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dynamIc vIsuals AND InTegraTed medIa 
BRING OCEANOGRAPHY TO LIFE
Highly visual and interactive tools make oceanography approachable, 
enabling students to see oceanographic processes in action.

NEW! smartFigures and smartTables are 3- to 
4-minute mini video lessons containing explanations 
of difficult-to-understand oceanographic concepts and 
numerical data directed by an oceanography teaching 
expert and nasa science communicator. By scanning 
the accompanying Qr code, or typing in the short 
url, students now have a multitude of ways to learn 
from art and data tables, all designed to teach.

NEW! squidtoons, a comic-styled call-out created by a team 
of graduate students at scripps institution of oceanography in 
california, are featured in each chapter. These infographics highlight 
an important marine organism related to each chapter’s content 
using graphical representation to display recent discoveries by 
researchers in an interesting and captivating manner. By scanning 
the associated Qr code or typing in the short url in the text, 
students will be taken to the digital space to view the full cartoon.

NEW! enhanced illustration program, with new art incorporating 
the research-proven technique of strategically placing annotations and 
labels within the key figures, allows students to focus on the most 
relevant visual information and helps them interpret complex art. 
overall, nearly 90% of the entire book’s artwork has been updated or is 
new, including new figures that provide visual summaries of essential 
processes and concepts.

2.3  What Features Occur at Plate Boundaries?  59

7The spreading rate is the total widening rate of an ocean basin resulting from motion of both plates 
away from a spreading center.
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East Paci�c Rise

Mid–Atlantic Ridge

The fast-spreading East Pacific Rise is a broad, 
low, gentle swelling of the mid-ocean ridge
that lacks a prominent rift valley.

The slow-spreading Mid-Atlantic Ridge is a
tall, steep, rugged portion of the mid-ocean
ridge with a prominent central rift valley.

(a) Pro�le view of an oceanic ridge. 

(b) Pro�le view of an oceanic rise.
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 SmartFigure 2.19 Comparing oceanic rises and 
ridges. Perspective and  profile views of the ocean 
floor based on  satellite bathymetry showing differ-
ences between oceanic ridges (part a above) and 
oceanic rises (part b below). Note that both  
profile views have the same scale. 
https://goo.gl/Zh9QSS

(6.5 inches) per year.7 Conversely, steeper-sloping and slower-spreading areas of the 
 mid-ocean ridge are called oceanic ridges. For instance, the Mid-Atlantic Ridge  
(Figure 2.19a) between the South American and African Plates is a tall, steep, rug-
ged oceanic ridge that has an average spreading rate of 2.5 centimeters (1 inch) per 
year and stands as much as 3000 meters (10,000 feet) above the surrounding sea 
floor. Its prominent central rift valley is as much as 32 kilometers (20 miles) wide 
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4.4  What Are the Characteristics of Hydrogenous Sediment?   121

calcareous ooze (sometimes exceeding 80%) are found along segments of the mid-
ocean ridge, but little is found in deep-ocean basins below the CCD. For example, 
in the northern Pacific Ocean—one of the deepest parts of the world ocean—there 
is very little calcium carbonate in the sediment. Calcium carbonate is also rare in 
sediments accumulating beneath cold, high-latitude waters where calcareous-se-
creting organisms are relatively uncommon.

table 4.3 compares the environmental conditions that can be inferred from sili-
ceous and calcareous oozes. It shows that siliceous ooze typically forms below cool 
surface water regions, including areas of upwelling where deep-ocean water comes 
to the surface and supplies nutrients that stimulate high rates of biological produc-
tivity. Calcareous ooze, on the other hand, is found on the shallower areas of the 
ocean floor beneath warmer surface water.

