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NAGT Crustal Evolution Education Project

Edward C. Stoever, Jr., Project Director

Welcome to the exciting world of current research
into the composition, history and processes of the
earth’s crust and the application of this knowledge
to man’s activities. The earth sciences are
currently experiencing a dramatic revolution in
our understanding of the way in which the earth
works. CEEP modules are designed to bring into
the classroom the methods and results of these
continuing investigations. The Crustai Evolution
Education Project began work in 1974 under
the auspices of the National Association of
Geology Teachers. CEEP materials have been
developed by teams of science educators,
classroom teachers, and scientists. Prior to
publication, the materials were field tested by
more than 200 teachers and over 12,000 students.
Current crustal evolution research is a breaking
story that students are living through today.

About CEEP Modules...

Most CEEP modules consist of two booklets: a
Teacher's Guide and a Student Investigation. The
Teacher's Guide contains all the information
and illustrations in the Student Investigation,
plus sections printed in color, intended only for the
teacher, as well as answers to the questions that
are included in the Student Investigation.
in some modules, there are iliustrations that
appear only in the Teacher's Guide, and these are
designated by figure letters instead of the number
sequence used in the Student investigation.

For some modules, maps, rulers and other
common classroom materials are needed, and in

The material was prepared with the
support of National Science Foundation
Grant Nos. SED 75-20151, SED 77-08539,
and SED 78-25104. However, any opinions,
findings, conclusions, or recommendations
expressed herein are those of the author(s)
and do not necessarily reflect the views

of NSF.

In order to comply with U.S. Public Law
94-86, every school district in the U.S.A.
using these materials agrees to make

them available for inspection by parents or
guardians of children engaged in
educational programs or projects of the
school district.

Copyright 1579 by Southeast Missouri State University

Teachers and students alike have a unique ‘
opportunity through CEEP modules to share in the
unfolding of these educationally important and
exciting advances. CEEP modules are designed
to provide students with appealing firsthand
investigative experiences with concepts which are
at or close to the frontiers of scientific inquiry into
plate tectonics. Furthermore, the CEEP modules
are designed to be used by teachers with little or
no previous background in the modern theories
of sea-floor spreading, continental drift and plate
tectonics.

We know that you will enjoy using CEEP
modules in your classroom. Read on, and be
prepared to experience a renewed enthusiasm for
teaching as you learn more about the living earth
in this and other CEEP modules.

varying quantities according to the method of
presentation. Read over the module before
scheduling its use in class and refer to the list of
MATERIALS in the module.

Each module is individual and self-contained in ‘

content, but some are divided into two or more
parts for convenience. The recommended length
of time for each module is indicated. Some modules
require prerequisite knowledge of some aspects
of basic earth science; this is noted in the
Teacher's Guide.




Spreading Sea Floors And Fractured Ridges

INTRODUCTION e

When scientists first mapped the mid-ocean
ridge in the Atlantic Ocean, it seemed like a fairly
regular mountain range except for being mostly
underwater. Then in 1953, Marie Tharp, a
geologist at Lamont Geological Observatory,
discovered that the Mid-Atlantic Ridge was split
down the middle. Further mapping showed an
even more curious thing—the ridge isn't a
continuous line of mountains! At many places,
the ridge line is broken by offsets called fracture
zones. Fracture zones are long faults in the ocean
crust. Many fracture zones are shown on the

wall map, Atlantic Ocean Floor, that is used

with this activity.

You know that earthquakes occur along active
faults on the continents. Are there also
earthquakes along the fracture zones?

PREREQUISITE STUDENT BACKGROUND msmsssssmmsmes

Students should know about the different types
of fauits and the relative movement of blocks of
the earth’s crust in each type of fauit. They should
also be aware of the relationship between
fauiting and earthquakes. This activity also pre-
sumes that students know about the topography
of mid-ocean ridges and that they understand the
concept of sea-floor spreading.

OBJECTIVES R S T
After you have completed this activity, you should
be able to:

1. Tell how the geography of the mid-ocean
mountains is different on either side of a fracture
zone.

2. Draw a diagram to show the relation between
sea-floor spreading direction and direction of
rock movement on both sides of a fracture zone.
3. Explain why earthquakes may occur along
only part of a fracture zone.




