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PREFACE

TELLING THE STORY ...

WE WROTE EXPLORING GEOLOGY SO THAT STUDENTS
could learn from the book on their own, freeing up instructors to teach
the class in any way they want. I (Steve Reynolds) first identified the need
for this book while I was a National Association of Geoscience Teachers’
(NAGT) distinguished speaker. As part of my NAGT activities, I trav-
eled around the country conducting workshops on how to infuse active
learning and scientific inquiry into introductory college geology courses,
including those with upwards of 200 students. In the first part of the
workshop, I asked the faculty participants to list the main goals of an
introductory geology college course, especially for nonmajors. At every
school I visited, the main goals were similar and are consistent with the
conclusions of the National Research Council (see box below):

We have fixed
standard bullet
size. Please
confirm.

* to engage students in the process of scientific inquiry so that they
learn what science is and how it is conducted,

* to teach students how to observe and interpret landscapes and
other aspects of their surroundings,

* to enable students to learn and apply important geologic
concepts,

* to help students understand the relevance of geology to their
lives, and

* to enable students to use their new knowledge, skills, and ways of
thinking to become more informed citizens.

I then asked faculty members to rank these goals and estimate how much
time they spent on each goal in class. At this point, many instructors
recognized that their activities in class were not consistent with their own
goals. Most instructors were spending nearly all of class time teaching
content. Although this was one of their main goals, it commonly was not
their top goal.

Next, I asked instructors to think about why their activities were not con-
sistent with their goals. Inevitably, the answer was that most instructors

N RC The National Research Council

NATIONAL COMMITTEE ON SCIENCE
EDUCATION STANDARDS AND ASSESSMENT,
NATIONAL RESEARCH COUNCIL

LEARNING SCIENCE IS AN ACTIVE PROCESS.

Learning science is something students do, not something that is
done to them. In learning science, students describe objects and
events, ask questions, acquire knowledge, construct explanations of
natural phenomena, test those explanations in many different ways,
and communicate their ideas to others. Science teaching must involve
students in inquiry-oriented investigations in which they interact with
their teachers and peers.
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Like most geologists, author Steve Reynolds prefers teaching students
out in the field, where they can directly observe the geology and
reconstruct the sequence of geologic events.

spend nearly all of class time covering content because (1) textbooks
include so much material that students have difficulty distinguishing
what is important from what is not; (2) instructors needed to lecture so
that students would know what is important; and (3) many students have
difficulty learning independently from the textbook.

In most cases, textbooks drive the curriculum, so the author team
decided that we should write a textbook that (1) contains only important
material, (2) indicates clearly to the student what is important and what
they need to know, and (3) is designed and written in such a way that
students can learn from the book on their own. This type of book would
give instructors freedom to teach in a way that is more consistent with
their goals, including using local examples to illustrate geologic concepts
and their relevance. Instructors would also be able to spend more class
time teaching students to observe and interpret geology, and to partici-
pate in the process of scientific inquiry, which represents the top goal for
many instructors.

COGNITIVE AND SCIENCE-
EDUCATION RESEARCH

To design a book that supports instructor goals, we immersed ourselves
into cognitive and science-education research, especially research on how
our brains process different types of information, what obstacles limit stu-
dent learning from textbooks, and how students use visuals versus text
while studying. We also conducted our own research on how students
interact with textbooks, what students see when they observe photographs
showing geologic features, and how they interpret geologic illustrations,
including geologic maps and cross sections. Exploring Geology is the result
of our literature search and of our own research. As you examine Explor-
ing Geology, you will notice that it is stylistically different from most other
textbooks, which will likely elicit a few questions.
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CHAPTER

15 Weatherlng, SOll, and * TOPICS IN THIS CHAPTER
Unstable Slopes ) e = s A

15.2  How Do Chemical Processes Affect 15.11 How Do Slopes Fail? 474
. E . . . . pes Fai
SLOPES CAN BE UNSTABLE, leading to slope failures that can produce or involy- Earth Materials Near the Surface? 456
- . . - . 15.12  How Does Material on Slopes Fall and Slide? 476
ing thick slurries of mud and debris. Such events have killed tens of thousands of people at one time and destroyed 15.3  How Does the Type of Earth Material
Ny o . . g o 15.13  How Does Material Flow Down Slopes? 478
houses, bridges, and large parts of cities. Where does this dangerous, loose material come from, what factors determine Influence Weathering 458
N B 0 . L1 Py o 15.14  Where Do Slope Failures Occur in the US.? 480
if a slope is stable, and how do slopes fail? In this chapter, we explore slope stability and the origin of soil, one of our 15.4  How Do Climate, Slope, Vegetation,
most important resources and Time Influence Weathering? 460 15.15  How Do We Study Slope Failures and
- 2

