gas, and the organic-rich shales became source beds for hydrocarbons.
Later deposition of non-marine sandstones in the Mesozoic created additional
reservoirs for the oil. The Cretaceous saw the development of the Western
Interior Seaway, which accumulated additional organic-rich shales, along with
coastal coals, sandstones, and deeper marine limestones. Finally, terrestrial
sedimentation in large lake basins during the early Cenozoic trapped yet more
organic-rich sediments in lacustrine shales. The thick set of sediments that
built up over millions of years
created heat and pressure in
See Chapter 1: Geologic History
deeper layers, compacting
for more information about the
and "cooking" much of the
Western Interior Seaway.
organic matter into forms
that are now used as fuels.
Conventionally, finding oil and gas has not been as simple as finding organicrich rock layers. Oil and gas can flow both within and between rock layers,
wherever the number and size of paths between pores, fractures, and other
spaces (permeability) is large enough. Because oil and gas are under pressure
and are more buoyant than pore-filling waters, they will move gradually upward
to areas of lower pressure and will rise all the way to seeps at the surface
unless they are blocked by a caprock or seal—that is, one or more layers with

240

Energy
Oil and Gas
Oil and gas form from organic matter in the pores of
sediments subjected to heat and pressure. The organic
matter is primarily composed of photosynthetic plankton
that die and sink to the bottom of large water bodies in vast
numbers. Shale in particular is often organic rich, because
organic matter settles and accumulates in the same
places that mud (clay and silt particles) settles out of the
water. In most environments, organic matter is recycled
by bacteria before it can be buried, but the quiet waters
where mud accumulates are often relatively stagnant and
low in oxygen. In these places, the bacterial decay rate is
low relative to the rate of organic matter sinking and to
the rate that the organic matter becomes buried in muddy
sediments. Under such conditions, organic matter may
accumulate enough to make up several percent or more
of the deposited sediment.
Because oil and gas are under pressure, they will move
gradually upward to areas of lower pressure through tiny
connections between pore spaces and natural fractures in
the rocks. Reservoir rocks typically have a considerable
amount of pore space, and to be viable there must be a
way of trapping the oil and gas, such as through a geologic
structure or a change in rock type that will prevent the
resource from escaping. Often, natural gas and oil are
trapped below the surface under impermeable layers that
do not have sufficient spaces for liquids and gases to
travel through. Folds or “arches” in impermeable layers,
or faults in rock layers, are common ways of trapping oil
and gas below the surface.
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sand • granular sediment
most commonly composed
of weathered grains of quartz
and feldspar, of grain diameter
1/16 to 2 millimeters.

sandstone • sedimentary rock
formed by cementing together
grains of sand.

shale • a dark, fine-grained,
laminated sedimentary rock
formed by the compression of
successive layers of silt- and
clay-rich sediment.

evaporite • a sedimentary
rock created by the
precipitation of minerals
directly from seawater,
including gypsum, calcite,
dolomite, and halite.

lacustrine • of or associated
with lakes.
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anticline • a layer of rock
folded (bent) along an axis,
concave side down (i.e., in an
upside down "u" or "v" shape).

fault • a fracture in the Earth’s
crust in which the rock on one
side of the fracture moves
measurably in relation to the
rock on the other side.

porosity • the percentage
of openings in a body of
rock such as pores, joints,
channels, and other cavities,
in which gases or liquids may
be trapped or migrate through.

Devonian • a geologic time
period spanning from 419 to
359 million years ago.

Eocene • a geologic time
period extending from 56 to 33
million years ago.

Figure 6.6: Sedimentary basins across the Southwestern US contain significant fossil fuel
accumulations. (See TFG website for a full-color version.)

permeability so low that they effectively block the flow of liquids and gases. If the
fossil fuel happens to rise beneath a caprock in the shape of a concave surface
(such as an anticline or certain faults), the fossil fuels may accumulate in what
geologists call a "petroleum trap." Petroleum traps accumulate oil and gas in
porous sedimentary layers with thin natural fractures, called reservoirs. Most
oil and gas has been extracted using the conventional technique of searching
for such reservoirs and then drilling vertically into them, which allows the gas
or oil to come to the surface through the well pipe. Reservoirs in the Southwest
range from Devonian to Eocene in age.
The Paradox Basin of southeast Utah and southwest Colorado produces oil and
gas, as well as a variety of other mineral resources. The basin contains a thick
sequence of Paleozoic and Mesozoic sediments. Shallow marine carbonate rocks
of Devonian, Mississippian, and Pennsylvanian age act as primary reservoirs
for the basin's oil. The source rock for this oil is largely organic-rich shale that
is interbedded with the Pennsylvanian carbonates; the shale accumulated from
the eroded sediments of the Ancestral Rockies that were uplifted immediately
to the east. As oil migrated stratigraphically into the overlying sandstone,
it ultimately pooled in
reservoirs trapped under
See Chapter 5: Mineral Rea variety of impermeable
sources to learn about other
sedimentary deposits such
resources found in the Paradox
as
gypsum,
anhydrite,
Basin, including salts and
limestone, and dolomite.

uranium.
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The Paradox Basin contains substantial quantities of evaporites, particularly
halite, which greatly influenced the structure of petroleum traps in the basin.
These evaporites formed during an interval of repeated basin restrictions during
Pennsylvanian and Permian sea level fluctuations. These underlying salt
structures explain the geographic distribution of many oil and gas reservoirs
in the Paradox Basin. Impermeable rocks pushed up by salt domes became
caprock where oil could be trapped—this is the case in the Hermosa Formation
of southeastern Utah. Collapsed domes are also responsible for many of
the region's landscape features. For example, the name "Paradox Basin"
came from the paradoxical
observation that the Doloros
See Chapter 4: Topography to
River cuts across instead of
learn more about anticlines and
flowing down the landscape.
The river is superimposed
other structures that influence
upon a buried salt anticline
the Southwestern landscape.
that collapsed, leaving a long
dry valley now occupied by
the river (Figure 6.7).
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mineral • a naturally occurring
solid with a specific chemical
composition and crystalline
structure.

uplift • upward movement of
the crust due to compression,
subduction, or mountain
building.

Figure 6.7: The formation and partial collapse of a salt dome can trap fossil fuels and affect the
landscape.

Salt domes can also be used to store large quantities of oil and gas. Storage
caverns are created by injecting the salt with water to dissolve a cavity within
the salt structure—a process called solution mining (Figure 6.8). Many salt
domes along the Gulf Coast are used for this purpose; in the Southwest,
however, the first such storage complex is being developed by the Magnum Gas
Storage Project. The caverns, hollowed out of a 2100-meter-thick (7000-footthick) salt dome in Millard County, Utah, will be capable of storing 1.5 billion
cubic meters (54 billion cubic feet) of natural gas and will be connected to an
interstate natural gas pipeline system.
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fluvial • see outwash plain:
large sandy flats created
by sediment-laden water
deposited when a glacier
melts.

Jurassic • the geologic time
period lasting from 201 to 145
million years ago.

Figure 6.8: Solution mining is used to
create a storage cavern inside a salt
dome.

aeolian • pertaining to, caused
by, or carried by the wind.

cross-bedding • layering
within a bed in a series of
rock strata that does not
run parallel to the plane of
stratification.

