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ABSTRACT . .
Crustal Evolution Eduycation Project (CEEP) modules
were des1gned to: (1) provide students with the methods_ and regults
of continuing 1nvest1gat1ops into the composition, HT?fgry, an
processes of the earth's crust and the appllcafion 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-flQor spread1ng,
continental drift, and plate tecton1cs. Each module consists of two
booklets: a teacher s guide. and student 1nvest1gat1on. The teacher's
guide contains 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. Students prepare a strip map in this 2-3 per1od
activity during which they mark the edges of plate boundaries using
earthquake data, identify the kind of pattern at darthquake zones
show on the earth's surface, and explain whytggtthquakes occur more
frequently in some places than others. (Author/JN),
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Nelcome o the exciting world of current research
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eartn's crust and tne apphcation of tnis knowledge
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Teachers and students alike have a unique
opportunity through CEEP modules to share in the
unfoiding of these educationally important and
sxciting advances CEEP modules are designed
1o provide students with appealing fersthana
investigative experiences with concepts which are
at or close to the frontiers of scienyfic inquiry into
plate tectonics Furthermore the CEEP modules
are designed to be used by teachers with httie or
ro presous hackgroaund n the modern theories
of sea-flnor spreading continental anift and plate
pctonics

Ve know that you wih enjoy using CEEP
maoduales v your classroom Read on and be
oreparsd 0 Oxwr'mre a renewed entnusiasm for
30179 3S U learn more ancu® the i, ang earth
:") *'Nr CEEP mcdutes
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i ana sef-contained in
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. BACKGROUND INFOR%TION =

Locating Active Plate Bouhdaries , ~

By Earthquake Data -

l NTR o D U CT l o N e R TS e e A T e ST S e s T

This module is designed so that students can
apply earthquake location data to find plate
boundaries. In some respects this is a discovery
activity because the students do pot know how
many platés.there are until they mark(the
boundaries.

x -

Why do some places on the earth have more

Many geologists believe they know why earth-
quakes occur more often iri California than

in Texas. They think the earth’s crust 1sgdivided
into huge plates These plates fit together like

a huge yig-saw puzzle. Information from
. seismograph records shows that most earthquakes
occur along the edges of plates

o

earthquakes than others? To find out where earth- K\ ,! :

quakes occur, geologasts use a specnal machine
called a seismograph (an instrument Which
records earthquake vibrations). Seismographs
help geologists decide if the earthquake occurred
in China or Alaska or California or Missours

It 45 known that earthquakes occur more often

in some places than others, * ;

Thé& students will need to be famlllar wzth the . ’ .

following words: earthquake, plate tecfonics,
trench and ridge.

OBJECTIVES mmmme

- After you have completed thas activity, you

should ‘be able to -

1. Mark the edges of plate boundanes using N

earthquake data

MATERIALS =

Scissors—one pair for each student

Glue—one boitle for each group of students
Colored pencils—a Set {dr each group of students
String (optional—see EXTENSION)

Map, The Political World. and ?nap, The
Physical World, National Geographlc -Society,
Educational Seérvices, Department 79, :
Washmgton, D.C.;20036—o0ne of each map per
class s

. . Nt

Why do some.areas have more earthquakes than
others? Accoreﬁng to the theory of plate tectonics,
the earth's crust |s divided into rigid plates of
rock. The boundaries of these* plates are
commonly associated with eoldgical actiylty,
such .as earthquakes, votcanism and mountaln- -
building. Plate boundaries are also associated -
with ocean trenches and ridges, island arcs,

and subsurface gravny anomalies. Flgure A shaws
the major plate® boundanes The exact.locatlong’
of certaln plate boundaries arethe subject )
of debate. - Y
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2. ldentafy the Rmd of pattern that earthquake

_zones show on the earth’s surface

3" Expldin why earthquakes occur more fre-
quently in some places than others

~




Locating Active Plate Boundaries | N

By Earthquake Data -

INTRODUCTION msasasonsssssmenss

This module is’ designed so that students can
apply earthquake location data to find plate
boundaries. In some respects this is a discovery
activity because the students do got know how
many plat8s.there are until they mark’the
boundaries.