155 How s Weathering Expressed? P Assess the Risk for Future Events’ 482
The Cordillera de la Costa is & steep 2-km-high mountain In December 1999, torrential rains in the mountains caused landslides 15.6 How Do Caves Form? 464 15.16  CONNECTIONS: What Is Happening with
range that runs along the coast of Venezuela, separating the and mobilized soil and other loose material as turbulent, flowing masses . the Slumgullion Landslide in Colorado? 484
capital city of Caracas from the sea. This image, looking south of muddy debris (flash floods) that buried parts of the coastal cities. Some 15.7  What Is Karst Topography? 466 1517 INVESTIGATION: Which Areas Have
has topography overlain with a satellte image taken in 2000. light-colored landslide scars are visible on the hilsides in this image. 15.8  How Does Soil Form? 268 the Highest Risk of Slope Failure? 486
The white areas are clouds and the purple areas are cities. The
Caribbean Sea is In the foreground. The map below shows the How does soil and other loose material form on hillslopes? What factors \ J
Jocation of Venezuela on the northern coast of South America determine whether a slope is stable or s prone to landslides and other

types of downhill movement? Huge boulders smashed through the lower two floors of this

— 0002 building in Caraballeda (v) and ripped away part of the right side. 1999 Venezuelan Disaster

The mud and water that transported these boulders is no longer
present, but the boulders remain as a testament to the event.

debris flow is a turbulent slurry of water and
A-:cbns. including mud, sand, gravel, pebbles,
oulders, vegetation, and even cars and

small buildings. Debris flows can move at speeds up
0 16 m/s (36 mph). In December 1999, two storms.
dumped as much as LI m (42 in.) of rain on the
coastal mountains of Venezuela. The rain loosened
== = 8 3 soil on the steep hillsides, causing many landslides
T, - S 3 Y . is and debris flows that coalesced in the steep canyons

Cordillerape la/Costa z » < \ and raced downhill toward the cities built on the
7 5 & N alluvial fans.

In Caraballeda, the debris flows carried boulders
up to 10 m (33 ft) in diameter and weighing 300 to
400 tons cach. The debris flows and flash floods
raced across the city, flattening cars and smashing
houses, buildings, and bridges. They left behind a
jumble of boulders and other debris along the path
of destruction through the city.

After the event, USGS geologists went into the
area to investigate what had happened and why.
They documented the types of material that were
carried by the debris flows, mapped the extent of
the flows, and measured boulders (v) to investigate

Caraballeda processes that occurred during the event. When the
Caribbean Sea Caribbean Sea geologists examined what lay beneath the founda-
tions of destroyed houses, they discovered that much
of the city had been built on older debris flows.
These deposits should have provided a warning of
what was to come.

Alluvial Fan

The mountain slopes are too steep for buildings, so people The city of Caraballeda, built on one such alluvial fan, was especially 150005 C
? This aerial photograph of

built the coastal cities on the less steep fan-shaped areas at hard hit in 1999 by debris flows and flash floods that tore a swath of Caraballeda, looking south

the foot of each valley. These flatter areas are alluvial fans com- destruction through the town. Landslides, debris flows, and flooding Up the canyon (4], showis the

posed of mountain-derived sediment that has been transported killed more than 19,000 people and caused up to $30 billion in damage damage ey e

down the canyons and deposited along the mountain front in the region. The damage is visible as the light-colored strip through

city caused by the debris

the center of town. flows and flash floods.

What are some potential hazards of living next to steep moun-
tain slopes, especially in a city built on an active alluvial fan? How can loss of life and destruction of property by debris flows and
landsiides be avoided or at least minimized?

452

Exploring Geology promotes inquiry and science as [
an active process. It encourages student curiosity Inquire
and aims to activate existing student knowledge by
posing the title of every two-page spread and every
subsection as a question. In addition, questions
are dispersed throughout the book. Integrated into
the book are opportunities for students to observe
patterns, features, and examples before the under-
lying concepts are explained. That is, we employ a
learning-cycle approach where student exploration
precedes the introduction of geologic terms and the
application of knowledge to a new situation. For
example, chapter 15 on slope stability begins with a
three-dimensional image of northern Venezuela, and
readers are asked to observe where people are living
in this area and what geologic processes might have
formed these sites.