The San Juan Basin of northwest New Mexico and southwest Colorado contains
important reservoir rocks for oil and gas, primarily late Cretaceous marine
sandstones associated with the Western Interior Seaway. The basin's reservoir
rocks also include late Cretaceous fluvial sandstones and coals associated
with the filling of the Seaway, Jurassic aeolian sandstones, and limestones
and sandstones in the shallow marine Pennsylvanian-age Paradox Formation.
Source rocks in the San Juan Basin are equally varied, including organic-rich
marine shales from the Paradox Formation and the Mancos and Lewis shales
of the Western Interior Seaway.
The Piceance Basin, located in northwest Colorado, and the Uinta Basin,
located in northeast Utah, also contain a wide variety of fossil fuel-bearing
deposits dating from the late Paleozoic to the early Cenozoic. These two
basins share much of their geological history—they are effectively part of the
same east-west trending basin that developed across the Utah-Colorado state
boundary during the late Cretaceous. The Rangely oil field, near the boundary
between the Uinta and Piceance basins, has been producing oil since the
1940s. Oil was discovered at the site in 1901, but the field was not developed
until after World War II due to its remoteness. Since development began there,
Rangely has produced nearly 800 million barrels of oil, and it was the most
prolific oil field in Colorado for many years. The oil at Rangely comes primarily
from the late Pennsylvanian and early Permian Weber Sandstone, which
includes permeable and porous cross-bedded aeolian dune deposits. The
source for this oil is probably Carboniferous strata deep in the Uinta Basin, or
the shales of the early Permian Phosphoria Formation. Some oil has also been
produced from the late Cretaceous Mancos Shale, deposited as part of the
Western Interior Seaway. Today, carbon dioxide (CO2) is injected into the field
to increase pressure in the depleted reservoir and enable more oil extraction.
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Salt Domes
Rock salt (the mineral halite) is solid and impermeable, but
when it is under very high pressure it can flow like a thick
liquid. When a layer of salt is buried under thousands of
meters (feet) of overlying sediment, it will start to deform.
Because it is less dense than the rocks above it, it flows
upward toward areas of lower pressure, forming geological
structures named for their shapes (e.g., domes, canopies,
tables, and lenses). Salt domes are extremely common
geologic features in the Colorado Plateau, and their origin
lies in the late Paleozoic, when salt was deposited through
the evaporation of shallow seas. Today, these salt-bearing
rocks are up to 3000 meters (10,000 feet) thick in some
areas, and are overlain by as much as 900 meters (3000
feet) of sedimentary rock.

density • a physical property
of minerals, describing the
mineral’s mass per volume.

kerogen • an immature, waxy,
solid organic material that
must be artificially heated to
convert it into synthetic oil.

As salt structures grow, they in turn influence the
topography of the surrounding landscape, creating zones
of uplift surrounding areas of subsidence, fractures, and
faults. When salt flows upward, it deforms the surrounding
strata, creating gaps in which oil and gas may pool and be
trapped. Oil and gas also accumulate under and along the
salt structures; salt domes have led to some of the most
prolific oil reservoirs in the US. In addition, due to their
inherent impermeability, the salt domes themselves are
often solution-mined (by pumping water underground to
dissolve the salt) to create caverns that have been used to
store petroleum, gas, and even chemical waste.

The Uinta and Piceance basins contain the largest oil shale deposits in the US.
These are part of the Green River Formation, where Eocene lacustrine deposits
overlie Cretaceous marine sediments from the Western Interior Seaway. These
Colorado and Utah oil shales formed during the greatest extent of Lake Uinta
in the Eocene, at a time of relatively high salinity in the lake and high algal
productivity. Within the Uinta Basin, some organic-rich Green River shales
have been buried deeply
See Chapter 3: Fossils to learn
enough to generate large
quantities of kerogen (a
more about the exceptionally
form sometimes described
preserved fossils found in the
as "waxy oil"). Some of this
Green River Formation.
kerogen migrated and was
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derrick • a lifting device in
the form of a framework steel
tower that is built over a deep
drill hole, typically an oil well.

helium • a gaseous chemical
element (He), which is the
second most abundant and
second lightest element in the
universe.

peat • an accumulation of
partially decayed plant matter.

subsidence • the sinking of
an area of the land surface.

alluvial • a layer of riverdeposited sediment.

Paleocene • a geologic time
interval spanning from about
66 to 56 million years ago.
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How does oil drilling work?
Once an oil trap or reservoir rock has been detected on
land, oil crews will prepare a broad, flat pad for equipment
and supplies around the area where the well will be drilled.
Once the initial site is prepared, an apparatus called a
drilling rig is set up. The rig is a complex piece of machinery
designed to drill through rock to a predetermined depth.
A typical drilling rig usually contains generators to power
the system, motors and hoists to lift the rotary drill, and
circulation systems to remove rock from the borehole
and lubricate the drill bit with mud. It also contains
high-pressure blowout prevention equipment to prevent
pressurized oil or gas from rising uncontrollably to the
surface after being tapped. The support structure used to
hold the drilling apparatus is called a derrick. In the early
days of oil exploration, drilling rigs were semi-permanent
structures and derricks were left onsite after the wells
were completed. Today, however, most rigs are mobile
and can be moved from well to well. Once the well has
been drilled to a depth just above the oil reservoir, steel
casing is cemented into the well to structurally reinforce it
and prevent leakage of petroleum into shallower aquifers.
Once the casing is set and sealed, oil is then allowed
to flow into the well, the rig is removed, and production
equipment can be put in place to extract the oil. The site
is then "reclaimed" (for example, restored to the original
habitat), leaving a small area for access to the well and
storage tanks.

trapped in porous sandy beds of the Wasatch and Green River formations,
while some is still found in its organic-rich Green River source rock. Because
the cost of processing oil shale into usable hydrocarbons is so high relative to
other forms of producing oil, oil shales have remained mostly untapped.
Gas is produced in the Colorado Plateau as a byproduct of oil extraction, and
from reservoirs in porous rock. In the Paradox Basin, gas is extracted from
Pennsylvanian and Permian sandstones; helium is also a byproduct of gas
extraction from the basin's Lisbon Field. The sands of the Cretaceous-aged
Mesaverde Group in the Piceance Basin have also yielded substantial volumes
of gas. Coals in the Williams Fork Formation of the Mesaverde Group have
been a major source of that gas, but the Mancos and Niobrara strata that
underlie the northern part of the Piceance Basin may also contribute to gas
production there.
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Oil Shale or Shale Oil?
It is unfortunate that two terms sounding as similar as
"shale oil" and "oil shale" are actually quite different kinds
of fossil fuel resources. Oil shale is rock that contains
an immature, waxy, solid organic material known as
kerogen (confusingly, it is not actually oil). Kerogen must
be artificially heated to convert it into synthetic oil or a
hydrocarbon gas. Thus, the whole rock layer, which may
or may not technically be shale, must be mined and/or
processed (possibly in situ) to produce synthetic oil. In
contrast, shale oil is mature oil trapped in the original shale
rock in which it formed. In this case, the source rock is
also the reservoir rock, because it is so impermeable that
the oil never escaped. This type of rock may be fractured
(e.g., by hydraulic fracturing) to provide pathways for the
oil to escape—ultimately into a drill bore.

