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ABSTRACT
Crustal Evolution Education Project ‘(CEER) modules
were designed to: (1) provide students with the methods and results
of continuing 1nvest%gat1ons into the composition, history, and
processes of the earth's crust and the application of this knowledge
to man's activities and (2) to be used by teachers with little or no
previous background in the modern theories of sea-floor spre@d1ng,
ggnt1nental“dr1ft and plate tectonics. Each module consists of two
oklets: a teacher's guide and student investigation. The teacher's
guide tontains all of the information present in the student
investigation' booklet as well as: (1) a general introduction; (2)
prerequisite student background; (3) objectives; (4) list of required
materials; (5) background information; (6) suggested approach; (7)
procedure, including number of 45-minute class periods required; (8)
summary questions (with answers); (9) extension activities; and (10)
list of references. Two periods are recommended to ‘examine the
topsgraphy of the Pacific Ocean floor, relate this topography to
- plate tectonics, and determine how data on the’age 6f the sea floor
can be used to est1mate the direction and velocity of apparent
sea-floor movement. (Author/JN) .
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NAGT Crustal Evolution Education Project

. * Edward C. Stoever, Jr., Project Director

.

Welcome to the exciting world of current resgarch
info the composition history and processes of the
earth s crust and the apphcatign of this knowledge
to man s activities The earth sciences are
currently'experiencing a dramatic revolution in
our understanding of the way 1n which the earth
works CEEP modules are designed to bring into
[the ciassroom the methods and results of these *
¢onunuing investigations The Crustal Evolution
Edgucation Project began work in 1974 under
the auspices of the National Association of
Geology Teachers CEEP matenals have been
developed by tgams of science educators
classroom teachers and scientists Prior 10
cunlicaton the matenals were field tested by
more than 200 teacners and over 12 000 students
2 irrentcrustal esolution research s a breaking
storytrat stucents are ining through today

About CEEP Modules . "

Most CEEP maduies consist of two booklets a
Teazngrs Gute ang a Stugent Investigation The
Teacner s Guide contamns all tne information

Anc . dlustrations .o tne Student Investigation
pius s=ctions nrintedin color intended only for tne
feacner as 4& as answers to the questions that
are nc'.degn the Student Investigation
In some m5duies trere are illustrations that
appear on'y in t1e Teachers Guide and these are.
<esignated by figure lefters instead-of the number
seguence used ~ the Student Investigation

F odules maps rulers and other

‘assroom™ materiais are needed ard in

’

Trne material was prepared w:th the

suppnrt of Nationai Science Fourdation

Grant Nos SED 75-20451 SED 77-08539

and SED 78-25104 However any opinions

fingings conclusions or ’ecommendations -
£xpressed herein fire those of the author(s)

and do rot necessariy refiect the views ¢
of NSF

In orger 1o comply with U & Public Law
94-86, every schooidistrict in the U S A
using these materials agrees 1o make
them avadanie for inspeclion by parents or
guardians of children engaged in
educational programs or projects of the
school district '
. 1

.
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Teachers and students alike have a unigque
Opportunity through CEEP modules to share in the
unfolding of these educationally important4and
#xciting advances CEEP modules are designed
to provide students with appealing firsthand
investigative experiences with concepts whigh are
at or close to the frontiers of scientific inguiry into
piate tectonics Furthermofe the CEEP modules
are designed !0 be used by teachers with hittle or
no prewous,b'ackground in the modern theories
of sea-floor spreading continental’drnift and plate
tectonics

We know that you will enjoy using CEEP
modules in your classroom~Read on and be
orepared 1o experience a renewed enthusiasm for
teacming astyou learn more about the living earth
N this and other CEEP modules

N ‘

«arying quantities according to the‘method of
oresentation Read over the module before
scheduling its use In class and refer to the list-of
MATERIALS in the module '

Each module 15 individual and self-contained In
content put some are divided into two or more
parts for conyenience The recommended length
of time for each module 1sindicated Some modules
require prerequisite knowledge of some aspects |
of basic eamh science this is noted in the °
Teachers Guide