“Exploring Geology is a seminal textbook for the new century, created by a unique team
of authors who have synergistically merged their expertise in geology and geoscience
teaching, cognitive science, and the graphic arts. The design of the book has been richly
informed by current research on how students best learn geoscience, and what topics
are essential and relevant. Each chapter is designed as a sequence of two-page inquiry
modules; each module focuses on a specific topic, opens with an engaging question, and
integrates clear, jargon-free explanations with generous, precisely detailed illustrations. In
conventional textbooks, figures are often subordinate to columns and columns of type; in
Exploring Geology, text and illustrations are mutually embedded in a topical mosaic. At the
close of each chapter, a real-world application of the subject matter and an investigative
exercise complete the learning cycle. This book is an innovative, accessible resource that
fosters understanding through authentic geological inquiry and visualization, rather than
dense exposition.”

Steven Semken
School of Earth and Space Exploration, Arizona State University
Past President, National Association of Geoscience Teachers
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Geology is an extremely visual science. Typically, geology textbooks con-
tain a variety of photographs, maps, cross sections, block diagrams, and
other types of illustrations. These diagrams help portray the distribution
and geometry of geologic units on the surface and in the subsurface in a
way words could never do. In geology, a picture really is worth a thousand
words or more.

Innovate

In June 2008, The McGraw-Hill Companies announced that
Exploring Geology, just released in its First Edition, had received
the distinguished Corporate Achievement Award for Innovation.
Each year, McGraw-Hill Higher Education publishes 200 to 300
titles in science, economics, marketing, humanities, and career
education. Exploring Geology was recognized for its pioneering
design and innovative pedagogical approach that is based on cogni-
tive and science-education research. This unique text features over
2,600 extraordinary line-art drawings and photographs that support
clearly articulated learning outcomes, authentic inquiry, and mod-
els of how geoscientists approach geologic problems. It represents
a dramatically different approach, a new type of textbook, designed
for today’s students.

WHY ARE THE PAGES DOMINATED BY ILLUSTRATIONS?

Exploring Geology contains a wealth of figures to take advantage of the
visual nature of geology and the efficiency of figures in conveying geo-
logic information. This book contains few large blocks of text, and most
text is in smaller blocks that are specifically linked with illustrations. An
example of our integrated figure-text approach is shown on the previous
page and on the next page. In this approach, each short block of text
is one or more complete sentences that succinctly describe a geologic
feature, geologic process, or both of these. Most of these text blocks are
connected to their illustrations with leader lines so that readers know
exactly which feature or part of the diagram is being referenced by the
text block. A reader does not have to search for the part of the figure
that corresponds to a text passage, as occurs when a student reads a tra-
ditional textbook with large blocks of text referencing a figure that may
appear on a different page.

The approach in Exploring Geology is consistent with the findings of
cognitive scientists, who conclude that our minds have two different
processing systems, one for processing pictorial information (images)
and one for processing verbal information (speech and written
words), as illustrated below. Images enter our consciousness through
our eyes, and text can enter either through our eyes, such as when
we read, or through our ears, as occurs during a lecture. Research
into learning and cognition shows that having text enter via our ears,
while our eyes examine an image, is among the best ways to learn.

New experiences from the environment enter the
brain via the senses. Images, for example, come in
through the eyes, and sounds enter the ears.

Input from the senses is filtered and transferred into two
different types of working memory, a visual area for
images and a phonetic area for words. Each
type of working memory has a very limited
capacity to hold new information.

Information from working memory is
processed further and transferred

into long-term memory. Ideally, new
information is linked to existing
knowledge in long-term memory to
build a more complete understanding.

When information from long-term
memory is needed, it is retrieved into
working memory, where it can be pro-
cessed to make decisions.

XVII
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Cognitive scientists also speak about two
types of memory: working memory holds
information and actively processes it,

What Happens at Divergent Boundaries?

Whereas lOng'term memory stores infor_ AT MID-OCEAN RIDGES, Earth’s_ tectonic plales diverge (m.OVe apaf‘). Ridges are the siles. of many smgll— to mod_erate—
sized earthquakes and much submarine volcanism. On the continents, divergent motion can split a continent into two pieces,

mation until we need 1t Both the Verbal commonly forming a new ocean basin as the pieces move apart.

and pictorial processing systems have What Happens at Mid-Ocean Ridges?

a llmlted amount Of Working memory, Mid-ocean ridges are divergent plate boundaries where new oceanic lithosphere forms as two oceanic plates move apart. These

boundaries are also called spreading centers because of the way the plates spread apart.