[

Why do some places on the earth have more

Many geologists believe they know why earth-
quakes occur more often irt Calhfornia than
in Texas. They think the earth's crust isgdivided
into huge plates. These plates fit together like
a huge jig-saw puzzle. Information from

. seismograph records show’s that most earthquakes
occur along the edges of plates.

L3

earthquakes than others? To find out where earth- /\ " .

quakes occur, geologrsts use a specnal machine
called a seismograph (an instrument Which
records earthquake vibrations). Seismographs
heip geologists decide if the earthquake occurred
in China or Alaska or California or Missours.

It is known that earthquakes occur more often

in some places than others. * '

PREREQUISITE STUDENT BACKGROUND s

Thé students wili need to be familiar with the
following words: earthquake, plate tectonics,
trench and ridge.

OBJECTIVES :esssmumsn

- After you have compieted thns activity, you

sh0uld ‘be able to.

1. Mark the edges of plate boundarres using v

earthquake data.

MATER!ALS =
Scissors—one pair for each studert

Glue—one bottle for each group of students
Colored pencils—a Set for each group of students
String (optional—see EXTENSION) -
Map, The Political World. and map, The

Physical World, Nagional Geographrc-Socnety,
Educational Services, Department 79, :
Washington, D.C.;20036—one of each map per
class

. N NS

. BACKGROUND INFORMQITION

2. Identify the kind of pattern that earthquake
_zones show on the earth's surface
3 Expldin why earthquakes occur more fre-
quently in some places than others

Why do some .areas have more earthquakes than
others? Accordtng to the theory of plate tectonics,
the earth's crust is divided into rigid plates of
rock. The boundaries of these* plates are
colmmonly associated with eoldgical actiyity,
such as earthquakes, votcanism and mountaln- -
building. Plate boundaries are also assoclated -
wlith ocean trenches and ridges, island arcs,

and subsurface gravrty anomalies. Figure A shows
the major plate boundaries The exact.locationy’
of certain plate boundaries are the sup]ect ’
of debate. - Cox '
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SUGGESTED APPROACH ==

A pre-activity)class discussion (about 10
minutes) should {hclude a brief introduction to
the concept of plates. Students aiso should be
familiar with the definitions of crust, trench,
ridge; and earthquake. Briefly discuss the
questions posed by the activity and the
INTRODUCTION.

In a post-activity discussion, éncourage the class
to reach a consensus on the boygdary locations
by making use of The Physical™¥orld map.
Stress the fact that not all geologists agree on
the exact locations of some boundariés. Some,
students may have difficulty, extrapolating boun-
daries where therg are no earthquak‘es,

F'\%Nonh Ar}}e% p%

Figure A. Map show’ing proposed blate boundaries.

PROCEDURE ==s=sscmes e

In this activity, the student will focate the ,
b%undaries of piates by relating them to the{ 7
woarldwide distribution of earthquakes.

Key word: seismograph

Time required: two to three 45-minute class
periods, depending on whether the students color
their maps.

Materials. scigsors, glue, colored pencils, string
(optional), map, The Political World, and map,
The Physical World. 2

1. Pive worksheets, labeled Panels 1-5, are
located in the back of this module Cut out all the
panels carefully and place them on the table
-1n front of you, in order, with Panel 1 on your left
and Panel 2 to the right of it, etc.
if your students will not be doing the EXTENSION,
direct them to skip Step 2. (However, see remarks
under Step 7.)

2, Glue each panel onto a piece of heavy
construction paper and cut out the construction
aner along the edge of each panel

3. Glue the paneis to each other as shown in

Figure 1 This will form a long strip map.

Be sure thgt you glue Panel 1 to Panel 2 and Panel =
2'to Panel 3, etc i .