ERIC . ‘
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Movement Of .T‘he
Pacific Ocean Floor

3

INTRODUCTION
In this module students will investigate the
following questions: '

1. What does The floor of the Pacific Ocean look
like?
2, How is the Pacific sea-Yloor topography related
fo plate tectonics? '

3. How can data on the age of-the sea*floor at
different locations be used to estimate th

1

e
direction and velocity of apparent sea-floq(\ . ,’ '

"
movement? | P

What does the floor of the Pac:flc.Ocean Basin
look like? Why does 1t ook that way? What else
can we discover about 1t?

The map of the Pacific Ocean Floor which your
teacher wiil givé you shows how the Pacific Ocean
might appear without the'seawater On the

map an artist has drawn the ocean bottom
landstape as determined by thousands of depth
soundings of the sea floor =

Thg map shows that there are several different
kinds of features on the ocean bottom In the
southeast Pacific (lower right of map) hes a ridge.
calied the East Pacific Rise, which 1s slowly
spreading outward This mid-ocean ridge is cut_
by many fractures called transform faults.

The Pacific Ocean i1s mostly bordered by déep

trenches The central area of the map shows

ndmerous volcanic islands and underwater
mountains Many of these, such as the Hawanan

PREREQUISITE STUDENT BACKGROUND

Prior to doing this module, a basic knowledge of
crustal processes as deyeloped in introductory

~ CEEP investigations (e.g. Earthquakes And Plate -

ERI!

Aruitoxt provided by Eic:

Boundaries)«is necessary. Students should be

-

-

Islands and the Emperor Seamount Chain, are
strung out In long. nearly straight hines

For more detailed geographical information,
refer to the conventional map of the Pacific
area on the back of the sea-floor chart.

~

familiar with the distortion that accompanies ?1
Mercator projections. In addition, the notion of <
vertilcal exaggeration and a great gircle meridian > 7 N
should be discusbed, Plotting. data on a graph and .
using a simple rate formula are ‘mathematical y - . *
skills required of the students. . *
27 " sy
h , . 4 9w i - )
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OBJECTIVES .
After you have completed this activity, you should
be ableto /

1. Loc?te on a map the principai island chains,
mid-ocean ridges and oceanic trenches of the
Pacific Ocean Basin

2. Plot the data and find the relationship between
the age and location of the islands

3. Determine the direction of’ apparent sea-floor

.movement in the Central Pacific

4. Cailculate the average rate of Racific séa-floor
movement in centimeters per year.

5. Determine the approximate direction of ocean
plate movement on bottusides of the East Pacific
Rise

6. Explaii what eventually happens to the
moving Pacific sea floor .

MATERIALS

Map, Paciflc Ocean Floor, National Geographlc
Soclety, Educational Services, -Department 79,
Washington, D.C. 20036—one map for each
grioup of students. (Notef This map has English
units of measurement. In this module students
will be using both metgjc and English units.)

Physical world globe (optional)—one per class.

BACKGROUND INFORMATION

Notwhere is the relative movement of an entire
crustal plate more dramatically illustrated than
on’'the Pacific Plate. As far back as 1838, an
American geologist, James Dana, noted that the
Hawaiian Islands ‘become progressively older
northwestward along the entire Hawaiian chain.
Dana could only base his evidence on the
relative amounts of erosion and weathering
which were noticeable on the islands. Modern
radiometric dating now supports the notion that
movement of the Pacific Plate has accompanied
the formation of a string of volcanoes that are
progressively younger. Several other similar
chains parallel the Hawaiian chain, i.e. Tuamotu
Ridge and the Marshall Islands.

Althouéh other evidence may be used o show the
direction of Pacific Plate motion, such as the trend
of the “Chalk Line,” nothing appears to be a
better indicator than the route indicategd by the

v

volcanic chains. (The “Chalk Llne is the deposit
of carbonate shells of micro-organisms in
equatorial waters. Throughout time this white,
chalk-like material has been carried northwest-

ward. Consequently, paleontological dating of*

these micro-organisms indicates a northwest-
trending increase in age.)