RECap
Biogenous sediment is produced from the hard remains of 

once-living organisms. Microscopic biogenous sediment is 

especially widespread and forms deposits of ooze on the 

ocean floor.

smarttable 4.3  comparison of environments interpreted from deposits of siliceous and calcareous ooze  
in surface sediments

Siliceous ooze Calcareous ooze

Surface water temperature  
above sea floor deposits

Cool Warm

Main location found Sea floor beneath cool surface water in high latitudes Sea floor beneath warm surface water in low latitudes

Other factors Upwelling brings deep, cold, nutrient-rich water to the surface Calcareous ooze dissolves below the CCD

Other locations found
Sea floor beneath areas of upwelling, including along the equator

Sea floor beneath warm surface water in low 
latitudes along the mid-ocean ridge

ConCEpt ChECk 4.3   Describe the characteristics of biogenous sediment. 

1 Describe the origin, composition, 
and distribution of biogenous sediment.

2 List the two major chemical com-
pounds of which most biogenous sedi-
ment is composed and two examples of 
the microscopic organisms that produce 
them. Sketch and label these organisms.

3 Technically, what must a biog-
enous ooze contain to be classified as 

ooze? What other component do all 
oozes contain?

4 If siliceous ooze is slowly but con-
stantly dissolving in seawater, how can 
deposits of siliceous ooze accumulate 
on the ocean floor?

5 Explain the stages of progression 
that result in calcareous ooze existing 
below the CCD.

4.4 What are the Characteristics  
of hydrogenous sediment?
Hydrogenous sediment (hydro = water, generare = to produce) is derived from 
the dissolved material in water.

origin of hydrogenous sediment
Seawater contains many dissolved materials. Chemical reactions within 
seawater cause certain minerals to come out of solution, or precipitate 
(change from the dissolved to the solid state). Precipitation usually oc-
curs when there is a change in conditions, such as a change in tempera-
ture or pressure or the addition of chemically active fluids. To make 
rock candy, for instance, a pan of water is heated and sugar is added. When the wa-
ter is hot and the sugar dissolved, the pan is removed from the heat, and the sugar 
water is allowed to cool. The change in temperature causes the sugar to become 

Interdisciplinary

Relationship

 SmartTable 4.3 Comparison of environments 
interpreted from deposits of siliceous and  
calcareous ooze in surface sediments 
https://goo.gl/H5uBwg

M04_TRUJ3545_12_SE_C04.indd   121 12/09/15   6:00 PM

Satellite tracking:
used to precisely
locate a fishing
stock.

Spotter airplane: used
to find dolphins, which
are often associated
with tuna.

Long lines:
a main line
with hooks.

Scale varies; vertical scale
greatly compressed

Trawl net: 
a net with
steel doors that
is dragged along
the bottom.

     Sonar: used
  to locate fish
underwater.

Gill net or driftnet:
a long monofilament

curtain that drifts within
the water column.

Sea floor traps:
metal or wooden

cages with bait inside
that catch crustaceans

and bottom fish.

Purse seine net: 
a net that is
drawn around
an entire
school of fish.

Aquaculture pen:
farmed fish are raised
in floating pens.
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essenTIal elemenTs FORM A  
PATH TO SUCCESSFUL LEARNING
each chapter is organized into easily digestible chunks, making studying easier and 
assisting student learning. chapter material begins with learning goals and ends with 
assessment questions tied to those learning goals. The end-of-chapter material is also 
organized by the chapter's sections, helping students remain focused on the essential 
concepts throughout the chapter.

each chapter opens with a list of 
learning objectives called essential 
Learning Concepts, which provide 
a roadmap to the chapter. each 
chapter section focuses on one 
main essential concept.

Concept Check questions at the end of 
each section are designed to let students 
check their understanding of the essential 
learning concept. By stopping and 
answering questions, students ensure that 
they have a thorough understanding of key 
points before moving on to the next section.

78  Chapter 2  Plate Tectonics and the Ocean Floor 

essential ConCepts review

2.2 what evidence supports plate tectonics?

▸▸ More convincing evidence for drifting continents was introduced in 
the 1960s, when paleomagnetism—the study of Earth’s ancient mag-
netic field—was developed and the significance of features of the 
ocean floor became better known. The paleomagnetism of the ocean 
floor is permanently recorded in oceanic crust and reveals stripes of 
normal and reverse magnetic polarity in a symmetric pattern relative 
to the mid-ocean ridge.

