CASE STUDY:

ESSENTIALS OF GEOLOGY
MISSION

Update a best-selling geology textbook with an innovative
look and feel while maintaining easy-to-follow text for introductory level students.
THE CHALLENGES

In the case of Essentials of Geology, the author was very interested in being involved in all aspects of the process, but he
also had an extensive travel schedule. In addition, both he
and Norton wanted PG to provide a brand-new book design
that would capture student interest while still maintaining
pedagogical integrity. It became immediately obvious that
the traditional paper-based workflow was not going to work.
OUR SOLUTION

Precision provided electronic samples at all stages of the
project, including web-based document transfer and reviewing tools. This allowed both the author and the publisher to
review and weigh in without delays for shipping. We maintained close contact with the author, making it possible to
develop and incorporate an elaborate art style that ultimately

I N T E R L U D E A Rock Groups

90

FIGURE A.6 Studying rocks in thin section.
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Each individual rock type has a name. Names
come from a variety of sources. Some come from
the dominant component making up the rock, some
from the region where the rock was ﬁ rst discovered or is particularly abundant, some from a root
word of Latin origin, and some from a traditional
name used by people in an area where the rock is
found. All told, there are hundreds of different rock
names, though in this book we will introduce only
about thirty.
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A.5 STUDYING ROCK
Outcrop Observations

#
Sample

91

FIGURE A.7 An electron microprobe uses a beam of electrons
to analyze the chemical composition of minerals.
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(a) Using a special saw, a geologist
cuts a thin chip of a rock specimen.

Rock “chip”
(before grinding down)
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light, for a crystal interferes with polarized light and allows only
certain wavelengths to pass through.
The brilliant colors and strange shapes in a thin section rival the beauty of an abstract painting or stained glass.
By examining a thin section with a petrographic microscope,
geologists can identify most of the minerals constituting the
rock and can describe the way in which the grains connect to
each other. A photograph taken through a petrographic microscope is called a photomicrograph.

The study of rocks begins by examining a rock in an
outcrop. If the outcrop is big enough, such an examination will reveal relationships between the rock you’re
interested in and the rocks around it, and will allow
you to detect layering. Geologists carefully record
observations about an outcrop, then break off a hand
specimen, a ﬁst-sized piece, which they can examine more closely with a hand lens (magnifying glass).
Observation with a hand lens enables geologists to
identify sand-sized or larger mineral grains, and may
enable them to describe the texture of the rock.

1 cm
Grinding

Glass slide
(b) The geologist glues the chip to a glass slide and grinds
it down until it is so thin that light can pass through it.
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ze the proportions of atoms
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6.1 Introduction

6.1 INTRODUCTION
gists with highly detailed characterizations of rocks, which in
turn help them understand how the rocks formed and where
the rocks came from. This information enables geologists to
use the study of rocks as a basis for deciphering Earth history.
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Thin-Section Study

(d) If the light is polarized
polarized,
different minerals display
different colors when viewed
through the microscope.

(c) With a petrographic microscope, it’s possible
to view thin sections with light that shines
through the sample from below.

Geologists often must examine rock composition and
texture in minute detail in order to identify a rock and
develop a hypothesis for how it formed. To do this,
they take a specimen back to the lab, make a very thin
slice (about 0.03 mm thick, the thickness of a human
hair) mounted on a glass slide. They study the resulting thin section (Fig. A.6a–c) with a petrographic
microscope (petro comes from the Greek word for
rock). A petrographic microscope differs from an
ordinary microscope in that it illuminates the thin
section with transmitted polarized light. This means
that the illuminating light beam ﬁrst passes through
a special ﬁlter that makes all the light waves in the
beam vibrate in the same plane, and then the light
passes up through the thin section. An observer
looks through the thin section as if it were a window.
When illuminated with transmitted polarized light,
each type of mineral grain displays a unique suite of
colors (Fig. A.6d). The speciﬁc color the observer
sees depends on both the identity of the grain and
its orientation with respect to the waves of polarized
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Pages of Earth’s Past:
Sedimentary Rocks

ANOTHER VIEW This quarry, in northwestern
Italy, provides blocks
ks of pure white marble, some
of which were carved
ed into beautiful sculptures.
It also provides a view
ew into the bedrock that lies
beneath rugged peaks.
aks.