and our minds have to use much of our
. . 1. A narrow trough, or rift, runs along the axis of most mid-ocean ridges. 3. Much of the magma solidifies at depth, but some erupts onto
mental processulg Space to reconcﬂe The rift forms because large blocks of crust slip down as spreading the seafloor, forming submarine lava flows. These eruptions create

occurs. The divergence and movement of fault blocks cause faulting,

new ocean crust that is incorporated into the oceanic plates

the two types Of information in WOI'k- resulting in frequent small- to moderate-sized earthquakes as they move apart
5 . Q 2. As the plates move 4. Mid-ocean ridges are elevated above
ing memory. For information that has apar, solid mantle In the surrounding seafloor because they con-
. ) the asthenosphere rises sist of hotter, less dense materials, including
bOth plCtOI’lal and Verbal components toward the surface. It magma. They also are higher because the
4 partially melts in underlying lithosphere is thinner beneath
. . . response to a decrease ridges than beneath typical seafloor. Lower
as most geoscience information dOCS, in pressure. The molten density materials and thin lithosphere mean
. rock (magma) rises that the plate “floats” higher above the
the amount of knowledge we retain along narrow conduits, underlying asthenosphere. The elevation of
accumulates in magma the seafloor decreases away from the ridge
il chambers beneath the because the rock cools and contracts, and
depends on reconciling these two types i ar svemmsaty

becomes part of the

of information, on transferring informa- oceac ithosphere
tion from working memory to long-term
memory, and on linking the new informa-
tion with our existing mental framework.
For this reason, this book integrates text
and figures, as in the example shown
here. For more information on cognitive
load, see Jaeger, A.J., Shipley, T.F., and
Reynolds, S.J., 2017, The roles of working
memory and cognitive load in geoscience
learning: Journal of Geoscience Education,
v. 65, no. 4, p. 506-518.

cools enough to become part of the more
dense lithosphere.

WHY ARE THERE SO MANY FIGUR

This textbook contains more than 2,600 g ' ' h
figures, which is two to three times the Visualize
number in most introductory geology text- o o ) o,
books. One reason for this is that the book “ThlS.IS it! This is a book that my stude.nts can usg to lea(n, not Just"do the.readlng. The focus on
is designed to provide a concrete example questions (?n every page draws .student.s in, and the immediacy of the 1llustrat¥on anFl text focused on
of each rock type, environment, or geo- each gues.tlon makes it almost 1mpos51ple for .students. nqt to Wagt to plunge in to find out.how eagh
logic feature being illustrated. Research question is answered. Anq the centrality of high-quality illustrations, rathe.r than. exha}lstlve t.ext, is
shows that many college students require a key (fomponent for helping stude.nts l.earn once. they are engaged. Geoscience is a VISlla'l science,
concrete examples before they can begin and th'1s approach helps students Vlsuahz? geploglc processes in the r.eal worlfl, t,ruly learnm'g rather
to build abstract concepts. Also, many than.51mply preparlng '{0 parrot back definitions. Do I worry that this book 1spt packeq with text?
students have limited travel experience, so Not in the shg,htest! With examp'les, real-world data, and rese?arch results easily a.ccesmble on the
photographs and other figures allow them Internet, I don’t want or need an 1n'trf)ducFory. textbook that tries to be encycllopedlc. 1 wan’:[ a book
to observe places, environments, and pro- that engages students, captures their imaginations, and helps them learn. This is the book!
cesses they have not been able to observe
firsthand. The inclusion of an illustration Barbara J. Tewksbury
for each text block reinforces the notion ) ) Hamz:lton Co{lege
that the point being discussed is impor- Past President, American Geological Institute
tant. In many cases, as in the example in Past President, National Association of Geoscience Teachers
this Preface, conceptualized figures are
A
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What Sedimentary Environments
Are Near Shorelines and in Oceans?

OCEANS AND THEIR SHORELINES are dynamic environments with wind, waves, and ocean currents transporting
sediment eroded from the coastline or brought in from here. The cf istics of each i peciall;
the types of sediment, depend mostly on the proximity to shore, the availability of sediment, and the depth, temperature,
and clarity of the water. Examine the large figure below and try to envision what you would expect in each setting,
including the type of sediment that would occur there.

1. Beaches are stretches of coastiine along which sediment has
accumulated (4). Most beaches consist of sand, pieces of shells, and
rounded gravel, cobbles, or boulders. The setting determines which of
these components is most abundant. Some shorelines have bedrock
all the way to the ocean and so they have little or no beach. Wide,
sandy beaches are more inviting as places to relax and play.

2. The water near the
shoreline may be shel-
tered by offshore reefs o
islands. The sheltered
§ water, called a lagoon («),
is commonly shallow, calm,
B and perhaps warm. The
nearshore parts of lagoons
contain sand, mud, and
stones derived from land,
whereas the outer parts may
have sand and pieces of
coral eroded from a reef.