Coal

Billion-ton coal deposits formed in the Colorado Plateau during the late
Cretaceous, as the Western Interior Seaway grew and shrank with sea level
and local tectonic changes. North American Cretaceous coals are nearly as
extensive as those of Carboniferous age, largely due to the widespread extent
and long history of the Western Interior Seaway. The thickest coals accumulated
as peat in coastal swamps while the basins in the area subsided, and others
accumulated farther inland on alluvial plains. Some later Paleocene coals were
also deposited in intermontane basins. These Cretaceous and Paleocene
deposits are typically high-volatile (low-grade) bituminous coals. Most of the
region's coals are deeply buried toward the centers of the major basins, and
crop out around the exposed edges of the Piceance Basin in Colorado, the
Kaiparowits and Uinta basins in Utah, the Black Mesa Basin in Arizona, and
the Raton and San Juan basins in Colorado and New Mexico (see Figure 6.3).
Coal mining has continued for over 115 years in some of these basins.
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intermontane • between or
among mountains.

bituminous coal • a relatively
soft coal containing a tarlike
substance called bitumen,
which is usually formed as
a result of high pressure on
lignite.

coalification • the process
by which coal is formed
from plant materials through
compression and heating over
long periods of time.

aquifer • a water-bearing
formation of gravel, permeable
rock, or sand that is capable
of providing water, in usable
quantities, to springs or wells.

Since approximately 1980, large reserves of natural gas have been exploited in
tandem with coal seams. This gas, called coalbed methane, is a byproduct of the
process of coalification, and it accounts for over 5% of US methane production.
Coal seams have long been vented to protect underground coal miners from
potentially explosive build-ups of methane (CH4, the primary gas in "natural
gas") released from fissures around the coal. While long considered primarily
a hazard to be mitigated in subsurface mines, methods have been developed
to trap the methane as an additional energy source. In deep subsurface coal
seams, water saturates fractures (or cleats) in the seam, making the seam an
aquifer (which in some places may be clean enough to be part of the local
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compression • flattening or
squeezing as a result of forces
acting on an object from all or
most directions.

anthracite • a dense, shiny
coal that has a high carbon
content and little volatile
matter.

Energy
Coal
As leaves and wood become more deeply buried, pressure
on them builds from overlying sediments, squeezing and
compressing them into coal. The coal becomes gradually
more enriched in carbon as water and other components
are squeezed out: peat becomes lignite, bituminous, and
eventually anthracite coal, which contains up to 95%
carbon. Anthracite has the fewest pollutants of the four
types of coal, because it has the highest amount of pure
carbon. By the time a peat bed has been turned into a layer
of anthracite, the layer is one-tenth its original thickness.
The Carboniferous period takes its name from the carbon
in coal. Globally, a remarkable amount of today's coal
formed from the plants of the Carboniferous, which
included thick forests of trees with woody vascular
tissues.
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water supply). If there is sufficient water pressure, methane present within the
coal fractures may be trapped in the coal. To extract this methane, water can be
removed via wells, thereby reducing pressure and allowing methane to escape
toward lower pressures along the well bore (Figure 6.9). Methane is then
separated from the water. After the water is removed it may take some years for
the aquifer to be recharged, that is, refilled with water from rain at the surface
that filters down to the aquifer. Coal bed methane accounts for over 5% of US
methane production. Production rates for coalbed methane climbed steeply
beginning in the early 1990s, though in recent years they have decreased both
in absolute and relative quantity as shale gas production has increased. Some
subsurface coals on the Colorado Plateau are significant sources of coalbed
methane. For example, gas from the Fruitland Formation in the San Juan Basin
is among the largest non-shale gas sources of natural gas in the US, and is by
far the largest coalbed methane source in the country. Another notable coalbed
gas-producing area is the Ferron Sandstone Member of the Mancos Shale, in
the southwestern part of the Uinta Basin.
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Triassic • a geologic time
period that spans from 252 to
201 million years ago.

breccia • a pyroclastic
rock composed of volcanic
fragments from an explosive
eruption.

karst topography • a kind of
landscape defined by bedrock
that has been weathered by
dissolution in water, forming
features like sinkholes, caves,
and cliffs.

Figure 6.9: Coalbed methane
produc-tion involves using water
or other fluids to reduce pressure
on the coal seam by creating a
crack through which the methane
can escape into a well.

Alternative Energy

The Paradox Basin contains uranium in the Triassic and Jurassic fluvial
sandstones of the Chinle and Morrison formations. Other deposits include
breccia pipes in northwest Arizona, which are sediment-filled cavities in ancient
karst terrain. Uranium was actively mined in the second half of the 20th century
as a source fuel for nuclear energy, though mining has significantly declined
since (in part due to more stringent environmental regulations). Uranium mining
and processing in the Four Corners area has continued irregularly in the late
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20th and early 21st centuries,
influenced
primarily
by
uranium
prices.
Almost
all uranium mined in the
Southwest is exported; there
are no nuclear power plants
in the Colorado Plateau.

See Chapter 5: Mineral Resources for more information
about uranium mining in the
Southwest.

The Colorado River and its tributaries provide the Southwest with the potential
for hydroelectric power (Figure 6.10), which uses the gravitational force of falling
or rushing water to rotate turbines that convert the water's force into energy.
There are also several pumped storage facilities within the region, where water
is pumped uphill into reservoirs in times of excess production, essentially acting
as batteries. Many of the hydroelectric plants scattered through the Colorado
Plateau are associated with the topographic drop along the region's rim. The
most notable is the Glen Canyon Dam (Figure 6.11) near the Arizona-Utah
state line, which provides an average of 3.4 billion kWh per year. The massive
concrete dam was completed
in 1966 and retains Lake
See Chapter 4: Topography to
Powell, the second largest
learn more about the Colorado
reservoir in the United
River and its tributaries.
States, with a capacity of 30
billion cubic meters (1 trillion
cubic feet).

Figure 6.10: Hydroelectric power plants in the Southwestern US.
(See TFG website for a full-color version.)
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rift basin • a topographic
depression caused by
subsidence within a rift.

Figure 6.11: The Glen Canyon Dam in Coconino County, Arizona, with Lake Powell in the distance.
The concrete arch of the dam is 220 meters (710 feet) high and 48 meters (1560 feet) wide.

The Colorado Plateau has only a fragmented capacity for wind energy (see
Figure 6.22), but it does host a few wind farms. The Dry Lake Wind Power
Project in Navajo County, Arizona was the state's first utility scale wind farm,
and generates approximately 127 MW of power. Perrin Ranch Wind Farm
in Coconino County, Arizona, also generates approximately 100 MW. A few
smaller plants are found in the Colorado Plateau of Utah and New Mexico.

Energy of the Basin and Range
Region 2

The Basin and Range produces nuclear energy and has significant potential for
both geothermal energy and solar energy, which has been expanding rapidly.
The region also develops energy from the Colorado River, which runs along
the western boundary of Arizona and Nevada. Due largely to complex active
tectonics, much of the Basin and Range region has poor prospects for fossil
fuel production. In southern Arizona and New Mexico, the Pedregosa Basin—
and the early Cretaceous rift basins that have been superimposed upon it—
contains a thick sequence of upper Paleozoic rocks, including carbonates and
black shales. The rocks in this basin have not been found to have commercially
significant petroleum or coal deposits.

Solar Power

Solar power in the Southwest has grown extremely quickly in recent years,
thanks to the solar resources located in the Basin and Range. The Sonoran
251

6
Region 2
mantle • the layer of the Earth
between the crust and core.

convection • the rise of
buoyant material and the
sinking of denser material.

plate tectonics • the process
by which the plates of the
Earth’s crust move and
interact with one another at
their boundaries.