CHAPTER

These cliffs, in Bryce Canyon (Utah),
expose beds of sedimentary rock
deposited in lakes, and by streams,
over 40 million years ago.

On an isolated, windswept drilling platform in the North
Sea off the coast of Scotland, a group of roughnecks ready a
multimillion-dollar drill—their plan is to penetrate the sea
ﬂoor and see what lies beneath. The North Sea formed as a
consequence of rifting tens of millions of years ago. During
rifting, what was once dry land between Great Britain and
continental Europe slowly sank or, in geologic parlance, “subsided.” Rivers carried sediments from the surrounding land
into the newborn North Sea, and these sediments collected in
layers. At certain stages in the process, salts precipitated from
seawater, and the shells of sea creatures settled and collected
on the sea ﬂoor. As the drilling begins, a geologist stationed
on the deck of the platform examines the material ﬂushed
out of the lengthening drill hole by high-pressure water. At
ﬁrst, drilling brings up soft mud and loose sand, silt, pebbles,
and shell fragments. But as the hole goes deeper, the material
coming up holds together in soft but coherent clumps. Eventually, when the hole has entered layers that now lie almost
a kilometer below the sea ﬂoor, the drilling ﬂuid ﬂushes out
chips and chunks of solid rock. When the geologist studies
these fragments, she ﬁnds that they consist of grains of sand
or silt cemented together, tightly packed clay that is harder
than pottery, masses of shell fragments, or solid aggregates of
salt crystals. The geologist has observed the transition of loose
sediment into solid layers of sedimentary rock as burial depth
progressively increases.

FIGURE 6.1
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Formally deﬁned, sedimentary rock is rock that forms at
or near the surface of the Earth by the cementing together of loose
grains that had been produced by physical or chemical weathering
of preexisting rock, by the precipitation of minerals from water
solutions, by the cementing together of shells and shell fragments,
or by the growth of masses of shell-producing organisms. Layers
of sedimentary rock are like the pages of a book, recording tales
of ancient events and ancient environments on the ever-changing
face of the Earth. They occur only in the upper part of the crust,
and form a “cover” that buries the underlying “basement” of
igneous and/or metamorphic rock (Fig. 6.1).
In Interlude B, we introduced the concept of weathering,
and showed how it attacks bedrock, breaking it down into ions
and loose sediment grains. What happens next? Some of the
sediment may become incorporated in soil, as we have seen.
But some becomes buried and transformed into sedimentary
rock. In this chapter, we discuss the various kinds of sedimentary rock and the ways in which they form, and we consider
what sedimentary rocks can tell us about the history of the
Earth System.

TA K E-HOME MESSAGE
By the end of this chapter, you should understand the
various processes that produce sedimentary rocks, be
able to describe and classify such rocks, and be able to
recognize the clues they contain about the past history
of the Earth.

Sedimentary rocks form a cover over older basement rock.

GEOPUZ ZL E
Why do the walls of the Grand
Canyon display spectacular
layers of different-colored rock?
Why do some layers form vertical
cliffs while others do not?
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(a) In the Grand Canyon, we see a contact between cover (here, horizontal
sedimentary layers) and basement (metamorphic rock).

(b) A geologist‘s sketch emphasizes the contact between the
sedimentary cover and basement.

C H A P T E R 3 Patterns in Nature: Minerals
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In this chapter, we begin by presenting the geologic deﬁnition of a mineral, then look at how minerals form and at the
main characteristics that enable us to identify them. Finally,
we note the basic scheme that geologists use to classify minerals. This chapter assumes that you understand the fundamental
concepts of matter and energy, especially the nature of atoms,
molecules, and chemical bonds. If you are rusty on these topics,
please review the Appendix. We summarize basic terms from
chemistry in Box 3.1, for convenience.

3.2 What Is a Mineral?

A crystal
face
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“the action of geologic processes on organic materials” to
be minerals. Examples include the crystals that grow in
ancient deposits of bat guano.

FIGURE 3.3 The nature of crystalline and noncrystalline materials.