▸▸ Harry Hess advanced the idea of sea floor spreading. New sea floor 
is created at the crest of the mid-ocean ridge and moves apart in op-
posite directions and is eventually destroyed by subduction into an 
ocean trench. This helps explain the pattern of magnetic stripes on 
the sea floor and why sea floor rocks increase linearly in age in either 
direction from the axis of the mid-ocean ridge.

▸▸ Other supporting evidence for plate tectonics includes oceanic heat flow 
measurements, the pattern of worldwide earthquakes, and, more re-
cently, the detection of plate motion by accurate positioning of locations 
on Earth using satellites. The combination of evidence has convinced 
geologists of Earth’s dynamic nature and helped advance the idea of 
continental drift into the more encompassing plate tectonic theory.

study resources
MasteringOceanography Study Guide Quizzes, MasteringOceanogra-
phy Web Table 2.1, MasteringOceanography Web Diving Deeper 2.1, 
MasteringOceanography Web Animations

Critical thinking Question

If the sea floor didn’t exhibit any magnetic polarity reversals, what 
would that indicate about the history of Earth’s ocean basins?

active learning exercise

A recent discovery suggests that Jupiter’s moon Europa is composed of 
thin, brittle slabs of water ice that undergo plate tectonics, much like 
Earth’s lithospheric plates. Research this discovery on the Internet and 
describe the evidence for the existence of plate tectonic processes on 
Europa.
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2.1 what evidence supports continental drift?

▸▸ According to the theory of plate tectonics, the outermost portion of 
Earth is composed of a patchwork of thin, rigid lithospheric plates 
that move horizontally with respect to one another. The idea began 
as a hypothesis called continental drift proposed by Alfred Wegener 
at the start of the 20th century. He suggested that about 200 million 
years ago, all the continents were combined into one large continent 
(Pangaea) surrounded by a single large ocean (Panthalassa).

▸▸ Many lines of evidence were used to support the idea of continental 
drift, including the similar shape of nearby continents, matching se-
quences of rocks and mountain chains, glacial ages and other climate 
evidence, and the distribution of fossil and present-day organisms. 
Although this evidence suggested that continents have drifted, other 
incorrect assumptions about the mechanism involved caused many 
geologists and geophysicists to discount this hypothesis throughout 
the first half of the 20th century.

study resources
MasteringOceanography Study Guide Quizzes, MasteringOceanogra-
phy Web Animation

Critical thinking Question

If you could travel back in time with three illustrations from this 
 chapter to help Alfred Wegener convince the scientists of his day that 
continental drift does indeed exist, what would they be, and why?

active learning exercise

Create two teams to debate the evidence for and against continental 
drift. Use only knowledge of Earth processes that was available prior to 
the 1930s.

2.3 what features occur at plate boundaries?

▸▸ As new crust is added to the lith-
osphere at the mid-ocean ridge  
(divergent boundaries where 
plates move apart), the opposite 
ends of the plates are subducted 
into the mantle at ocean trenches 
or beneath continental mountain 
ranges such as the Himalayas 
(convergent boundaries where 
plates come together). In addition, 
oceanic ridges and rises are offset, 
and plates slide past one another 
along transform faults (transform 
boundaries where plates slowly 
grind past one another).

study resources
MasteringOceanography Study Guide Quizzes, MasteringOceanog-
raphy Web Animations

Critical thinking Question

Using Figure 2.12, analyze and describe the tectonic setting that con-
tributed to these natural disasters: (1) the 1883 eruption of Krakatoa, 
Indonesia; (2) the 2010 Haitian earthquake; and (3) the 2011 earth-
quake and tsunami in northeastern Japan.

active learning exercise

With another student in class, list and describe the three types of 
plate boundaries. Include in your discussion any sea floor features 
that are related to these plate boundaries and include a real-world 
example of each. Construct a map view and cross section showing 
each of the three types of plate boundaries, including the direction 
of plate movement and associated features.

(a)

(b)

(c)

Asthenosphere

Asthenosphere

Plate

Plate

Asthenosphere

Plate Plate

Plate Plate

The three main types of plate boundaries are...