Energy
Desert extends through southern Arizona and the Chihuahuan Desert from
southern New Mexico into the southeastern tip of Arizona; both of these deserts
make for prime solar energy territory (Figure 6.12). Between 2010 and 2015,
Arizona increased its installed solar capacity from 110 MW to 2303 MW; today,
it produces 13.3% of the country's solar power and is ranked second in the
nation for solar electric generation (behind California). By contrast, New Mexico
and Utah currently have only 365 and 255 MW of installed solar capacity,
respectively. New Mexico expects to install another 1428 MW of solar capacity
over the next five years, more than five times the amount installed over the past
five years. While production of solar electric power has grown exponentially in
Arizona and in the US as a whole, more than half of the country's solar electric
production is found in California. The total US output of solar power is also still
dwarfed by other sources. For example, in August 2015, five times more electric
power was produced in Florida from burning natural gas than the entire country
produced from solar power that month, and in Arizona, the explosive growth of
solar production brought electric production from non-hydro renewables to just
3.8% of the state's total.

Figure 6.12: Locations of existing photovoltaic power plants overlaid on a map of the annual
average solar resource for the Southwestern US. (See TFG website for a full-color version.)

The Basin and Range holds some of the world's largest photovoltaic power
plants, though most of these large-scale plants are found in California or
Nevada. The Agua Caliente solar project in Yuma County, Arizona currently has
a 348 MW capacity, and a much larger project of 1.2 GW has been proposed
just across the Arizona-California border in Needles. The Solana Generating
Station near Gila Bend, Arizona is a 295 MW plant that uses parabolic mirrors to
concentrate a large area of sunlight into a relatively small area (Figure 6.13). As
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this concentrated light is converted to heat, it drives a turbine that is connected
to a power generator. The Solana Generating Station was the first solar plant in
the US to use molten salt as a means of storing thermal energy.
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Region 2
subduction • the process
by which one plate moves
under another, sinking into the
mantle.

hot spot • a volcanic
region thought to be fed by
underlying mantle that is
anomalously hot compared
with the mantle elsewhere.

crust • the uppermost, rigid
outer layer of the Earth.

Figure 6.13: More than 3200 mirrored parabolic troughs are used to concentrate light and heat at
the Solana Plant in Gila Bend, Arizona

Geothermal Energy

Geothermal energy comes from heat within the Earth, which is created on an
ongoing basis by radioactivity. This energy powers mantle convection and
plate tectonics. The highest-temperature conditions exist in tectonically active
areas, including the Basin and Range, Iceland (a mid-Atlantic ridge), Japan
(an area of subduction), and Hawaii and Yellowstone (areas with hot spots).
Warm springs associated with tectonic activity in the Basin and Range have
been enjoyed by the region's inhabitants for hundreds of years, beginning with
Native Americans. This tectonic thermal energy is associated with a thinning of
the crust, high heat flow relatively close to the surface, and groundwater that
has been heated by cooling intrusive volcanic rocks. The heat of the Basin and
Range has become the basis for both geothermal power plants and "direct use"
operations (that is, use of geothermal energy at the site where it is generated).
Typical examples of direct use include geothermally heated greenhouses,
swimming pools, and buildings. Western Utah has several geothermal plants
and many direct use facilities (Figures 6.14 and 6.15), and is the third leading
producer of geothermal energy in the US (behind California and Nevada, where
geothermal energy is also
associated with the Basin
See Chapter 1: Geologic History
and Range). New Mexico is
for more information about
also beginning to develop its
tectonic activity in the Basin
geothermal resources.

intrusive rock • a plutonic
igneous rock formed when
magma from within the Earth’s
crust escapes into overlying
strata.

volcanism • the eruption of
molten rock onto the surface
of the crust.

and Range.
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Figure 6.14: Researchers from the University of Utah test a geothermal plant’s wastewater
injection flow in order to optimize steam production and improve the plant’s capacity.

Figure 6.15: Geothermal energy resources in the Southwest.
(See TFG website for a full-color version.)
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Geothermal power stations use steam to power turbines
that generate electricity. The steam is created either by
tapping a source of heated groundwater or by injecting
water deep into the Earth where it is heated to boiling.
Pressurized steam is then piped back up to the power
plant, where its force turns a turbine and generates power.
Water that cycles through the power plant is injected back
into the underground reservoir to preserve the resource.
There are three geothermal sources that can be used
to create electricity. Geopressurized or dry steam
power plants utilize an existing heated groundwater
source, generally around 177°C (350°F) in temperature.
Petrothermal or flash steam power plants are the most
common type of geothermal plant in operation today,
and they actively inject water to create steam. Binary
cycle power plants are able to use a lower temperature
geothermal reservoir by using the warm water to heat
a liquid with a lower boiling point, such as butane. The
liquid butane becomes steam, which is used to power the
turbine.
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Other Alternative Energy

Arizona ranks 10th in the US for hydropower generation, with 13 hydro and
pumped storage facilities producing approximately 663 gigawatt-hours
(GWh) of power for the state's energy supply, though this only accounts for
approximately 6% of the state's demand. Arizona's largest hydropower plant is
the Hoover Dam, located on the Colorado River bordering Arizona and Nevada.
When built in the 1930s it was the world's highest dam, largest electric-power
generating station, and largest concrete structure. The plant's total power
generating capacity is approximately 2 GW, and it is the sixth largest among
US hydroelectric power stations. Approximately 20% of the Hoover's generated
power goes to Arizona; another 25% goes to Nevada, and the rest is used by
California.
The Palo Verde Nuclear Generating Station (Figure 6.16) near Tonopah,
Arizona is the largest nuclear power facility in the US, producing approximately
3.3 GW of power annually and serving more than four million people. This plant
is also unique in that it is the only large nuclear power plant in the world that
does not use a nearby body of water for cooling; rather, it evaporates water
from the treated sewage of nearby cities. The Palo Verde plant uses 76 billion
liters (20 billion gallons) of evaporated treated sewage water per year.
Though space is available for wind farms, wind potential is relatively low in
the Basin and Range, especially when compared to the Great Plains (see
Figure 6.22). The only large-scale wind farm in the Basin and Range region

Figure 6.16: An aerial
view of the three reactors at Arizona’s Palo
Verde Nuclear Generating Station. Each
reactor has a generating
capacity of 1.27 GW.
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is the Milford Wind Corridor Project in southwestern Utah, with a generating
capacity of approximately 300 MW. Other smaller-scale projects are scattered
throughout Arizona and New Mexico (Figure 6.17).

6
Region 2

Figure 6.17: The Macho Springs Wind Farm in Luna County, New Mexico has 28 turbines and
produces approximately 50 MW of power.

Wind Energy and Landscape
Economically useful wind energy depends on steady
high winds. Variation in wind speed is in large part
influenced by the shape and elevation of the land surface.
For example, higher elevations tend to have higher wind
speeds, and flat areas can allow winds to pick up speed
without interruption; thus high plateaus are especially
appropriate for large wind farms. Since plateaus with
low grass or no vegetation (or water bodies) have less
wind friction than do areas of land with higher crops or
forests, they facilitate higher winds. For all these reasons,
the Great Plains region has high average wind speeds
throughout its extent.
The Rockies and the Basin and Range, however, may have
locally high wind speeds that can support strategically
placed wind farms. For example, constricted valleys
parallel to wind flow may funnel air into high velocities.
Elevated ridges perpendicular to wind flow can also force
fast winds across them. Thus, the wind velocities of these
areas can vary geographically in quite complicated ways.
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Laramide Orogeny • a period
of mountain building that
began in the Late Cretaceous,
and is responsible for the
formation of the Rocky
Mountains.