In recent years the entire system of islands and
seamounts has been considered a chain that +
shows the direction of plate motion. A bend in the
volcanic island chain indicates a change in the
rection of plate motion. Such a bend is obvious

* between the Midway lIslands ahd the Mllwaukee ,

Seamouynt. Since the volcanic material in this . "
area was deposited about 40 million years ago,

it can be interpreted that this change of direction
occurred at the same time. Otper volcanic chains .
in the Pacific (i.e. the Tuamotu Chain) also  * .
bénd sharply at an age of 40 million years. ,
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Al'though not absolutely essential, it would be
helpful to have on hand a physical giobe (e.g,
National Geographic Society, 1971) which shows
the same physiographic features of the Pacific
sea floor without the distortion inherent in the
Mercator projection.

As the maps genera'te much student interest, any
orientation or background material that you

deem necessary should be done prior to dis-
tributing the maps. The following skills and
concepts should be reviewed before students
begin the module:

1. Thesshortest distance between any two .
points on a sphere is along the arc of a great circle
connectingthe two points.

2. Review basic graphing skills. (Note that the
_graph h.as alrepdy been set up for the students.)
3, Review basic direction, rate, and time com-
putations. ) -

.

Once these skills and concepts have beer§5-
tablished, the best way to approach the acfivity is
to hand out the Materials and have students get
started. Questions that arise are best handled

in small groups. N

,
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Students utilize the map, Pacific Ocean Filoor, The ages of several islands in the Hawanan chain .
in identifying the location and directional trend are listed in Table 1. The locations of the islands
of the Hawaiian, Milwaukee, and Emperor - . are.plotted on thesWorkshedt. (Note that the

Seamount Chains. As the ages of the islands are. - age listed for Midway atoll 1s questlonable due to
plotted, it should become apparent that the islands ? difficulties in sampling ) i
grow progressively older away from the |sland

2. Plot the ages of the i1slands on the graph on the

of Hawaii. : Worksheet, above the map of their location.

By kriowing the age of the ditferent islands and - " What happens to the age of the islands as their

the distance of these islands from Hawaii, thes ° distance from the 1sland of Hawan increases? a
students can calculate an approximate rate . The data suggest that there is a positive correla-

of sea-floor movement The fracture pattern on ™ . tion between the age of any given island and -
opposite sides of the East Pacific Rise is additional its distante from the island of Hawaii. The farther
evidence for the directionaktrend of Pacific ) * away it is, the older it is:

Plate motion. ) ! . : .

1
Finally, students are asked to identify the ocean
; structure in whjch a seamount cham appears

to end. - - v
Key words: transform fault seamount, ‘plate, o .
reef, ocean trench, ocean’ ridge ] : ] Table 1 b
Time required: two 45-minute periods , _ Hawauan Island ages
Maternials Pacific Ocedn Floor map =. . Island (or\ﬁeef) . Approximate age
/ 1. Locate the Hawauan Isiand chain, dpproxi- < . . ’ B (millions of years) .
mately in the center of the map In this 1sland’ o Hawan (Kilauea) 0
chain, the highest point above sea level Isthetop =~ Kanmu | * - i 390
. of the volcano Mauna Kea on the island of Hawau Kauar - _ 41
From Hawaii the chain extends thousands of Maut (Haleakala) J 06 p
kilometers west-norfhwest {0 the vicimity ' Midway Atoll 180 (?)
of the Milwaukee Seamount group A seamount Molokai ) 1:8
1S an underwater mountain, commonly an extinct . Necker-Reef t 101
volcano from the vicimity of the Milwaukee * © Nihoa - ' 70
. group. thé trend of the Emperor Seamount Chain + Oahu/ . 31
changes ,&%}he northwest direction. Locate Pearl Reef 201
the northefn end of the Emperor Seamount Chain - Yuryaku . ’ 423
At what ocean basin feature does the Emperor - ) i
Seamount Chain end?  ~ ™~ . ’
+ The Emperor Seamount Chaln ends at the - . .
Aleutian trench. A . : i : ) . /
‘ ¥
t . Lt : . . .
\ ’ e