Wall map, Atlantic Ocean Fioor, National
Geographic Soclety, Educational Services,
Department 79, Washington, D.C. 20036—at least
two copies per class.

World Seismicity Map, United States Geological
Survey, 1200 S. Eads Street, Arlington, Va.
22202—at least two copies per class.

Sea-floor spreading device (including cardboard
base and paper Worksheet)—one for each team of
two students, plus one for yourselif.

These devices must be constructed in advance
as foliows:

1. Prepare sheets of stiff cardboard at ieast

22 x 27 cm in size—one sheet for each pair of
students. Corrugated cardboard from old shipping
cartons is adequate. See Figure A 1.

2. Place the Worksheet from a Student investi-
gation (see Figure A 2) on a sheet of the cardboard.
Use it as a guide to cut two slits in the card-
board. These slits, about 2 mm wide and 9 cm
iong, shouild each be cut under the Worksheet
between the large dots shown. After cutting the
slits with a sharp knife, you can make them

the proper width simply by passing a table knife
through the siits. Use the same Worksheet to
prepare all of the sheets of cardboard. Print

MAR along the edge of the cardboard at the outside
end of each slit (Figure A 1).
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Figure A 1. Cardboard base of sea-floor
spreading device.
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3. Prepare all of the Worksheets as follows:
First, piace a short piece of masking tape at each
end of each Worksheet In the spaces indicated.
Second, slit all sheets down through the center
solid line but do not cut through the masking tape
at the ends of each Worksheet. See Figure A 2,
Then, trim off the excess paper around the
perimeter of each Worksheet.

4. Place one Worksheet on each plece of card-
board. Holding several index cards together as a
“pusher”, push down in succession on the

words “PUSH HERE” between each pair of the
dashed lines on the Worksheet. As you push, each
pair of the dashed lines should move toward
each other and meet. Repeat this procedure

for each Worksheet. See Figure 1.

Students who investigate suggestion 2,
EXTENSIONS, will use the Natlonal Geographic
maps, Arctic Ocean Fioor, Indian Ocean Floor, or
Pacific Ocean Floor. These maps are availabie
from the National Geographic Society at the
address given above. Order at least one of

each map per class.
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Figure A 2. Worksheet for sea-fioor spreading
device, from Student Investigation.




‘BACKGROUND INFORMATION s

Beginning in the early 1950s, large fracture zones
in the sea floor were first discovered in the eastern
Pacific Ocean. In general, fracture zones are
long, narrow faulits in the earth’s crust. They cut
across and trend at right angles to mid-ocean
ridges. Fracture zones disappear close to the
continents. At first it appeared that only the
Pacific Ocean had fracture zones, and that it had
only a few large ones. However, oceanographers
now know that fracture zones are common In

all ocean basins. Some scientists think many of
them may continue through the continental

crust. This seems especially likely in the region
of California and adjacent states, where the
continental crust may overlie a portion of the
mid-ocean mountains of the northern Pacific
Ocean. Large fracture zones, such as the
Mendocino and Murray, may intersect the hidden
mid-ocean mountain range.

Paper Worksheet

A N T e L L

in 1965, J. Tuzo Wilson, a Canadian geophysicist,

combined information on earthquake and sea-
floor spreading to show that active faulting was
likely to occur in only a portion of a fracture
zone: the portion lying between oftset ridges ot
the mid-ocean mountain range (Figure B). This
part of a fracture zone is called a transform
fault.
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Figure B. A mid-ocean ridge offset along a
fracture zone.

Figure 1. Sea-floor spreading device, labeled

as indicated in the instructions. Note the manner
in which the device is to be operated, with
movement indicated by the arrows.



’

SUGGESTED APPROACH

The students should be grouped in pairs,
preferably with partners facing each other across
the lab table, when they begin to use the sea-floor
spreading device. If this arrangement is not
possible, then students can sit in adjacent seats,
tacing each other.

PROCEDURE s s s

As the students begin to make sketches based

P e T T s e = e i TR W S T

on use of the two wall maps, there will be a falr
amount of movement around the room. Make
sure there Is easy passage to wall maps which
should be in widely separated locations In the
classroom. This wiil avold traffic jams and over-
crowding. This activity will be completed faster
if students continue to work as two-person
teams for the entire lab period. Therefore, you
might choose to collect only one set of answers
and sketches from each team.