With these deﬁnitions in mind, we can make an important distinction between minerals and glasses. Both minerals
and glasses are solids, in that they can retain their shape indeﬁnitely. But a mineral is crystalline, and glass is not. Whereas
atoms, ions, or molecules in a mineral are ordered into a crystal
lattice, like soldiers standing in formation, those in a glass are
arranged in a semichaotic way, like people at a party, in small
clusters or chains that are neither oriented in the same way nor
spaced at regular intervals (Fig. 3.3b).

Scaffolding

TA K E-HOME MESSAGE

If you ever need to ﬁgure out whether a substance is a
mineral or not, just check it against the criteria listed above. Is
motor oil a mineral? No—it’s a liquid. Is table salt a mineral?
Yes—it’s a solid crystalline compound with the formula NaCl.

TA K E-HOME MESSAGE
For a substance to be a mineral, it must meet several
criteria: it must have an orderly arrangement of atoms
inside, it must have a deﬁnable chemical formula, it must
be solid, it must occur in nature, and it must have been
formed by geologic processes.

When you ﬁnish this chapter, you should understand what
minerals are, how they form, and how they are classiﬁed.
You should also know how to identify a mineral, and
recognize the difference between gems and ordinary
mineral specimens.

B OX 3 .1
Washington Monument

Some Basic Deﬁnitions from Chemistry

3.2 WHAT IS A MINERAL?

■

■

■

■

Naturally occurring: Minerals are produced in nature, not
in factories. We need to emphasize this point because in
recent decades, industrial chemists have learned how to
synthesize materials that have characteristics virtually
identical to those of real minerals. These materials are not
minerals in a geologic sense, though they are referred to in
the commercial world as “synthetic minerals.”
Solid: A solid is a state of matter that can maintain its
shape indeﬁnitely, and thus will not conform to the
shape of its container (see Appendix). Liquids (such as
oil or water) and gases (such as air) cannot be minerals.
Crystalline structure: The atoms that make up a mineral
are not distributed randomly and cannot move around
easily. Rather, they are ﬁ xed in a speciﬁc, orderly pattern. A material in which atoms are ﬁ xed in an orderly
pattern is called a crystalline solid. Mineralogists refer
to the pattern itself (the imaginary framework representing the arrangement of atoms) as a crystal lattice
(Fig. 3.3a).
Deﬁnable chemical composition: This simply means that it
is possible to write a chemical formula for a mineral (Box
3.1). Some minerals contain only one element, but most

that has an excess positive charge
(because it has more protons than
electrons) is a cation. We indicate the
charge with a superscript. For example,
Cl – has a single excess electron; Fe2+ is
missing two electrons.

To describe minerals, we need to use several terms from chemistry (for a more indepth discussion, see the Appendix). To
avoid confusion, terms are listed in an order
that permits each successive term to utilize
previous terms.

(a) This quartz crystal contains an orderly arrangement of atoms. The
arrangement resembles scaffolding.

■
■

Element: a pure substance that cannot
be separated into other elements.

■

Atom: the smallest piece of an
element that retains the characteristics
of the element. An atom consists of
a nucleus surrounded by a cloud of
orbiting electrons; the nucleus is made
up of protons and neutrons (except
in hydrogen, whose nucleus contains
ains
only one proton and no neutrons).
Electrons have a negative charge,
protons have a positive charge, and
d
neutrons have a neutral charge. An
n
atom that has the same number off
electrons as protons is said to be
neutral, in that it does not have an
overall electrical charge.

(b) Atoms in noncrystalline solids, such as glass, are not orderly.

■

are compounds of two or more elements. For example,
diamond and graphite have the formula C, because they
consist entirely of carbon. Quartz has the formula SiO2—
it contains the elements silicon and oxygen in the proportion of one silicon atom for every two oxygen atoms.
Some formulas are more complicated: for example, the
formula for biotite is K(Mg,Fe)3 (AlSi3O10)(OH)2.
Inorganic: We must ﬁrst distinguish between organic and
inorganic chemicals. Organic chemicals are molecules
containing carbon-hydrogen bonds. Although some
organic chemicals contain only carbon and hydrogen,
others also contain oxygen, nitrogen, and other elements
in varying quantities. Sugar (C12H22O11), for example,
is an organic chemical. Almost all minerals are inorganic.
Thus, sugar and protein are not minerals. But, we have
to add the qualiﬁer “almost all” because mineralogists
do consider about thirty organic substances formed by

■

Atomic number: the number of
protons in an atom of an element.