            DIVERGENT,
      where plates are moving apart, 
such as at the mid-ocean ridge...

            CONVERGENT, 
       where plates are moving together,
 such as at a deep-ocean trench, and...

            TRANSFORM, 
      where plates slide past each other,
 such as at a transform fault.

2.4  testing the model: how can plate tectonics be used as a working model?

▸▸ Tests of the plate tectonic model indicate that many features and phe-
nomena provide support for shifting plates. These include mantle 
plumes and their associated hotspots that record the motion of plates 
past them, the origin of flat-topped tablemounts, and the stages of 
coral reef development.

study resources
MasteringOceanography Study Guide Quizzes, Mastering-
Oceanography Web Animations

Critical thinking Question

Describe the differences in origin between the Aleutian Islands (Alaska) 
and the Hawaiian Islands.  Provide evidence to support your explanation.

active learning exercise

In pairs, investigate the 
idea that a mantle plume 
underlies  Yellowstone Na-
tional Park. Report to the 
class what evidence you 
have discovered.  Using 
your understanding about 
plate tectonics,  assess the 
 implications for the future 
of this region.

                         The chain of volcanoes that
extends from Hawaii to the Aleutian Trench

was created by the movement of the Pacific Plate over
the Hawaiian hotspot.

This sharp bend in the
Hawaiian-Emperor
chain was created
by a combination
of the changing
motion of the
Pacific Plate
and the slow
movement of
the Hawaiian
hotspot itself.

Oceanic
lithosphere

Hawaiian chain

Aleutian Trench
Emperor Seamont
chain

Hawaii

Ages given
in millions of
years (m.y.)
before present.

Direction of
plate motion

Midway
Islands

Midway
Islands
27 m.y.

Suiko
65 m.y.

Detroit
81 m.y.

Hotspot

Oceanic crust

Mantle
plume

Oahu, 2.2–3.3 m.y.

Maui, less than 1 m.y.

Hawaii, 0.7 m.y. to present

Kauai, 3.8–5.6 m.y.

Molokai, 1.3–1.8 m.y.

Paci�c
Plate

▸▸ The positions of various sea floor and continental features have 
changed in the past, continue to change today, and will look very 
different in the future.

▸▸ A predictive working model of plate tectonics is the Wilson cycle, 
which describes the evolution of ocean basins during their forma-
tion, growth, and destruction over millions of years.

study resources
MasteringOceanography Study Guide Quizzes, MasteringOceanography 
Web Animations, MasteringOceanography Web Diving Deeper 2.3

Critical thinking Question

Assume that you travel at the same rate as a fast-moving continent—
at a rate of 10 centimeters (2.5 inches) per year. Calculate how long 
it would take you to travel from your present location to a nearby 
large city. Also, calculate how long it would take you to travel across 
the United States from the East Coast to the West Coast.

active learning exercise

You and two of your fellow class-
mates are colonists on an Earth-
sized planet orbiting within the 
habitable zone of a distant star. As 
a group, choose one of the follow-
ing scenarios for your planet: (1) 
it has extremely active tectonics, 
(2) it exhibits Earth-like tectonic 
activity, or (3) it is tectonically 
dead. Then, based on your planet’s 
chosen level of tectonic activity, 
describe what your planet looks like, including details about various 
landforms that would be visible.

2.5  how has earth changed in the past, and how will it 
look in the future?

 www.masteringoceanography.com

Looking for additional review and test prep materials? With 
individualized coaching on the toughest topics of the course, 
MasteringOceanography offers a wide variety of ways for you to move 
beyond memorization to begin thinking like an oceanographer. Visit the 
Study Area in www.masteringoceanography.com to find practice quizzes, 

study tools, and multimedia that will improve your understanding of 
this chapter’s content. Sign in today to enjoy the following features: 
Self Study Quizzes, SmartFigures, SmartTables, Oceanography Videos, 
Squidtoons, Geoscience Animation Library, RSS Feeds, Digital Study 
Modules, and an optional Pearson eText.