Age (millions of years)
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The earth's crust consists of a number of separate
rigid plates, some of whose boundaries are
marked by chains of volcafioes For a long time,
volcanic mountains near the center of crustal
plates, like'the Hawanan chain, were a mystery

to many earth scientists On€ possible explgnation
for their formation is that they are the ‘rgst?

of hot spots in the earth matérial beneath the
plates The hot.spot is thought to be relatively*
fixed in position, cofnpa_red to the crustal plate
which 1s moving over it (See Figure 1)

‘As the plate moves over this hot spot, the crust
above is partially melting Molten matenial
reaches the surface, forming underwater vol-
canoes and eventually volcanic 1slands The
'voicamc islands that have been formed are then
carried away In the direction thé plate i1s moving.

N

/immn ot moement of Pache D
\)"’

Use the graph on the Worksheet to answer the
following four questions

3. Accdrding to the explanation g‘tven, which
island 1n the Hawarnan Island chain is pres&ntly
above the hot spot?  ~

Hawaii (Mauna Loa and Kilauea are active
volcanoes on this island).

"4. According to the explanation g;ven, which

island would have been above the hot spot 20

millton years ago? '
‘Pearl Reef- }

5. Assuming that the Pacifi¢ Plate has acted as
one rigid plate during the past 30 or 40 million
years, in what direction has the Pacific Plate
bgen moving?

Northwest (or'more accurately, west-northwest).

-

{ {Kf"\ -/
' .
\&\/“'//Z\I‘/ :
’ L Islard of Hawan

Next isiang?

Figure 1 This diagram @Q)gws how volcanic islands may be formed by a hot spot which punches

@ ough the crust, forming volcanoes as the crustal plate shdes by overhead ¢




The distance from the island of Hawan to Pearl
Reef is about 2,000 km A reef is a ridge of

rock, usually coral, which is at or near the surface
of the water.

6. What has been the approximate rate or
velocity of sea-floor movement, in centiméters
per year, during the 20 million years singe Pearl
Reef was formed? (Note 1 km = 100,000 cm,

s0 2,000 km = 200,000,000 cm.)

rate = 200,000,000 cm _ 10 emv/yr

, 20,000,000 yr
Note: This is an approximation. Students can
utilize the map scale or a globe scale to determiney
a more precise distance between these two

islands.

Use the map, Pacific Ocean Floor, to answer the
next four questions Locat@ the East Pacific Rise in
the southeast parigof the I;{aﬁfac basin This is
thought to e a mid-ocean fidge (or spreading
center) from which new ocean crust matenal is
spreading outward The many fractures that

cut across the ridge are believed to point in the
approximate direc¥ion of sea-floor spreading

7. Locate the area west of the East Pacific Rise
between the Challenger Fracture Zone and the
Eltamn,F_racture Zone Looking at the fracture
patternin this area, tell the directionin which the
Pacific Plate appears to be moving

West-r]orthwest

4 ) ’ . ’

" 8. Locate the drea between the same two fracture

zones on the east side of the East Pacific Rise.
What is the approximate direction of sea-floor
spreading?
East-southeast

Notice the deep ocean trenches that border the
Pacific Ocean bastn. Ocean trenches are long,
narrow depressions found near the edges of
continents. Record the maximum depth of
these features -~

-

., Peru-ChHeTrench -26,454 feef

Aleutian Trench  -25,194 feet .
Japan Trench * -27,600 feet
Marianas Trench -36,198 feet

9. Which of the trenches listed in question 8 ’

. 1S the deepest? °* -

Marianas Trench

How does this maximum depth compare with the .
height of the highest point on earth above sea
level (Mt Everest. 29,028 ft.)?