3. Where ocean water is
shallow, warm, and clear,
coral and other marine
creatures construct reefs
(@), which can parallel the
coast, encircle islands, or
form irregular mounds and
platforms. Reefs typically
protect the shoreline from

Continental SIope

the energetic, big waves
of the deeper ocean

4. Away from the shoreline, many landmasses are
flanked by continental shelves and slopes consisting
of layers of mud, sand, and carbonate minerals.
Material from these sites can move down the slope
in landslides or in turbulent, flowing masses of sand,
mud, and water called turbidity currents. The slopes
of some continents are incised by branching
submarine canyons (not shown here) that funnel
sediment toward deeper waters.

5. The deep part of the seafloor is a dark, cold
environment that is commonly several kilometers beneath
the surface. It generally receives less sediment than areas
closer to land, and its sediment is dominated by fine, windblown
dust and by remains of mostly single-celled marine organisms.

6. Sandy dunes that are
inland from beaches are
called coastal dunes (4)
These dunes commonly form
where sand and finer sedi-
ment from the beach are
blown or washed inland and
then reshaped by the wind.
When strong winds blow onto
land, sand can move from the
beach to the dunes, and sand
can move back toward the
beach when winds blow
toward the sea or lake.

Before You Leave This Page

Sketch and describe the main sedimentary
environments in oceanic and nearshore environments.

Sedimentary Environments and Rocks 179

070236 Oympic Pen
7. Some shorelines
include low areas,
called tidal fots (),
that are flooded by
the seas during
high tide but
exposed to the air
during low tide
Most tidal flats are
covered by mud
and sand or are
rocky. Some low
parts of the land
adjacent to tidal
flats can accumu-
late salt and other
evaporite minerals as seawater and terrestrial (on-land) waters
evaporate under hot, arid (dry) conditions.

8. In addition o the parts of deltas overlapping the shore,
submarine deltas extend in some places for tens of kilometers
offshore (). The muddy or sandy front of the delta may be
unstable, and material can slide or tumble down the siope,
sending sediment into deeper water.

9. Other accumulations of sand rise above the shallow coastal
waters as long, narrow islands, called barrier islands. Most
barrier islands, such as the one below (¥), are only hundreds of
meters wide. The areas between barrier islands and the shore-
line are commonly shallow lagoons or saftwater marshes.

integrated with photographs and text so that students can build a more
coherent view of the environment or process.

Exploring Geology focuses on the most important geologic concepts and
makes a deliberate attempt to eliminate text that is not essential for student
learning of these concepts. Inclusion of information that is not essential
tends to distract and confuse students rather than illuminate the concept;
thus you will see fewer words. Cognitive and science-education research
has identified a redundancy effect, where information that restates and
expands upon a more succinct description actually results in a decrease in
student learning. Specifically, students learn less if a long figure caption
restates information contained elsewhere on the page, such as in a long
block of text that is detached from the figure. We avoid the redundancy
effect by including only text that is integrated with the figure.

The style of illustrations in Exploring Geology was designed to be more
inviting to today’s visually oriented students who are used to photo-real-
istic, computer-rendered images in movies, videos, and computer games.
For this reason, many of the figures were created by world-class artists
who have worked on Hollywood movies, on television shows, for National
Geographic, and in the computer-graphics industry. In most cases, the
figures incorporate real data, such as satellite images and aerial photo-
graphs. Our own research shows that many students do not understand
geologic cross sections and other subsurface diagrams, so nearly every
cross section in this book has a three-dimensional aspect, and many maps

XX
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are presented in a perspective view with topography. Research findings R
by us and others indicate that including people and human-related items
on photographs and figures attracts undue attention, thereby distracting
students from the geologic features being illustrated. As a result, our pho-
tographs have nondistracting indicators of scale, like dull coins and plain
marking pens. Figures and photographs do not include people or human-
related items unless (1) we are trying to illustrate how geoscientists study
geologic processes and features, (2) illustrate the relevance of the pro-
cesses on humans, or (3) help students appreciate that geoscience
can be done by diverse types of people, potentially including them, as
depicted in our photographs.
.
é N
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HOW ARE GEOLOGIC TERMS INTRODUCED IN THIS BOOK?

Wherever possible, we introduce terms after students have an opportu-
nity to observe the feature or concept that is being named. This approach
is consistent with several educational philosophies, including a learning
cycle and just-in-time teaching. Research on learning cycles shows that
students are more likely to retain a term if they already have a mental
image of the thing being named. For example, this book presents stu-
dents with the collection of igneous rocks shown to the right and asks
them to think about how they would classify the rocks. Only then does
the textbook present a classification of igneous rocks.