■

Atomic weight: approximately the
e
number of protons plus neutrons in
n an
atom of an element.

■

Ion: an atom that is not neutral. An
n ion
that has an excess negative charge
e
(because it has more electrons than
an
protons) is an anion, whereas an ion
on

■

■

■

■

Chemical bond: an attractive
force that holds two or more atoms
together. For example, covalent bonds
form when atoms share electrons.
Ionic bonds form when a cation and
anion (ions with opposite charges) get
close together and attract each other.
In materials with metallic bonds, some
of the electrons can move freely.

■

Chemical reaction: a process that
involves the breaking or forming of
chemical bonds. Chemical reactions
can break molecules apart or create
new molecules and/or isolated atoms.

■

Mixture: a combination of two or
more elements or compounds that
can be separated without a chemical
reaction. For example, a cereal
composed of bran ﬂakes and raisins
is a mixture—you can separate
the raisins from the ﬂakes without
destroying either.

SCIENCE TOOLBOX

Quartz crystal

To a geologist, a mineral is a naurally occurring solid, formed
by geologic processes, that has a crystalline structure and a
deﬁnable chemical composition. Almost all minerals are inorganic. Let’s pull apart this mouthful of a deﬁnition and examine its meaning in detail.
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■

Solution: a type of material in which
one chemical (the solute) dissolves
((becomes completely
p
y incorporated)
p
) in
another (the solvent). In solutions, a
solute may separate into ions during
the process. For example, when salt
G E O LaOpure
GY
AT A
Compound:
substance
thatG L A N C E
(NaCl) dissolves in water, it separates
can be subdivided into two or more
into sodium (Na+) and chloride (Cl –)
elements. The smallest piece of a
ions. In a solution, atoms or molecules
compound that retains the characteristics
of the solvent surround atoms, ions, or
of the compound is a molecule.
molecules of the solute.
Chemical: a general name used for a
■ Precipitate: (noun) a compound that
pure substance (either an element or a
Glacial erosion
forms when ions in liquid solution join
compound).
together to create a solid that settles
Chemical formula: a shorthand recipe
out of the solution; (verb) the process
that itemizes the various elements in
of forming solid grains by separation
speciﬁ
a chemical and speciﬁes
ﬁes their relative
and settling from a solution. For
proportions. For example, the formula
example, when saltwater evaporates,
for water, H2O, indicates that water
solid salt crystals precipitate and settle
consists of molecules in which two
to the bottom of the remaining water.
hydrogens bond to one oxygen.
Molecule: two or more atoms bonded
together. The atoms may be of the
same element or of different elements.

Wind

Tectonic processes uplift the land surface above sea level.
Once exposed, rock interacts with air and water and undergoes chemical and physical weathering, ultimately breaking
down to produce sediment. Convection in the atmosphere
generates wind, rain, and snow. Flowing water, ice, and air
erode and transport sediment to sites of deposition. Leaching
by downward percolating rainwater, along with the addition
of organic material, produces soil.

River erosion

Coastal erosion
Weathered granite
Cliff retreat

River deposition

Glacial deposition

“

Limestone dissolution

Among the best
parts of the book are
the illustrations, which
are beautiful to look
at and supplement
the text perfectly . . .
reinforcing concepts.

Soil formation

Coastal deposition

Weathering, Sediment,
and Soil Production

Similarly, chemical weathering speeds up physical weathering by dissolving away grains or cements that hold a rock
together, transforming hard minerals (like feldspar) into soft
minerals (like clay), and causing minerals to absorb water and
expand. These phenomena make rock weaker, so it can disintegrate more easily (Fig. B.7b).
Note that weathering happens faster at edges, and even
faster at the corners of broken blocks. This is because weathering attacks a ﬂat face from only one direction, an edge from

two directions, and a corner from three directions. Thus,
with time, edges of blocks become blunt and corners become
rounded (Fig. B.8a). In rocks such as granite, which do not
contain layering that can affect weathering rates, rectangular
blocks transform into a spheroidal shape (Fig. B.8b).
When different rocks in an outcrop undergo weathering at
different rates, we say that the outcrop has undergone differential weathering. As a result of differential weathering, cliffs
composed of a variety of rock layers take on a stair-step or saw-