In this activity students use a simple manipulative
device which simulates motion on the transform
fault portion of fracture zones.

Key words: fracture zone, transform fault
Time required: two 45-minute periods
Materials: pencils, wall maps, Atlantic Ocean

Floor and World Seismicity Map, sea-floor
spreading device for each team of two students.

1. Study the sea-floor spreading device at your
lab station. The central long slit running length-
wise along the paper Worksheet represents a
fracture zone. The sections of Mid-Atlantic Ridge
(labeled MAR on the cardboard) are offset by
this fracture zone. Label the central slit “fracture
zone".

2. a. On your sea-floor spreading device draw
a short line across the fracture zone below the
lower section of the Mid-Atlantic Ridge. Label
both ends of the line “A”. (See Figure 1.)

b. Make a similar line between the two sections
of the Mid-Atlantic Ridge. Label both ends of
the line “B".

c. Make a similar line above the upper section
of the Mid-Atlantic Ridge. Label both ends of the
line “C".

3. Work with a partner who will face you on the
other side of your lab table. Both of you shouid
grasp the Worksheet as shown in Figure 1.

Now, both of you should pull your ends of the
Worksheet siowly toward yourselves at the same
time. CAUTION—stop pulling before the paper
loops pull out of the cardboard!

When you perform the pulling motion on the
sea-floor spreading device, you are simulating
the real motion of the sea floor.

As you both pull on the Worksheet, ook to see if
the two parts of the Mid-Atlantic Ridge are
moving. Also, look to see which parts of the
fracture zone are moving past each other and
which are not. if necessary, push the paper loops
back down through the cardboard and repeat
the procedure.

4. In the space below, make a sketch to show

the parts of the Mid-Atlantic Ridge and final
position of the lines A-A, B-B, and C-C. Draw
arrows on both sides of the fracture zone to show
the direction of rock movement on each side of
the fracture zone.

The students’ sketches should look like Figure C.

5. Did the two parts of the Mid-Atlantic Ridge
change positions? _No

Based on your sketch, write a sentence below that
describes where the paper is moving in opposite
directions on either side of the fracture zone.
This portion of a fracture zone is called a
transform fauit.

The paper is moving In opposite directions on
both sides of the fracture zone only between
the two sections of the Mid-Atiantic Ridge.
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Figure C. Final position of sea-fioor spreading
device marked with arrows to show movement
directions on both sides of a fracture zone.




The sea-floor spreading device was designed to
represent rocks moving past each other on

both sides of the transform fault. Earthquakes
occur on any fault where rocks move past each
other. Therefore, a map of earthquake epicenters
should show places where earthquakes occur
along transform faults in the sea floor.

6. Assume that the paper Worksheet represents
the Romanche Fracture Zone (in the North
Atlantic Ocean) and sections of the Mid-Atlantic
Ridge. Find the Romanche Fracture Zone on

the National Geographic map of the Atlantic
Ocean. Write the approximate latitude and
longitude of the center of the Romanche Fracture
Zone here. '

0° (equator) latitude
20°W. __ |ongitude

SUMMARY QUESTIONS mmssmsmn

7. Make a sketch of the Mid-Atlantic Ridge

and Romanche Fracture Zone in the space below.
Label all parts of the diagram. Take your sketch
to the World Seismicity Map posted in your
classroom. Find the Romanche Fracture Zone on
the seismicity map. Mark a line of x’s on

your sketch to show where earthquakes have
occurred along the Romanche Fracture Zone. In
the space beneath your sketch, write a sentence
that tells where such earthquakes occur.

The students’ sketches should look something
like this:

Earthquakes along the Romanche Fracture Zone
occur onily between the sections of Mid-Atiantic
Ridge. Some students may also correctly

iocate earthquakes along the Mid-Atiantic Ridge.

You have now discovered the transform fault
portion of a real fracture zone. Many other
fracture zones contain transform fauits. They are
indicated by an earthquake pattern similar to

the one found along the Romanche Fracture Zone.

1. What is a fracture zone?

A fracture zone is a fault separating two biocks
of ocean crust which are in motion with respect
to each other along oniy a limited part of the
fault.

2. Which part of a fracture zone is a transform
fault?

The transform fault occurs only on the part

_ between oftset mid-ocean ridge segments.