Also, the figure-based approach allows terms to be introduced in
their context rather than as a definition that is detached from a visual
representation of the term. In this book, we introduce new terms in ital-
ics rather than in boldface because boldfaced terms on a textbook page
cause students to immediately focus mostly on the terms rather than
build an understanding of the concepts. The book includes a glossary for
those students who wish to look up the definition of a term to refresh

their memory. To expand comprehension of the definition, each entry in
the glossary references the page where the term is defined in the context
of a figure.

WHY DOES THE BOOK CONSIST OF TWO-PAGE SPREADS?

This book consists of two-page spreads, most of which are further sub-
divided into sections. Research has shown that because of our limited
amount of working memory, much new information is lost if it is not
incorporated into long-term memory. Many students keep reading and
highlighting their way through a textbook without stopping to integrate
the new information into their mental framework. New information

simply displaces existing information in working memory before it is
learned and retained. This concept of cognitive load has profound impli-
cations for student learning during lectures and while reading textbooks.
Two-page spreads and subsections help prevent cognitive overload by
providing natural breaks that allow students to stop and consolidate the
new information before moving on.

MANY VOLCANIC AREAS CONTAIN DOME-SHAPED HILLS called volcan

'
h How Do Volcanic Domes Form?
o ana
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Before You Leave This Page

Describe the characteristics of a
volcanic dome.

Explain or sketch the two ways by
which a volcanic dome can grow.

Explain or sketch how a volcanic
dome can collapse or be destroyed
by an explosion.

: Describe the types of rocks
associated with volcanic domes.

Describe how you might recognize
a volcanic dome in the landscape.

Before You Leave This Page
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Each spread has a unique number, such as 6.9 for the 9th topical two-page
spread in chapter 6 (see previous page). These numbers help instructors
and students keep track of where they are and what is being covered.
Each two-page spread, except for those that begin and end a chapter,
contains a Before You Leave This Page checklist that indicates what is
important and what is expected of students before they move on. This list
contains learning objectives for the spread and provides a clear way for
the instructor to indicate to the student what is important. The items on
these lists are compiled into a master What-to-Know list.

SIGNIFICANT ADVANTAGES OFFERED
BY EXPLORING GEOLOGY

Two-page spreads and integrated Before You Leave This Page lists offer the
following advantages to the student:

» Information is presented in relatively small and coherent chunks
that allow a student to focus on one important aspect or geologic
system at a time.

* Students know when they are done with this particular topic and can
self-assess their understanding with the Before You Leave This Page list.

» Two-page spreads allow busy students to read or study a complete
topic in a short interval of study time, like during breaks between
classes.

* All test questions and assessment materials are tightly articu-
lated with the Before You Leave This Page lists so that exams and
quizzes cover precisely the same material that was assigned to
students via the What-to-Know list.

The two-page spread approach also has huge advantages for the
instructor. Before writing this book, the authors wrote the items for
the Before You Leave This Page lists. We then used this list to decide
what figures were needed, what topics would be discussed, and in
what order. In other words, the textbook was written from the learn-
ing objectives. The Before You Leave This Page lists provide a straight-
forward way for an instructor to tell students what information is
important. Because we provide the instructor with a master What-to-
Know list, an instructor can selectively assign or eliminate content by
providing students with an edited What-to-Know list. Alternatively, an
instructor can give students a list of assigned two-page spreads or sec-
tions within two-page spreads. In this way, the instructor can identify
content for which students are responsible, even if the material is not
covered in class.

HOW IS THIS BOOK ORGANIZED?

Two-page spreads are organized into 19 chapters that are arranged into five
major groups: (1) introduction to Earth and the science of geology, (2) earth
materials and the processes that form them, (3) geologic time and tectonic
systems, (4) climate and surface processes, and (5) capstone chapters on
resources and planetary geology. The first three chapters provide an over-
view of geology, the scientific approach to geology, and plate tectonics—a
unifying theme interwoven throughout the rest of the book. The next five
chapters cover earth materials, including minerals (chapter 4), different
families of rocks and structures (chapters 5-8), and the processes that form
or modify rocks. Unlike many geology books, Exploring Geology begins the
discussion of earth materials with an examination of landscapes—something
students can relate to—as a lead-in to rocks, then to minerals, and finally to
atoms, the most abstract topic in geology books. The sedimentary environ-
ments chapter includes a brief introduction to weathering, setting the stage
for the discussion of clastic sediments but saving a more detailed discussion
of weathering and soils for the part of the book that deals with surficial
processes. Also, this book integrates the closely related topics of metamor-
phism and deformation into a single chapter.