tooth shape (Fig. B.8c). You can easily see the consequences of
differential weathering if you walk through a graveyard. The
inscriptions on some headstones are sharp and clear, whereas
those on other stones have become blunted or have even disappeared (Fig. B.8d). That’s because the minerals in these different stones have different resistances to weathering. Granite,
an igneous rock with a high quartz content, retains inscriptions the longest. But marble, a metamorphic rock composed
of calcite, dissolves away relatively rapidly in acidic rain.
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B.3 SOIL
If you’ve ever had the chance to dig in a garden, you’ve seen
ﬁrsthand that the material in which ﬂowers grow looks and
feels different from beach sand or from potter’s clay. We call
the material in a garden dirt or, more technically, soil. Soil
consists of rock or sediment that has been modiﬁed by physical
and chemical interaction with organic material and rainwater,
over time, to produce a substrate that can support the growth
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”

—Kenneth A. Ballew,
on Amazon.com

10.7 How Do We Determine Numerical Age?
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FIGURE 10.10 Life evolution in the context of the geologic column.
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of vegetation in this region, you can easily
see bedrock exposures on the walls of cliffs
and canyons, and some of these exposures
are so beautiful that they have become
national parks. The oldest sedimentary rock
of the region crops out at the base of the
Grand Canyon, whereas the youngest form
the cliffs of Cedar Breaks and Bryce Canyon
(see Geotour 10 on p. GT-22.
Walking through these parks is thus
like walking through time—each rock
Shells appear
layer gives an indication of the climate
and topography of the region in the past
(see Geology at a Glance, pp. 290–291).
For example, when the Precambrian metamorphic and igneous rocks exposed in the
inner gorge of the Grand Canyon ﬁrst formed, the region was
a high mountain range, perhaps as dramatic as the Himalayas today. When the fossiliferous beds of the Kaibab Limestone at the rim of the canyon ﬁrst developed, the region was
a Bahama-like carbonate reef and platform, bathed in a warm,
shallow sea. And when the rocks making up the towering red
cliffs of sandstone in Zion Canyon were deposited, the region
was a Sahara-like desert, blanketed with huge sand dunes.

TA K E-HOME MESSAGE
species) of mammals to ﬁ ll a wide range of ecological niches
did not happen until the beginning of the Cenozoic Era, so
geologists call the Cenozoic the Age of Mammals. Birds also
appeared during the Mesozoic (speciﬁcally, at the beginning
of the Cretaceous Period), but underwent great diversiﬁcation
in the Cenozoic Era. Note that some species existed only for
a short interval of the geologic column, and thus are diagnostic of a particular period or epoch. The fossils of such species
are called index fossils. The best index fossils, for correlation
purposes, are from species that were widespread.
To conclude our discussion, let’s see how the geologic
column comes into play when correlating strata across a region.
We return to the Colorado Plateau of Arizona and Utah, in the
southwestern United States (Fig. 10.11a, b). Because of the lack

Correlation of stratigraphic sequences from around the
world allowed production of a chart, the geologic column,
that represents the entirety of Earth history. The column,
developed using only relative age relations, is subdivided
into eons, periods, and epochs.

10.7 HOW DO WE DETERMINE
NUMERICAL AGE?
Geologists since the days of Hutton could determine the relative
ages of geologic events, but they had no way to specify numerical ages. Thus, they could not deﬁne a time line for Earth history or determine the duration of events. This situation changed
with the discovery of radioactivity. Simply put, radioactive elements decay at a constant rate that can be measured in the lab

demonstrates that educational illustrations can also be
beautiful. Face-to-face meetings with the book team and the
author happened as often as they could, sometimes even on
the lead artist’s front porch! Finally, by having all aspects of
production under one roof—from development of sketches
through the book layout to final composition—we were able
to accommodate the author’s travel schedule and desire for
hands-on involvement, ensure that all elements of the book
maintained a consistent look and feel, and still get the book
published on a reasonable schedule.
THE FINAL RESULTS

• Essentials of Geology has become a geology essential
• Winner of the Crystal Book Award, 58th Annual Book
and Media show, 4-color college textbook
• Continued relationship with author and publisher
based on this book