3. Did sea-floor spreading change the position
of the Mid-Atlantic Ridge sections in your
modei? No

4. Define the term “transform fault”.

A transtorm fault is the part of a fracture zone
where relative movement of the sea floor Is taking
place.

5. Why are earthquakes only along the transform
fault part of a fracture zone?

Earthquakes occur only on the transform fault
part of a fracture zone because that is the only part
of the fracture zone where the blocks of rock

are moving past each other.

6. Make a sketch of two parts of the mid-ocean
ridge that are cut by a fracture zone.

The students’ sketches should look like the sketch
they made of the Romanche Fracture Zone.



EXTENSIONS mrrrrrrr s e s e s e e ey e e e e T S SN e ]

1. Using the Atlantic Ocean Floor map and World
Seismicity Map, locate other transform faults
that are part of the fracture zones.

Students wili find that earthquake zones do
correspond with transtorm fauit iocations in the
Atlantic. They aiso wiil note that the direction

of offset of ridges by transform fauits is, in some
cases, just the opposite of the offset in the
vicinity of the Romanche Fracture Zone which
was examined in this activity.

2. Study maps of the Arctic, Pacific, or Indian
Oceans, such as those found in the National o

Geographic series on the ocean floor. Describe the
location (latitude, longitude) of major offsets

in the mid-ocean ridge where it crosses a fracture
zone. Do these locations correspond with earth-
quakes along the transform faults?

As In the first extension, students wili find that
earthquake zones correspond with transform

fauit locations throughout the worid. Again, they
wili note that the direction of offset of ridges

by transform fauits is, in some places, just

the opposite of the offset in the vicinity of the
Romanche Fracture Zone which was examined in
this activity.
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NAGT Crustal Evolution
Education Project Modules

CEEP Modules are listed here in alphabetical
order. Each Module is designed for use in
the number of class periods indicated. For
suggested sequences of CEEP Modules to
cover specific topics and for correlation

of CEEP Modules to standard earth science
textbooks, consult Ward's descriptive
literature on CEEP. The Catalog Numbers
shown here refer to the CLASS PACK

of each Module consisting of a Teacher's
Guide and 30 copies of the Student
Investigation. See Ward's descriptive
literature for alternate order quantities.

Copyright 1979. Except for the rights to
materials reserved by others, the
publisher and the copyright owner hereby
grant permission without charge to
domestic persons of the U.S. and Canada
for use of this Work and related materials
in the English language in the U.S. and
Canada after 1985. For conditions of use
and permission to use the Work or any part
thereof for foreign publications or
publications in other than the English
language, apply to the copyright owner or
publisher.

CEEP Moduie

Class CLASS PACK
Perlods Catalog No.

¢ A Sea-fioor Mystery: Mapping
Polarity Reversals

e Continents And Ocean Basins:
Fioaters And Sinkers

e Crustal Movement: A Major Force
In Evoiution

e Deep Sea Trenches And Radloactive
Waste

e Drifting Continents And Magnetic
Flelds

¢ Drifting Continents And Wandering
Poles

e Earthquakes And Piate
Boundaries

e Fossils As Clues To Anclent
Continents

¢ Hot Spots in The Earth’s Crust

e How Do Continents Spiit Apart?

¢ How Do Sclentists Decide Which Is
The Better Theory?

o How Does Heat Flow Vary In The
Ocean Fioor?

e How Fast Is The Ocean Floor
Moving?

e |celand: The Case Of The Spiitting
Personality

e imaginary Continents: A Geological
Puzzle

e Introduction To Lithospheric
Plate Boundaries

e Lithospheric Plates And Ocean
Basin Topography

¢ Locating Active Plate Boundarles
By Earthquake Data

e Measuring Continental Drift: The
Laser Ranging Experiment

e Microfossils, Sediments And
Sea-floor Spreading

e Movement Of The Pacific Ocean
Floor

¢ Plate Boundaries And Earthquake
Predictions

e Plotting The Shape Of The Ocean
Fioor

¢ Quake Estate (board game)

o Spreading Sea Fioors And Fractured
Ridges

¢ The Rise And Fall Of The Bering
Land Bridge

e Troplcs In Antarctlca?
¢ Voicanoes: Where And Why?

e What Happens When Continents
Coliide?

¢ When A Plece Of A Continent
Breaks Off

¢ Which Way is North?
* Why Does Sea Level Change?
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