Energy
Energy in the Rocky Mountains
Region 3

The high topography of the Rocky Mountains provides context both for
hydroelectric power and wind energy. The same rugged peaks and valleys
that contribute to localized high winds also make large-scale wind energy
development difficult. The Rocky Mountains region is also known for coal, oil,
and gas, in this case from large marine and freshwater sedimentary deposits in
the Greater Green River Basin.

Oil and Gas
fossil • preserved evidence of
ancient life.

delta • a typically wedgeshaped deposit formed as
sediment is eroded from
mountains and transported
by streams across lower
elevations.

marl • a fine-grained
sedimentary rock consisting of
clay minerals, calcite and/or
aragonite, and silt.

Petroleum resources are extracted in the Sand Wash Basin (see Figure 6.6), a
southern lobe of the Greater Green River Basin (the bulk of which is located in
Wyoming). The Greater Green River Basin is itself made up of several smaller
basins and arches between them, formed during the Laramide Orogeny from
the end of the Cretaceous period into the Eocene. The basin is known for its
Eocene-aged surface rocks that contain both mineral and fossil fuel resources,
along with its unusually well-preserved terrestrial fossils in the Green River
Formation. Fossil fuels, thought to be derived from blue-green algae living in
ancient lakes, are found in particularly thick sequences of Eocene oil shale.
The Green River Formation hosts the world's largest known oil shale deposits.
The North Park Basin contains Paleozoic and Mesozoic strata, especially
deposits laid down by the Western Interior Seaway. Oil and natural gas have
long been extracted conventionally at the North and South McCallum oil
fields, from the basin's Cretaceous-aged deltaic sandstones (Figure 6.18). In
recent years, unconventional
drilling of the late Cretaceous
See Region 4: Great Plains later
Niobrara Shale has drawn
in this chapter to learn more
attention to the organic-rich
about unconventional drilling
calcareous shale and marl
methods.
in the North Park and Sand
Wash basins.

Alternative Energy

Since the Rocky Mountains provide an abundance of water to lower areas in
the east and west, hydroelectric power is substantial in this area (see Figure
6.10). The Colorado River and its tributaries, including the Gunnison River and
the Uncompahgre River, provide the potential for much of the Rocky Mountains'
hydropower. Over 20 plants produce more than 300 MW of energy for the
region. Two large pumped storage stations, Cabin Creek (324 MW) and Mount
Elbert (230 MW), are also located in the Colorado Rockies (Figure 6.19).
The Rocky Mountains region has some of the highest potential for wind energy
in the US (see Figure 6.22), though the area's terrain and lack of infrastructure
has made tapping into this resource challenging. There are currently no largescale wind power projects in the Southwestern Rocky Mountains.
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Figure 6.18: A natural gas drilling rig in the North Park Basin, Colorado.

Figure 6.19: The Mount Elbert pumped storage power plant in Twin Lakes, Colorado. The plant
generates power from water originally pumped from Twin Lakes and Turquoise Lake.
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inland sea • a shallow sea
covering the central area of
a continent during periods of
high sea level.

chalk • a soft, fine-grained,
easily pulverized, white-tograyish variety of limestone,
composed of the shells of
minute planktonic single-celled
algae.

Energy
Energy in the Great Plains
Region 4

The Great Plains region is a broad expanse of flat land underlain by thick
sequences of sedimentary rock and primarily covered in grassland and prairie.
Ancient sedimentation patterns and tectonic activity have favored the placement
of widespread fossil fuel resources in this region. Organic-rich sediments were
deposited in inland seas that spread across much of the region, and Cenozoic
swamps contributed plant matter to form thick beds of coal. The Great Plains'
sedimentary basins contain vast oil, gas, and coal reserves that dominate
energy production here (see Figures 6.3 and 6.4), but the area's topography
and climate also make it favorable for large wind farms.

Oil and Gas

The Southwest is rich in fossil fuel resources, in part because of its history as
an area of deposition. A variety of fine-grained organic-rich shales and coals,
porous sandstones, and carbonate rocks—all excellent reservoirs and source
rocks for fossil fuels—are found in the Great Plains' sedimentary basins. In this
area, many vertically stacked reservoir rocks can be accessed through one
well due to the large thicknesses of sedimentary rocks in these basins.
The Denver Basin is, in area, the largest of the basins in the Southwestern
states, covering a large part of northeastern Colorado and the corners of
Wyoming, Nebraska, and Kansas where they intersect Colorado. The Denver
Basin contains thick sequences of Pennsylvanian through Paleocene rocks, as
well as Cretaceous sediments from the Western Interior Seaway. Oil and gas
have been produced from the basin since 1901, when oil was discovered in
the Cretaceous Pierre Shale near Boulder (Figure 6.20). Just north of Denver,
the Wattenberg Gas Field has been a major producer of natural gas since the
1970s, and has produced more than 113 billion cubic meters (4 trillion cubic
feet) of natural gas. It is the ninth largest source of natural gas in the United
States. Other well-known reservoir formations in the basin include the early
Cretaceous Muddy Sandstone and the late Cretaceous Codell Sandstone.
Directly overlying the Codell Sandstone is the fine-grained Niobrara Formation.
The Niobrara is formed of considerable chalk deposits, made up of the
fine-grained carbonate skeletons of phytoplankton, and of shale weathered
from mountains to the west. The Niobrara Formation was deposited in the
deepest parts of the Western Interior Seaway, along its eastern margin;
it is so widespread that it occurs in three of the four Southwestern regions
in the Southwest (the Great Plains, Rockies, and Colorado Plateau) and in
all the major Southwestern basins except the Permian Basin. The formation
has been a major reservoir for oil and natural gas since the 1920s, and it
has been drilled most intensively in the Denver Basin, particularly in Weld
County. In the past decade, oil production rates in the Niobrara Formation have
expanded enormously through the application of "unconventional" drilling,
using horizontal drilling combined with high volume hydraulic fracturing. This
method fractures rocks beneath the surface, releasing gas and oil trapped in
source rocks that have very low permeability (also known as "tight" layers).
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Figure 6.20: An oil pumpjack in the Pawnee National Grasslands, Colorado, part of the Denver
Basin.

Hydraulic fracturing uses high volumes of water introduced at high pressure
through horizontal wells along the source rock layer, to create thousands of
tiny fractures (Figure 6.21). Most horizontal wells are drilled where the source
rock is approximately 100–150 meters (330–490 feet) thick. The fractures
are held open by small grains of sand carried by gel in the water, increasing
its viscosity. A number of chemicals are added to the water to increase the
recovery of fossil fuels, including a chemical to reduce friction as the mixture
is introduced (thus the term "slickwater"). "Slickwater, high-volume hydraulic
fracturing"—often shortened to "hydraulic fracturing" or simply "fracking"—has
greatly increased the accessibility of available fossil fuel resources and the
production rate of oil and gas. It has also been controversial, in part because
of the use of large volumes of water, concerns about protection of shallow
aquifers, the proper disposal of flow-back fluids, and associated environmental
impacts. Unconventional drilling through low-permeability source rock layers
has generated shale gas and shale oil booms around the US.
Another unconventional fossil fuel source in Colorado and Utah is Eoceneaged "oil shale" (as opposed to shale oil, see box on p. 247), in which the
immature source rock is mined and heated to generate liquid hydrocarbons.
This resource has been known and produced for many years elsewhere in
the world, but has only recently been extracted in the Southwest because it is
generally only economically viable to do so during times of high oil prices. Oil
shale is more expensive to produce per unit of energy than oil and gas obtained
through regular extraction, and has similar environmental consequences.
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dolostone • a rock primarily
composed of dolomite, a
carbonate mineral.

reef • a feature lying beneath
the surface of the water,
which is a buildup of sediment
or other material built by
organisms, and which has
positive relief from the sea
floor.