The Marianas Trench is more than 7,000 feet
deeper than the elevation of Mt. gyerest.

10. Trace the Emperor Seamount Chain north-
ward* from the Hawauan Ridge At what ocean 3
StruCture does the Emperor Seam?unt Chain end?

Y

The Aleutian Trench .

What may this indicate about what I1s happening
to the Pacific Ocean floor? L .

It indicates that the Pacific Ocean floor|may be
plunging downward into the deep bordeting
oceanic trenches.




SUMMARY QUESTIONS

1. In what direction does the Pacific Ocean floor
as,a whole appear to be moving?
West-northwest .~ .

Evidence from what types of ocean featqres can
be used to suggest this direction?-

Island chains; fracture patterns on both’ sides
of pceanic ridges. .

2. How can the fractures-that cut across an
oceanig ridge help in'determining the direction of
sea-floor spreading?

The fractures are oriented ip the'approximate
direction of sea-floor spreading.

3. Inta what kind of ocean feature does the
.Pacific ocean floor appear to be movmg?

The Pacific Ocean floor appears to be plunging
downward into deep oceanic trenches.
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N - Movement Of The G
| - Pacific Ocean Floor -
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. INTRODSCTION . : ,

‘What does the floor of the Pacifie Ocean Basin
look hke? Why does 1t look that way? What else
can we discover about 1t?

The map of the Racific Ocean Floor which your
teacher will give you shows how the Pacific Ocean j
might appear without the seawater On the
map an artist has drawn the ocean bottom
landscape as determined by thousands of depth

. soundings of the sea floor B

The map shows that there are several different
kinds of features on the ocean bottom In the
southeast Pacific (lower night of map) lies a ridge,
called the East Pacific Rise, which i1s slowly ’
gpreading outward This mid-ocedn ridge 1s cut”
by many fractures alled transform faults.

The ,fa‘cmc Ocean 18
.trenches The centra
numerous volcanic 1slands.and undgrwater
mountains Many of these. kuch as the Hawaitan
Islands and the Emperor Seamo hain, are
strung out in [ong, nearly straight lines

ol
tly bordered by deep
f the map shows

OBJECTIVES . . .
After,you have completed this acmtr, you should
be avble to - P i

1. Locate on a map the-principal 1sland chains,
mid-ocean ridges and oceanic trenches of the
Pacific Ocean Basin

2. Plot the data and find the relationship betweep
the age and location of the islands ;
3. Determine the direction of apparent sea-floor
movement in the Central Pacific

ERIC
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4. Calculate the averagesate of Pacific sea-floor ~
movement In centimeters per year

5. Determine the approximate direction of ocean
plate movement on both sides of the East Pacific
Rise

6. Explain what eventually happens to the
m}!\/mg Pacific sea floor
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PROGEDURE * < .=~ -~ -
Matertals Pacific Ocean Floor map

1. Locate the Hawanan Island chain, approxi-
mately in the center of the map In this island
chain, the highest point above sea level is the top
of the voleano Mauna Kea on the island of Hawain
From Hawan the chain extends thousands of
kilometers to the vicinity .
of the Mifwaukee Seamogunt group A seamount -
1S an underwater mountam commoniy an extinct
volcano From the vicinity of the Milwaukee
group, the trénd of the Emperor Seamount Chain
changes to the direction. Locate
the northern end of the Emperor Seamount Chain
At what ocean basm feature d@es the Emperor .
Seamount Chain end? . Foo
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The ages of several islands in the Hawanan chain
are listed in Table 1 The locations of the islands
are plotted on the Worksheet (Note that the

~ age listed for Midway atoll 1s questionable, due to 1‘ v

difficutties win sampling )

2. Plot the ages of the islands on the graph on the
Worksheet, above the map of their location

What happens-to the age' of tHfe islands as their -
distance from the iIsland of Hawali increases? .
+ / :
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Table 1 . ,
Hawanan Island ages