Figure 1 Diagram shows how to glue Panel$ 1-5
together. g



4 . . -
/ A strip map should be construcied prior'to class Along their boundaries, two plates are pushing
for display so the students may look at it if they against each other, pulling away from each
f are unsure of its construction, cother, or sliding past each other Geologists also
‘After the students have constructed their strip use the locations of deep ocen trenches and ,
maps, you may want to instruct them to color high ocean ndges to help locate plate boundaries.
the continents with colored pencils before 4. Look at your strip map. Are e'arthquakes
[ going on to the next activily. Display a world map scattered evenly all over the earth? _Ng
‘ s0 the students can write the names of the 5. Which of the diagrams here most correctly »
& continents on their strip maps. shows the pattern of earthquake dis- .
The strip map which you have constructed shows tribution? B
} all the continents of the world. You can also : ]
. see thousands of dots’on your map. Each dot v
./ represents where an earthquake has occurred. If
the theory of plate tectonics is correct, most
eqrthquakes occur at;the edges of plates. ‘ . y
\ ‘ , +
. EY ',"—’ fi"‘; B
£ % T ¥ w
T s > . ‘ .
x s, % 0w ) - -
~ . ‘.‘ i.J‘
. e . e
A Separate groups "B. Lines and curves C Random spacing .
. : * ’ .
6. Draw lines on your strip map“where you thm( 7. How many plates did you outline?
the plate edges might be, using earthquake At least 10. If your students have difficuity
' patterns and ridge and trench locations to help , counting the plates direct them to do the
. i you locate the boundaries. You may want t9~ ] EXTENSION. Then the count may be éasier.
look at a map of the ocean floor to locate ridges - 8. Did everyone in the class want to put'the plate

and trenches. You will have to use educated cdaes in exactly the same places? _No
guesses’and some imagination in certain places. 9 y plac B

'&d ) Why or why not?
You sh6uld end up with a jig-saw design that
might look something like Figure 2" ’ Students,oﬂenky they could not agree because

. they did not have sufficient number of earthquake
locations. They feei they do not have enough
information to make all the decisions they would
like to make. For example, sime students want
to make a North American Pfate and a South
American Plate; however, on the map the
evidence Tor this is weak. .

rmy

L --Figure 2.” Schematic grawing of some plate
" boundaies. d
) . _ \ N |
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SUMMARY QUESTIONS s e o e e

1. It was difficult to mark certain plate boundaries
because R
there were nokenough earthquake locations

to clearly identify a plate boundary. )

2. Earthquake zones are: 1) separate groups,
2) lines and cuyves, or 3) evenly spaced. *_2_

3. Explain why you'think earthquakes dccur

along plate boundaries.

Plate boundaries are places where plates' are

being pushed together, forced apan, or sliding

past each other. This action produceg earthquakes '

in the areas of compression and tensjpn.
-

~

EXTENSION cmmmeses
p .

Complete a twenty-sided globe using your strip

map Glue all tabs on each panel to the panel

next to it,Then attach the tabs on Panel 1 to

Panel 5

Compare your globe to a spherical globe in your
school. -

The students may have a difficult time putting .

their globes together. A globe should be con-
structed before class so that students may look

at it if they are unsure of its construction. As

the students are putting their globes together, you
may want 10 have them attach a string to the

top of their giobes to hang for dispiay.