Figure 6.21: Oil wells (not to scale). A) A conventional vertical well. B) An unconventional horizontal
well. Hydraulic fracturing may be carried out along horizontal wells running for 1.6 kilometers (1
mile) or more along layers with oil or gas trapped in pore spaces.

The Permian Basin, present partly in southeast New Mexico with a larger portion
in western Texas, contains one of the world's thickest Permian rock sequences
and accounts for nearly a fifth of US crude oil production. The "Greater" Permian
Basin is composed of several sub-basins and other structural features: one of
the two primary basins, the Delaware Basin, is present in southeast New Mexico
(parts of Eddy and Lea Counties) and the western tip of Texas; the Midland
Basin, located entirely in Texas, is the other. It contains a thick sequence of
limestones and dolostones from reef and adjacent carbonate environments,
together with evaporites, sandstones, and other reservoir structures that allowed
hydrocarbons to accumulate. The Permian Basin's source rocks are largely
organic-rich, shaly carbonates interbedded within the sequence. The first oil
wells in the Permian Basin, in both New Mexico and Texas, were completed
in the 1920s, and exploration in the 1940s led to significant production by
the 1950s. In the past two decades, unconventional drilling in a number of
carbonate-rich formations has increased oil production further. In New Mexico,
new drilling has focused on Delaware Basin carbonates and a structure known
as the Northwest Shelf, an area where shallow marine sediments accumulated
just northwest of the Delaware Basin. Other formations of special interest
include the early Permian Wolfcamp Formation, which occurs throughout the
Permian Basin, as well as the
more locally occurring early
See Chapter 3: Fossils to learn
Permian Glorieta-Yeso, Abomore about the ancient reefs of
Yeso, and Bone Spring
the Permian Basin.
formations, and the late
Permian Delaware Group.
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Significant amounts of coal are found in the Raton Basin, which lies along
the boundary of Colorado and New Mexico. The basin contains a sequence
of sediments that accumulated over a similar time interval to those of the
Denver Basin. Cretaceous-aged coals in the Vermejo Formation formed along
the Western Interior Seaway's deltas, and Cretaceous-Paleocene coals of the
Raton Formation formed in swampy alluvial environments after the Western
Interior Seaway retreated. Raton Basin coals have been mined since the 1870s.
Coal mining declined substantially by the 1950s (Figure 6.22), but extraction
of coalbed methane from the same formations began in the 1980s. For a time,
coalbed methane from the Raton Basin became one of the largest sources of
natural gas in the US, though it has since been eclipsed by the shale gas boom.
Bituminous and lignite coals have historically been extracted from the Denver
Basin, but coal mining ended there in 1979.

6
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lignite • a soft, brownish-black
coal in which the alteration of
plant matter has proceeded
farther than in peat but not as
far as in bituminous coal.

Figure 6.22: Ovens in Cokedale, Colorado, used to produce a fuel called coke by baking bituminous
coal. The coal mines and coke ovens of Cokedale ceased operation in 1946.

Alternative Energy

The Great Plains (in this case referring to the full area that runs from Texas to
Montana and into Canada) has been called the "Saudi Arabia of Wind Energy,"
at least in terms of potential (Figure 6.23). Wind energy provides approximately
a third of the renewable energy produced in the US, with hydroelectric
representing approximately half; solar, geothermal, and biomass account for
the remaining sixth. In contrast to hydroelectric, wind energy is growing rapidly:
it grew tenfold on a national scale from 2004 to 2014, and wind farms on the
Great Plains played a significant role in that growth. In the Southwest, the two
Great Plains states are among the top 19 states for wind energy as a percentage
of state electricity generation (Colorado 14%, New Mexico 6%). This is all the
more remarkable considering the rate of local petroleum and coal extraction.
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Figure 6.23: Wind energy potential in the Southwestern US, with locations of active wind farms.
(See TFG website for a full-color version.)

Wind energy is strong and persistent on the high plains and the uplands of
eastern Colorado and New Mexico. There are especially consistent high wind
speeds in the upland area of northeastern Colorado, northeast of Denver,
where over half-a-dozen wind farms of over 200 MW each have been built.
The largest wind farm in the state, the Peetz Table Wind Energy Center, has
a capacity of 430 MW. All together, the wind farms of Colorado's Great Plains
make the state 10th in the nation for total wind energy. New Mexico's largest
wind farm, the 250 MW capacity Roosevelt Wind Farm, is located on the Great
Plains south of Clovis; the plant began operation in December 2015.
While the Great Plains also provide good opportunities for solar power capacity,
this industry is still in the early stage of development in the region and only
produces approximately 80 MW annually.

Energy Facts by State
Because of many local laws and guidelines, energy production and use is
highly dictated by each state government. On the following pages, you will find
a state by state assessment of energy use and production in the Southwestern
US (from http://www.eia.gov/state/).
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Arizona
•

Arizona's Palo Verde Nuclear Generating Station, rated at 3.937 net GW,
is the largest nuclear power plant and the second largest power plant of
any kind in the nation.

•

Arizona's only operating coal mine, Kayenta, on the Navajo and Hopi
reservations, supplies the 6.4 to 7.3 million metric tons (7 to 8 million tons)
burned annually by the Navajo Generating Station's three 750 MW units.

•

Approximately 25% of the energy consumed in Arizona homes is for air
conditioning, which is more than four times the national average of 6%,
according to EIA's Residential Energy Consumption Survey.

•

Arizona, the 15th most populous state, ranked 44th in the nation in per
capita energy consumption in 2013, partly because of the state's small
industrial sector.

•

Arizona ranked second in the nation in utility-scale electricity generation
from solar energy in 2014.

•

Arizona's Renewable Environmental Standard requires 15% of the state's
electricity consumed in 2025 to come from renewable energy resources;
in 2014, 8.9% of Arizona's net electricity generation came from renewable
resources, primarily from the Glen Canyon and Hoover dams.

6
State Facts

Arizona Energy Consumption Estimates, 2014
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Colorado
•

Colorado's vast fossil fuel resources include the Niobrara Shale, with resource
estimates running as high as two billion barrels of oil.

•

Average household energy costs in Colorado ($1551 per year) are 23% less
than the national average, primarily due to historically lower natural gas prices
in the state, according to EIA's Residential Energy Consumption Survey.

•

From 2004 to 2014, crude oil production in Colorado more than quadrupled; in
the same period, marketed natural gas production rose 51%.

•

In 2014, 60% of the electricity generated in Colorado came from coal, 22%
from natural gas, and 18% from renewable energy resources.

•

Colorado's Renewable Energy Standard requires investor-owned electric
utilities to provide 30% of electricity sold from renewable energy sources by
2020, with 3% coming from distributed generation.