Island (or reef) Approkzmale,age '

(millions of years)

Hawan (Kilauea) 0
Kanmu 380 ..
Kaual . 41 . ~
Maui (Haleakala) - 06
Midway Atoll N 180 (?)
Mqbkai 18
1 Necker Reef . 1T - \‘
Nthoa 70
. Oahu 31
Pearl Reef 5 . 201

Yuryaku 42 3
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THe earth's crust consists of a number of separate Use the graph on the Worksheet to answer the

rigid plates, some of:whose boundaries are following four questions

markedby-chains of volcanoes For a long time, 3. According to the explanation given, which

volcanic mountains near the center of crustal island n the Hawatian Island chain is presently

plates, like the Hawanan chai ere a mystery - above the hot spot? ‘

to many earth scientists *One possible explanation
for their formation is that they are the result b

of hot spots in the earth material beneath the, .
.. plates The hot spot Is thought to be relatively :
. T hxedin posmon campared to the crustal plate

which 1s'moving over #t (See Figure 1)

‘As the plate mdves over this hot spot, the crust
“%ahofe 1s partially melting Molten material
" reaches the surface, forming underwater vol- ' .
canoes and eventually volcanic i1slands The 4. According to the explanation given, which
- volcanic 1slands that have been formed are then island would have been above the hot spot 20
carried away in the direction the plate 1s moving million years ago?

o

. " ' ~
chure 1 This diagram shows how volcanic islands may be formed by a hot spot which punches .
Q rough the crust. forming volcanoes as the crustal plate slides by overhead ,
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5. Assuming that the Pacific Plate has acted as

one ngid plate during the past 30 or 40 million ,
years, in what direction has the Pacmc Plate '
been moving”? . - .

. The distance from the 1sland of Hawali to Pearl
Reef I1s about 2,000 km A reef Is a ridge of

rock, usually coral, which 1s at or near the surface -

of the water

. 6. What has been the approximate rate or
velocity of sea-floor movement, in centimeters

. per year, dunrg the 20 million years since Pearl
. Reef was formed? (Note 1 k#n = 100,000 cm,
so 2 000 km = 200 000.000 cm )
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Use the map, Pacific Ocean Floor, to answér the
next four questions Locate the East Pacific Rise in
the southeast part of the Pacific basin This is
thought to be a mid-ocean ridge (or spreading
center) from which new ocean crust material 1s
spreading outward The many fractures that

-cut across the ndge are ‘believed fo point in the
approximate direction of sea-floor spreading

7. Locate the area west of the East Pacific Rise
between the Challenger Fracture Zone and the
Eltanin Fracture Zone Looking at the fracture
pattern in this area, tell the direction in which the
Pacific Plate appears to be moving.
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8. Locate the area between the same two fracture
zones on’'the east side of the East Pacific Rise
What is the approxnmate direction of sea-floor
spreadmg” .
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Notice the deep ocean trenches that border the

" Pacific Ocean basin Ocean trenches are long,

narrow depressions found near the edges of
continents Record the maximum depth of
these features

Peru-Chile Trench _______ feet
Aleutian Trench — feet
Japan Trench —_— feet
Marnanas Trench — feet -~ . "

9. Which of the trenches listed in question 8
is the deepest?

4

How does this maximum depth compare with the
height of the highest point on earth above sea

level (Mt Everest 29,028 ft)? Ve
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10. Trace the Emperor’Seamount Chain north-
ward from the Hawaian Ridge At what ocean
structure does the Emperor Seamount Chain end?
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What may this indicate about what 1s happemng
to the Pacific Ocean floor?
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SUMMARY QUESTIONS

1. {n what direction does the Pacmé Ocean floor
as

whoie appear to be moving”?

A

Evidence from what types of ocean features can
be used to suggest this direction?

¢ Py

2. How can the fractures that cut across an

oceanic ridge help in determining the direction of
sea-floor spreading?

3. Into what kind of ocean feature does the
Racifiaocean floor appear to be moving?
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