540 million years ago

470 million years ago

430 million years ago

370 million years ago

300 million years ago

240 million years ago

170 million years ago

120 million years ago

65 million years ago

Today

Equator

Equator

P
A

N
G

A

E A  

12
0˚

14
0˚

10
0˚

80
˚

60
˚

30˚

40˚

50˚

10˚

20˚

30˚

40˚

50˚

20˚

10˚

60˚

70˚

18
0˚

10˚

10˚

20˚

30˚

40˚

50˚

20˚

30˚

50˚

40˚

60˚

14
0˚

16
0˚

60
˚

80
˚

10
0˚

12
0˚

EURASIA
NORTH

AMERICA

ANTARCTICA

SOUTH
    AMERICA

AFRICA

INDIA

TETHYS
         SEA

PANTHALASSA

AUSTRALIA

P
A

N
G

A
E A  

12
0˚

14
0˚

10
0˚

30˚

40˚

10˚

30˚

40˚

50˚

20˚

10˚

60˚

70˚

18
0˚

10˚

10˚

20˚

30˚

40˚

50˚

20˚

30˚

50˚
60˚

14
0˚

16
0˚

60
˚

80
˚

20
˚

40
˚

0˚

ANTARCTICA

       NORTH
   AMERICA

ASIA

AFRICA

EUROPE

SOUTH
       AMERICA

AUSTRALIA
Glacial

deposits

Glacial
deposits

(a)

(b)

                                     Today, glacial deposits in
tropical regions of the world, along 

with the orientation of grooves in the underlying
rock, give evidence that the continentshave moved from their

 former positions.

                           About 300 million years ago,
 portions of the supercontinent

 of Pangaea lay close to the South
Pole and were covered by glacial ice.

Arrows indicate the direction
of ice flow, preserved as

grooves in rocks.
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NEW! a recap feature now appears throughout 
each chapter, summarizing essential concepts. This is 
a great tool for directing students' study and review.

each chapter ends with the essential 
Concepts review, which simplifies the study 
process. also organized by section, this review 
highlights a key figure from the chapter and 
provides a summary of the chapter’s key 
concepts. it also includes study resources, 
critical Thinking Questions, and NeW! active 
learning exercises.
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TURNING INTEREST InTo engagemenT
everyday topics in a real world context help students relate oceanography 
to their lives while engaging them in how oceanography is studied.

The popular students sometimes Ask features answer often 
entertaining questions posed by real students.

NEW! Climate Connection: This 
icon shows how various sections of the 
text relate to the overarching theme of 
the importance of earth’s oceans to 
global climate change.

NEW! Interdisciplinary relationship: This 
icon shows how various sections of the text relate 
to two or more sub-disciplines in oceanography: 
geological oceanography, biological oceanography, 
physical oceanography, and chemical oceanography. 

The new edition includes 
a variety of Diving Deeper 
features, including historical 
features, research methods in 
oceanography, oceans and People, 
and focus on the environment. 
These features foster multi-
dimensional understanding with 
captivating examples and stories. 
each diving deeper feature now 
includes one or more “give it some 
Thought” assessment questions.
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CONTINUOUS LEARNING  
Before, durIng, AND afTer CLASS  
WITH 
masteringoceanography delivers engaging, dynamic learning 
opportunities—focusing on course objectives and responsive to 
each student’s progress—that are proven to help students absorb 
oceanography course materials and understand challenging 
physical processes and oceanography concepts.

Before class dynamic sTudy modules and eTexT 2.0 Provide 
sTudenTs wiTh a Preview of whaT’s To come.

NEW! dynamic study modules enable  
students to study effectively on their own in 
an adaptive format. students receive an ini-
tial set of questions with a unique answer for-
mat asking them to indicate their confidence. 
once completed, dynamic study modules 
include explanations using material taken  
directly from the text.

NEW! Interactive eText 2.0 comes complete with 
embedded media and is both mobile friendly and  
ada accessible.

• now available on smartphones and tablets.
• seamlessly integrated videos and other rich media.
• fully accessible (screen-reader ready).
• configurable reading settings, including resizable type 

and night reading mode.
• facilitates instructor and student note-taking, 

highlighting, bookmarking, and search.
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helPing sTudenTs visualize oceanograPhy 
concePTs ThaT can Be easily assignaBle.