•

In 2014, Colorado's grid-connected solar photovoltaic capacity of 430 MW
was the ninth largest in the United States, and the state obtained nearly ten
times as much net generation from solar power as it did just five years earlier
in 2009.

Colorado Energy Consumption Estimates 2014
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New Mexico
•

New Mexico has 26% of the nation's coalbed methane proved reserves,
second only to Colorado in the United States.

•

Excluding federal offshore areas, New Mexico ranked sixth in crude oil
production in the nation in 2014.

•

New Mexico's marketed production of natural gas accounted for 4.3%
of U.S. marketed natural gas production in 2014, despite a decline in
production of 30% from its 2001 peak.

•

In 2014, New Mexico ranked sixth in the nation in utility-scale electricity
generation from solar energy.

•

New Mexico's Renewable Portfolio Standard requires that 20% of all
electricity sold by investor-owned electric utilities, and 10% sold by
cooperatives, come from renewable energy resources by 2020; in
2014, renewable energy supplied 9.3% of the electricity generated in
the state.
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New Mexico Energy Consumption Estimates, 2014
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Utah
•

Utah's five refineries process crude oil primarily from Utah, Colorado,
Wyoming, and Canada; the UNEV pipeline, opened in late 2011, is
the first to connect Utah's refineries to Las Vegas, the largest city in
Nevada.

•

Utah produced 1.7% of U.S. coal in 2013 and shipped 27% of that
production out of the state, of which nearly one-third was exported.

•

In 2014, for the first time, coal produced only 76% of Utah's net electricity
generation and natural gas produced 19%. State planners expect the
natural gas share to continue rising as older coal units are shut down.

•

Utah had the 10th lowest average electricity prices in the nation in 2014.

•

Utah has a voluntary goal of using cost-effective eligible renewable
energy resources to provide 20% of their 2025 adjusted retail electric
sales; in 2014, 4.3% of net electricity generation came from renewable
resources.

Utah Energy Consumption Estimates, 2014
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Energy and Climate Change
The Future of Energy in the US

Americans have come to rely on a diverse and abundant energy system, one
that provides a continuous supply of energy with few interruptions. However,
climate change is projected to play a big part in altering our supply, production,
and demand for energy. Increases in temperatures will be accompanied by an
increase in energy for cooling, while projected increases in the occurrence of
hurricanes, floods, tornados, and other extreme weather events will continue
to have a significant effect on the infrastructure of power grids and energy
delivery systems. Drought and water shortages are already affecting energy
production and supply. For example, in the Northeast, mild winter temperatures
prior to the winter of 2013–2014 had decreased energy demands for heat,
but they did not fully offset increased demands for cooling, and the regionally
harsher winter of 2013–2014
saw increased demands for
See Chapter 8: Climate for
heating fuels. These types
more information about climate
of disruptions affect us
change and its effects on the
both locally and nationally,
Southwest.
are diverse in nature, and
will require equally diverse
solutions.
Energy is a commodity, and supply and demand around the world will
also affect the US energy system. As the global population grows, and
industrialization of the world continues, demand for energy will increase even
further as resources are depleted. These factors can significantly affect US
energy costs through competition for imported and exported energy products.
Reduction of our reliance on fossil fuels could have a huge positive impact on
climate change. Unfortunately, there is no energy production system or source
currently available that is truly sustainable. All forms of energy have negative
impacts on the environment, as do many of the ways in which we use them.
Until we have a sustainable means of producing and delivering energy, we need
to consider which means of energy production and transport make the least
impact; we are faced with a sort of "energy triage." The answer to this problem
will be multifaceted, depending in large part on which energy resources and
delivery methods are available in each part of the US. The sources of energy
that provide the least impact for the best price for people living in the Southwest
are probably not the same as for those in other areas, such as the Midwest or
Northeast.
Adaptation—changing our habits of energy use and delivery—can also make
it easier for our existing energy infrastructure to adjust to the needs brought
on by climate change. Investing in adaptation can pay off in the short term
by reducing risks and vulnerabilities, thus minimizing future risks. Increasing
sustainable energy practices (including harvesting and production) and
improving infrastructure and delivery methods can go a long way toward not
only decreasing the effects of climate change, but also our energy security.

6
Climate Change
climate change • See global
warming: the current increase
in the average temperature
worldwide, caused by the
buildup of greenhouse gases
in the atmosphere.

hurricane • a rapidly rotating
storm system with heavy
winds, a low-pressure center,
and a spiral arrangement of
thunderstorms.

tornado • a vertical funnelshaped storm with a visible
horizontal rotation.

weather • the measure of
short-term conditions of
the atmosphere such as
temperature, wind speed, and
humidity.

commodity • a good for which
there is demand, but which is
treated as equivalent across
all markets, no matter who
produces it.

sustainable • able to be
maintained at a steady level
without exhausting natural
resources or causing severe
ecological damage, as in a
behavior or practice.
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efficiency • the use of a
relatively small amount of
energy for a given task,
purpose, or service; achieving
a specific output with less
energy input.

Energy
Some of these changes are grounded in the development of new technologies
for energy production and energy efficiency, while others may be related to
changes in behavior. These changes in technology and behavior may go hand
in hand; roughly 2% of electricity production now goes to data centers, for
example—a use that did not exist in 1985. Additionally, the Internet is rapidly
changing other ways we use energy, allowing us to telecommute and changing
the way we shop.
In closing, some key points to keep in mind regarding the future of energy are:
Extreme weather events are affecting energy production and delivery facilities,
causing supply disruptions of varying lengths and magnitudes and affecting
other infrastructure that depends on energy supply. The frequency and intensity
of extreme weather events are expected to increase.
1. Higher summer temperatures are likely to increase electricity use if
homes are not adequately designed and constructed, causing higher
summer peak loads, while warmer winters are likely to decrease
energy demands for heating. Net energy use is projected to increase
as rising demands
for cooling outpace
See Chapter 9: Earth Hazards
declining heating
to learn more about extreme
energy demands.
weather events.
2. Both episodic and long-lasting changes in water availability will
constrain different forms of energy production.
3. In the longer term, sea level rise will affect the coastal facilities
and infrastructure on which many energy systems, markets, and
consumers depend.
As we invest in new energy technologies, future energy systems will differ from
those of the present in uncertain ways. Depending on the way in which our
energy system changes, climate change will introduce both new risks and
new opportunities................................................................................................
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General Books on Energy
Bird, K.J., 1989, North American fossil fuels, in: A. W. Bally and A. R. Palmer, eds.) The Geology
of North America: an Overview, The Geology of North America, vol. A, Geological Society of
America, Boulder, CO, pp. 555–574.
Duggan-Haas, D., R. M. Ross, and W. D. Allmon, 2013, The Science Beneath the Surface: A
Very Short Guide to the Marcellus Shale, Paleontological Research Institution (Special
Publication 43), Ithaca, NY, 252 pp.
Hinrichs, R., and M. H. Kleinbach, 2012, Energy: Its Use and the Environment, 5th edition,
Thomson, Brooks/Cole, Belmont, CA, 640 pp.
Nye, D. E., 1998, Consuming Power: a Social History of American Energies, Massachusetts
Institute of Technology Press, Cambridge, MA, 331 pp.
Richards, J., 2009, Wind Energy, Macmillan Library, South Yarra, Victoria, Canada, 32 pp. [For
primary school age.]
Smil, V., 2006, Energy: a Beginner's Guide, Oneworld, Oxford, UK, 181 pp.
Smil, V., 2010, Energy Myths and Realities: Bringing Science To the Energy Policy Debate, AEI
Press, Washington, DC, 213 pp.
Wohletz, K., and G. Heiken, 1992, Volcanology and Geothermal Energy, University of California
Press, Berkeley, http://ark.cdlib.org/ark:/13030/ft6v19p151/.