After earth materials, we cover the principles of geologic time, emphasizing
how geologists reconstruct Earth’s history (chapter 9). We then move on to
ocean basins, mountains and basins, and earthquakes (chapters 10-12), all
of which integrate and apply information about rocks, structures, geologic
time, and plate tectonics. These chapters provide important details about
aspects of plate tectonics after students have gained an understanding of
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rocks, structures, and geologic time from earlier chapters. We have also
incorporated a small component of historical geology, including evolution
of the continents and ocean basins.

Next, we briefly discuss weather and climate (chapter 13) to provide a
backdrop for subsequent chapters on surface processes and to introduce
timely topics, such as hurricanes and climate change. This chapter also
discusses deserts, drought, and rain forests. Glaciers, coasts, and sea-level
changes are integrated into a single chapter (chapter 14) to present a sys-
tem approach to earth processes and to emphasize the interplay between
glaciations, sea level, and the character of the shoreline. Chapter 15 focuses
on weathering, soils, and slope stability; chapter 16 presents streams and
flooding; and chapter 17 covers surface-water and groundwater resources
and groundwater-related problems.

We consider the last two chapters to be capstones, integrating and apply-
ing previous topics to enable students to understand energy and min-
eral resources (chapter 18) and planetary geology (chapter 19). These
two chapters give students and instructors an opportunity to see how an
understanding of rock types, rock-forming processes, geologic structures,
geologic time, and the flow of water and other fluids can help us under-
stand important resources and the surfaces of other planetary bodies.
The late placement of both chapters allows a more comprehensive treat-
ment of these topics than would be possible if they were incorporated
into earlier chapters.
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SPECIAL TEXT FEATURES

Concept Sketches

Most items on the Before You Leave This Page list are by design suit-
able for student construction of concept sketches. Concept sketches are
sketches that are annotated with complete sentences that identify geo-
logic features, describe how the features form, characterize the main geo-
logic processes, and summarize geologic histories (»).

Concept sketches are an excellent way to actively engage students in class
and to assess their understanding of geologic features, processes, and his-
tory. Concept sketches are well suited to the visual nature of geology, espe-
cially cross sections, maps, and block diagrams. Geologists are natural
sketchers using field notebooks, blackboards, publications, and even nap-
kins, because sketches are an important way to record observations and
thoughts, organize knowledge, and try to visualize geometries of rock bod-
ies and sequences of events. The step-by-step process of creating a concept
sketch is explored further in Chapter 1. An instructor does not need to use
concept sketches with this book (it works well with and is accompanied
by more traditional types of assessment, such as test banks), but students
can use concept sketches to build deeper understanding of key topics. We
provide a list of concept-sketch questions to instructors, but it is easy for
instructors to create their own, such as for topics not in the textbook.

TWO-PAGE SPREADS

Most of the book consists of two-page spreads, each of which is about
one or more closely related topics. Topical spreads convey the geologic
content and help organize knowledge.

Each chapter has at least one two-page spread illustrating how geology
impacts society and another two-page spread that specifically describes
how geoscientists study typical problems.

The penultimate two-page spread in each chapter is a Connections spread,
which is designed to help students connect and integrate the various con-
cepts from the chapter and to show how these concepts can be applied
to an actual location. Connections are about real places that illustrate the
geologic concepts and features covered in the chapter and explicitly illus-
trate how a geologic problem is investigated and how geologic problems
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For more information, see Johnson, J. K., and Reynolds, S. J., 2005.
Concept sketches—Using student- and instructor-generated annotated
sketches for learning, teaching, and assessment in geology courses. Jour-
nal of Geoscience Education, v. 53, pp. 85-95.

have relevance to society. The Connections spread also prepares the stu-
dent for a following Investigation two-page spread.

Each chapter ends with an Investigation spread that is an exercise in
which students apply the knowledge, skills, and approaches learned in
the chapter. These exercises mostly involve virtual places that students
explore and investigate to make observations and interpretations and to
answer a series of geologic questions.

Who Polluted Surface Water and
G dwater i is Place?

Investigations are modeled after the types of problems geologists investi-
gate, and they use the same kinds of data and illustrations encountered in
the chapter. The Investigation includes a list of goals for the exercises and
step-by-step instructions, including calculations and methods for construct-
ing maps, graphs, and other figures. These investigations can be completed
by students in class, as worksheet-based homework, or as online activities.
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NEW IN THE SIXTH EDITION

The sixth edition of Exploring Geology includes numerous significant
revisions, with every chapter receiving additions and improvements. This
edition also features a new Appendix. The style, approach, and sequence
of chapters is unchanged, but every chapter received new photographs,
new or revised figures, major to minor editing of text blocks and, in some
cases, reorganization. We revised many text blocks to improve clarity and
conciseness, or to present recent discoveries and events. Most chapters
contain the same number and order of two-page spreads, but four chap-
ters each gained a new two-page spread, and other chapters had sections
that were completely revised. Many changes were made in response to
comments by reviewers and students. The book contains many edits as a
result of careful re-reading of the entire book. The most important revi-
sions are listed below:

* The most obvious change is the addition of an Appendix, which
focuses on helping students improve their quantitative and spatial
skills, such as how to convert from one unit to another and how
to contour data. The Appendix consists of one-page and two-page
sections, each related to and referenced from a specific two-page
spread in the body of the book. There is coverage of general
scientific literacy topics, such as scientific notation, how to read
and plot graphs, the fundamental gas laws, and units of matter,
energy, and motion. There are also geoscience-specific topics,
including calculating rates of seafloor spreading, how to read a
weather map, how to construct a hydrograph, and estimating the
frequency of flooding.

» This edition contains nearly 150 new photographs, with a deliber-
ate intention to represent a wider geographic diversity, to provide
clearer examples, to expand the discussion of specific topics, and
to provide more information about a geologic process, material,
or feature. In addition, we reprocessed a small number of existing
photographs to improve their fidelity.

» This edition contains nearly 110 new or replaced illustrations.
Many illustrations from the previous edition were replaced with
new versions to update information so that it is more current, to
improve student understanding of certain complex topics, and for
improved appearance. Some of these revisions consisted only of
adding labels and shading.

» This edition contains two-page spreads that are entirely new. In
chapter 1, we added a two-page spread on how to learn using
concept sketches, which are simple sketches annotated with labels
and complete sentences to explain features, processes, and inter-
relationships. Concept sketches were, and still are, mentioned in
the Preface, but the new two-page spread provides a step-by-step
approach for constructing a concept sketch by way of an example.
We created a new gemstones two-page spread for the chapter
on minerals (chapter 4). Chapter 13 gained a two-page spread
as a consequence of expansion of the discussion of wind-related
processes and features, especially types of sand dunes. A new
two-page spread in chapter 16 explores the characteristics and
formation of natural bridges and arches.
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¢ Another major change occurred in chapter 2, which explores
strategies and examples for how to understand and study earth
features and processes. We completely revised two two-page
spreads about the scientific method. We explain inductive versus
deductive versus abductive reasoning, and we further explore
observations versus interpretations, as well as the distinction
between science done by hypothesis testing and scientific discov-
eries that arose from exploration.

* A number of two-page spreads have been extensively revised with
improved layout, illustrations, and text. In addition to the new
or revised illustrations, we updated text to reflect new ideas or
new data. For example, we updated figures for increases in global
temperatures, sea-surface temperatures, and CO, content of the
atmosphere.

e Throughout the book, most text boxes are now numbered sequen-
tially within a section. This will help direct students to read the
text boxes in a specific order and helps with the sequence of
presentation on phones and other small devices. It also allows an
instructor to reference text in a more specific way.

« This edition features a different serif font from the previous edi-
tion. This font is highly readable on portable electronic devices
while retaining fidelity to a quality printed book. This font
replacement resulted in small changes in layout of individual text
blocks on almost every page.

CHAPTER 1 received a major revision, with an aim toward guiding
students to begin observing and interpreting landscapes earlier than in
previous editions. Accordingly, we moved an observing landscapes two-
page spread from chapter 2 to early in chapter 1, and we followed it with
the new two-page spread on concept sketches, a spread also focused on
landscapes. Our thinking was that most instructors, including us, begin
showing photographs of landscapes on the first day of class, so students
should have an early introduction about how to observe different fea-
tures in a landscape. The chapter includes eight new photographs and
five new or revised illustrations. As in all chapters, we wrote new text
or often significantly edited text and layouts when we replaced a pho-
tograph. The chapter has a reference to the first entry in the Quantita-
tive and Spatial Skills Appendix, which summarizes the units we use to
describe matter, energy and motion. All other entries in the Appendix
are referenced in the appropriate chapter, although not all Appendix
references are listed below.

CHAPTER 2 focuses on teaching students scientific problem solving
and was heavily revised. The chapter lost the aforementioned observing
landscape two-page spread (to chapter 1), and now the first topical two-
page spread (after the opener) immediately helps students starting to
think about how to use modern environments to interpret the origin of
rocks and other past deposits. In addition, the four pages specifically on
the process of science are almost all new material, including coverage of
different types of reasoning. The chapter has 11 new photographs com-
pared to the previous edition and two revised illustrations. In addition to
the two-page spread that was moved to chapter 1, this chapter lost two
figures, one photograph, and one table compared to the previous edition.
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