NEW! The following 7 geoscience 
animations have been specifically designed 
for this edition:

• formation of earth's oceans
• how salt dissolves in water
• Three Types of Breakers
• effects of elliptical orbits
• osmosis
• feeding in Baleen whales
• latitude and longitude on earth

select key animations have been refreshed 
and made compatible for mastering and 
mobile devices.

durIng class

afTer class

NEW! LearningCatalytics, a “bring your own 
device” student engagement, assessment, and 
classroom intelligence system (Prs), allows 
students to use their smartphone, tablet, or 
laptop to respond to questions in class without 
the need for a “clicker.” 

engage sTudenTs wiTh learningcatalytics 

more than 70 geoscience animations are 
associated with the text, and all include audio 
narration, a text transcript, and assignable 
multiple-choice questions with specific wrong-
answer feedback in mastering.
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NEW! smartFigures bring key chapter 
illustrations to life! These videos are accessible 
on mobile devices via scannable Quick response 
(Qr) codes printed in the text and through the 
study area in masteringoceanography. Paired 
with other assessments in mastering, these videos 
become assignable and assessable learning 
objects that can either prepare students for 
lecture or assess what they have learned.

GeoTutor Coaching Activities are based 
on data collected from educators across 
the country and address the topics most 
frequently ranked as tough for students 
to understand. These activities guide 
students towards mastery of these topics, 
using highly visual, kinesthetic, and 
interactive activities.

NEW! smartTables are engaging tutorial 
videos that explain the relevance of the real 
data found in tables within the textbook. 
Paired with other assessments in mastering, 
these become assignable and assessable 
learning objects that allow students to 
interpret real data sets.

HELPS STUDENTS LEARN… 

Waves
approach
the beach
at an angle...

... causing a zig-zag longshore current
 of water in the surf zone...

... and an associated 
    longshore transport 
          of sand.

Movement of sand particles with each wave

Wave crest 

Longshore
current

Downcoast

Upcoast

(b) A longshore current, caused by refracting waves, moves water in a zigzag fashion along the 
shoreline. This causes a net movement of sand grains (longshore drift) from upcoast to 
downcoast ends of a beach.

(a) Waves approaching the beach at a slight angle near Oceanside, California,
producing a longshore current moving toward the right of the photo.

Waves
approach
the beach
at an angle...

... causing a zig-zag longshore current
 of water in the surf zone...

... and an associated 
    longshore transport 
          of sand.

Movement of sand particles with each wave

Wave crest 

Longshore
current

Downcoast

Upcoast

(b) A longshore current, caused by refracting waves, moves water in a zigzag fashion along the 
shoreline. This causes a net movement of sand grains (longshore drift) from upcoast to 
downcoast ends of a beach.

(a) Waves approaching the beach at a slight angle near Oceanside, California,
producing a longshore current moving toward the right of the photo.
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Learning outcomes: all of the 
masteringoceanography assignable 
content is tagged to book content. 
instructors also have the ability to 
add their own learning outcomes 
to assessments and keep track of 
student performance relative to those 
learning outcomes. mastering offers 
a data-supported measure to quantify 
students’ learning gains and to share 
those results quickly and easily with 
colleagues and administrators.

encounter Activities provide 
rich, interactive explorations of 
oceanography concepts using the 
dynamic features of google earth™ to 
visualize and explore earth’s oceans. 
dynamic assessment includes multiple-
choice and short-answer questions 
related to core geology concepts. all 
explorations include corresponding 
media files, and questions include hints 
and specific wrong-answer feedback to 
help coach students towards mastery of 
the concepts.

student study Area resources in masteringoceanography include:
• Practice quizzes
• interactive animations
• oceanography videos–A series of studio demo and field segment 

videos created by author Al Trujillo; most of the studio demos were 
created as 2-part interactive videos and the field segments show 
real oceanographic processes in action.

• web video links 
• rss feeds from sciencedaily and scientific american 

…AND MASTER THE SCIENCE OF OCEANOGRAPHY
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