General Websites on Energy
American Association of Petroleum Geology (AAPG), http://aapg.org.
American Wind Energy Association, Get the Facts, http://www.awea.org/Resources/Content.
aspx?ItemNumber=5059.
Center for Climate and Energy Solutions, Renewable Energy, http://www.c2es.org/energy/
source/renewables.
Climate Literacy & Energy Awareness Network (CLEAN). [A rich collection of resources for
educators.] http://www.cleanet.org.
Coal Bed Methane, Montana State University Extension,
http://waterquality.montana.edu/energy/cbm/.
Coalbed Methane Outreach Program (EPA), http://www.epa.gov/coalbed/faq.html.
Energy Literacy: Essential Principles and Fundamental Concepts for Energy Education, Energy.
gov, http://www1.eere.energy.gov/education/energy_literacy.html.
Geotherm Energy...Power from the Depths. 1997, Energy Efficiency and Renewable Energy
Clearinghouse, National Renewable Energy Laboratory (NREL) for the U.S. Department of
Energy (DOE), 8 pp.,
http://www1.eere.energy.gov/library/pdfs/geothermal_energy_power_from_the_depths.pdf.
History of Energy Use in the United States, by Hobart King, Geology.com,
http://geology.com/articles/history-of-energy-use/.
Renewable and Alternative Fuels, US Energy Information Administration,
http://www.eia.gov/renewable/state/.
State-by-State CO2 Emissions Data From Fossil Fuel Combustion,
http://www.epa.gov/statelocalclimate/documents/pdf/CO2FFC_2011.pdf.
State-level Energy-related Carbon Dioxide Emissions, 2000–2011, Independent Statistics and
Analysis, US Energy Information Administration (EIA), 2014,
http://www.eia.gov/environment/emissions/state/analysis/pdf/stateanalysis.pdf.
US Department of Energy (DOE), http://energy.gov.
US Energy Information Administration (EIA). [A wealth of information on energy production and
use in the United States.] http://www.eia.gov/.
US Energy Information Administration (EIA), by state, http://www.eia.gov/state/.
US Fuel Ethanol Plant Production Capacity (EIA),
http://www.eia.gov/petroleum/ethanolcapacity/.
US Geological Survey Energy Resources Program, http://energy.usgs.gov/.
What is geothermal?, Geothermal Resources Council,
http://www.geothermal.org/what.htmlhttp://www.geothermal.org/what.html.
Wind Energy Resource Atlas of the United States: Regional Summaries,
http://rredc.nrel.gov/Wind/pubs/atlas/chp3.html.
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Resources by State
Multistate Areas
Chidsey, T. C., Jr., 2016, Paleozoic shale-gas resources of the Colorado Plateau and eastern
Great Basin, Utah—multiple frontier exploration opportunities, Utah Geological Survey
Bulletin 136, 241 pp. [Technical]
http://ugspub.nr.utah.gov/publications/bulletins/b-136/b-136.pdf.
Kirschbaum, M. A. and L. R. H. Biewick, 2000, A Summary of the Coal Deposits in the Colorado
Plateau: Arizona, Colorado, New Mexico, and Utah, in: M. A. Kirschbaum, L. N. R. Roberts,
and L. R. H. Biewick, eds., Geologic Assessment of Coal in the Colorado Plateau: Arizona,
Colorado, New Mexico, and Utah, US Geological Survey Professional Paper 1625-B, 99
pp. [Technical] http://pubs.usgs.gov/pp/p1625b/Reports/Chapters/Chapter_B.pdf.
Nester, P., 2002, Is there oil in your backyard? The Southwest US, in: The World of Oil: Oil
in Your Backyard, https://www.priweb.org/ed/pgws/backyard/sections/southrockies/
southrockies1.html.
Southwest Energy Efficiency Project, http://www.swenergy.org/.
Thiel, A., 2013, Climate Change Impacts on Hydropower in the Colorado River Basin, Center
for Water Policy, School of Freshwater Sciences, University of Wisconsin at Madison, 4
pp., http://uwm.edu/centerforwaterpolicy/wp-content/uploads/sites/170/2013/10/Colorado_
Energy_Final.pdf.
What Every Westerner Should Know About Oil Shale, by P. Limerick, J. L. Hanson, and R.
Rebhan, Center of the American West, University of Colorado at Boulder,
http://centerwest.org/projects/energy/oil-shale/welcome-to-shale-country-3.

Arizona
Powering Arizona, http://arizonaexperience.org/innovate/powering-arizona.
Your Guide to Solar in Arizona, Arizona Solar Center, http://www.azsolarcenter.org/.

Colorado
Colorado Coal Field War Project, https://www.du.edu/ludlow/cfhist.html.
Colorado Energy Office, https://www.colorado.gov/energyoffice.
[Colorado] Energy Resources, Colorado Geological Survey,
http://coloradogeologicalsurvey.org/energy-resources/.
Kirschbaum, M. A. and L. R. H., Biewick, A Summary of the Coal Deposits in the Colorado
Plateau: Arizona, Colorado, New Mexico, and Utah, Chapter B of Geologic Assessment of
Coal in the Colorado Plateau: Arizona, Colorado, New Mexico, and Utah, M. A. Kirschbaum,
L. N. R. Roberts, and L. R. H. Biewick, eds., US Geological Survey Professional Paper
1625–B. [Technical] http://pubs.usgs.gov/pp/p1625b/Reports/Chapters/Chapter_B.pdf.
Scamehorn, H., 2002, High Altitude Energy: a History of Fossil Fuels in Colorado, University
Press of Colorado, Boulder, 232 pp.
Weiner, C., 2014, Oil and Gas Development in Colorado, Colorado State University Extension,
Fact Sheet 10.639, 4 pp., http://extension.colostate.edu/docs/pubs/consumer/10639.pdf.

New Mexico
Budzik, P. and J. Perrin, 2014, Six formations are responsible for surge in Permian Basin crude
oil production, Today in Energy, July 9, 2014, US Energy Information Administration,
https://www.eia.gov/todayinenergy/detail.cfm?id=17031.
Energy [of New Mexico], Natural Resource Programs, New Mexico Bureau of Geology & Mineral
Resources, http://geoinfo.nmt.edu/resources/energy.html.
The Greatest Dam in the World: Building Hoover Dam, Teaching with Historic Places Lesson
Plans, National Park Service,
http://www.nps.gov/nr/twhp/wwwlps/lessons/140hooverdam/140hoover_dam.htm.
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Utah
Magill, B., 2015, Tar Sands Mining Moves to Utah, Scientific American,
http://www.scientificamerican.com/article/tar-sands-mining-moves-to-utah/.
Utah Geothermal Technologies Program, 2005, US Department of Energy, 2 pp.,
http://www.nrel.gov/docs/fy05osti/36552.pdf.
Utah State Rock: Coal, http://pioneer.utah.gov/research/utah_symbols/rock.html.
Utah Office of Energy, http://energy.utah.gov/.
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