R E FER EN CES ST ST ST S e e e e

Alexander, T., 197
tectonics hag given-us a whole new earth.
Smithsonian, v. 5, no. 10 (Jant), p 30-39.
Alexander, T., 1975, Plate tectonics has a lot
to tell us about the present and future earth.
Smithsonian, v 5, no. 11 (Feb.), p. 38-47.
Dewey, J.F., 1972, Plate tectonics: Scientific '
American, v 226, no. 5 (May), p. 56-72 (also
included 1n Wilson, J:T, ed., 1976, Continents ) /)
adrift and continents aground. San Francisco, .
W.H. Freeman and Co., p 34-45).
Schiller, R., 1971, The continents are adrift.
Reader’'s Digest, v. 98, no. 588 (Apr.), T
p. 101-106. . ' .
Wylie, P.J., 1976, The dynamic earth. New York, °
John Wiley and Sons, Inc., 416 p.
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: lNTRODUCTlON I R %a%-ﬁ‘”"’ A P JE et A NP § E ]
: Why do some places on the earth have more Many geologists believe they know why earth-
¢ earthQUakes than others? To find out where earth- quakes occur more often in Caldornia than
quakes occur, geologists use a special machine In Texas. They think the garth’s crust is divided
. called a seismograph (an instrument which jinto huge plates. These plates fit together like
regords earthquake vibrations). Seismographs ~~ ahuge jig-saw puzzle Information-from
. help geologists decide if the earthquake occurred seismograph records shows that most earthquakes
. in China or Alaska or California or Missouri. occuT, along the edges of plates.
¢ It is known that earthquakes occur more often 5,
In some places than others. :
' 1\ OBJECTIVES st asses s s st St o/ sansin soatitoss S s o minsif ot STt o IO 7 P
Aft r you have completed this activity, y0u 2. Identify the kind of pattern that earthquake
uld be able to: - . zones show on the earth’s surface. -
1. Mark the edges of platé‘bomdarses using 3. Explain why earthquakes occur more fre-
. earthquake ?a"ta i quently 1n some places than others.
) ¥

RS B e S TSR = I RE e T R R R - e e, ST ]

PROCEDURE TS

Matenals; scissors, glue, colored-pencils, sﬁmg
(optional); map, The Political World, and map,
The Physical World.

1. Five worksheets, labeled Panels 1-5, are

located in the back of this module. Cut out all the

panels carefully and place them on the table

in front of you, in order, with Panel 1 on your left
' » and Panel 2 to the right of 1t, etc.

2. Glue each panel onto g piece of heavy .
T4 construction paper and cut out the construction
paper along the side of each panel

AN 3. Glue the panels to each other as shown in

. . Fgure 1. This will form a long strip map. . Figure 1 Diagram shows how to glue Panels 1-5

N Be sure that you glue Panel 1 to Panel 2 and Panel together./

1% 2 to Panel 3, etc ' .

0 . The strip map which you have constructed shows

Q~ .~ all the continents of the world. You can aiso

\{l see thousands of dots on your map. Each dot

V) B’ represents where an earthquake has occurred |f
‘ ) the theory of plate tectonics is correct, most °

_earthquakes occur at the edges of plates.
Along their boundaries, two plates are pushing
against each other, ptilling away from eaeh
other, or sliding past each other. Geologists also
use the locations of deep ocean trenches and

) 1 4
EKC Copyrght 1979 by Southeast Missour: Stato Unwersity ¢ ¢ 4 high ocean ridges to help locate plate boundaries.
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attered'evenly all oxgzr the earth?

5. Which of the diagrams here most correctly
shows the pattern of earthquake dxs— ~
tribution?

———

A Separate groups

4. Look at your strip map. Are earthquakes

* 6. Draw lines on your strip map where you think
the plate edges might be, using earthquake 1
patterns and ridge and trench locations to help  °

B Lines and curves

you locate the boundaries. You may want to
look at a map of the ocean floor to locate ridges
and trenches You will have to use educated
guesses and some 1magination in certain places.
You should end up with a jig-saw design that

might look something like Figure 2.

r

anure 2. Schematic drawing of some plate
bOLLndanes %

7. How many plates did you outline?

8. Did everyone in the class want to put the plate
edges in exactlyfthe same places?
Why or why not?

C. Random spacing

SUMMARY @UESTIONS - - .

. It was difficult to mark certain plate boundaries
because '

¢

-

2. Earthquake zones are 1) separate groups,

2) hines and curves, or 3) evenly spaced.

3. Explain why you think earthquakes occur

along plate boundaries

EXTENSION ?‘ﬁggﬁﬁ—gﬁ -
nty-sided globe using your strip .

Complete a t

l:f%gﬁﬁfﬁ

map Glue alf tabs on each panel to the panel
next to it. Then attach the tabs on Panel 1to,

Ranei 5.

Compare your globe to a spherical giobe in your

school.
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