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r NAGT- Crustal Evolution Education Project

Edward C. Stoever, Jr., Project Director

Welcome to the exciting worid of current research
iNto the composition history and processes of the
earth s crust and the application of this knowledge
1o mans 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 Crustal Evolution
Edication Project began work in 1974 under
tne auspices of the National Association of
Geolngy Teachers CEEP materials have been

--devetoped py teams of science educators
213S5400m™ teachers .and scientists Prior to
oabhauon the matenals were field tested by

290 teacners and over 12 000 students

C Jcrent Crastal evolution research is a breaking

‘rat stadents are ving through today
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About CEEP Modules...
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Teacrers Gu
gen: investigation
dim color intended only foy the
answers to the questions that
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suppor® of Nationai Sciemce Foundation
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* expressed herein are those of the author(s)
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of NSF .
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. MAT tR;AL: n

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 ur close to the frontiers of scientific mquur@ into
plate tectonics Furthermore, the CEEP' modules
are designed to be used by teachers with hitie or
no previous packground in the modern theories
of sea-flgor spreading continental drift and plate

_ tectonics. —

~ We know that you will enjoy using CEEP ™
modutes in your classrocom Read on and be
crepared to experience a renéwed enthusiasm for
teacming as you learn more about the living earth
©'his and other CEEP modules

CArying quantities acco romg o the method of
oresentation Read over the modu!e hefore
scheduling its use in class and refer 1o the hist of
the moduie

Facn module s individual and seif-contamed n
Hut so™Me are civided 1o twO or more
parts for convenience The rocommended length
ttime foreach maodule s indicated Some modules
require prereduisite kxnowledyge of some aspects
~f pas. 2arth science this is noteg 1n the
Teacrers Guide
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lméginary Continents:
A Geological Puzzle
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INTRODUCTION szsmsnz

This module suggests to the student that knowing
the ages of rock types on two separated land
masses is a clue to their having once been

{oined together. The studgnt is then provided with
"4 graph showing four radioactive decay curves.
From this graph, the student calculates the
__ages of six rock units.— - - -

The puzzle can now be solved ‘by cutting out

the continents and trymg to see if the continental
coastlines match. Most students find that the
continents do not fit very well. They then

follow the hint and solve the puzzle by bringing
the “X" rock units together: )

Experience has shown that the students enjoy
this activity and are intrigued by the idea that
sea-floor spreading took place as the continents
moved apart. In fact, they will reconstruct the
motion several times after they solve the puzzie.

PREREQUISITE STUDENT BACKGROUND

Although it is not necessary in carrying out
this activity to know how graphs of radicactive
- decay are pcoduced it.is suggesteg that

some background on this subject ‘be provided
before the activity is initiated. ) .

OBJECTIVES v cmr™ o - s
After you have completed this activity, you
should be able to ;

“1. Find the age of a rock by usmg a

radioactive decay-curve

MATERIALS === .-
Scissors

BACKGROUND INFORMATION miscossfn v oo oo o= -

The mformahon that follows will be helpful in
explaimng to your students how radioactive
decay curves’are formed The jdea that a
geologist can takessome rocks,and, by using
scientific equ:pment determife their ages, may

be new to some students. ¢
The technical part of this activity :s concerned
with the radioactive decay process and how it

is used in the dahng of,rocks.

SRR \-.r,:‘"‘ﬁ?’*f’“’*i ARSI
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Imagine you are looking at the earth from a
spaceship Does it look like South America and
Africa were‘once joined together? Would
knowing the ages of the rocks on the two contlnents
help you to‘dec:de” ’ .

Geolog:sts have been trying to find out'if these -
contineptswere joined together long ago

They ﬁ?ﬁn\aka many comparisons including
evidence from?gssxls‘ glacial féatures, and

rock ages In this activijy you will be comparing
the ages of rocks ‘on two imaginary continents
Suppose you are a geologist Were the imaginary
continents once one giant continent? As in other
puzzles, the solution may surprise you!

2. Decide whether or not two imaginary
continents.might have been joined at one time.

3. Estimate the unknown+ages of rock Units

- by inference -

4

When a mineral containing radioactive material
forms, a “clogk™ is started,as the products of
radioactive decay begin to accumulate in the
mineral. Radioactive decay is a spontaneous
process that accurs in the nuclei of atoms. It

. invglves the rglease of various fqrms of radlation,

as a result of which.both the mass and the

- atomic number of the original element change to

produce other elements (daughter elements).

The stages in the radioactive decay of **U, shown -
in Figure A, will*help to illustrate the changes
that take place in several stages of decay.

[}
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Figure A. Stages in the radioactive decay of

Uranium-238.

Source: AGl, 1967, Investigating the earth, 1st ed.,
TE =2, Boston, Houg%ﬂon Mifflin Co., p. 473.

Another way of expressing the radioactive process
is shown in Figure B. Notice that **U decrélses
with time and that **¢Pb (the daughter element)
increases with time, At any one moment, the

sum of the percentages of each element remaining
equals 100 percent of thre original radioactive
material. ,

In Figure B the time in “half-lives” is indicated
along the horizontal axis. Since the scientists
can measure the half-lives of many different
radioactive elements, the time can be reported
in years—as you see on the radioactive decay
curve in the student activity.

When dating rocks containing uranium, both
1sotopes are usually used to determine the age of
the rocks. Th? ages always agree unless some

of the isotopes have escaped.

SUGGESTED APPROACH sacsmsctomem s o oriies s oo oo o st anee S s sme

Prior to presenting this activity to the students,
explain the principles of radioactive decay

and the radioactive decay graph. Be sure they can
obtain the data they need for this activity from the-

radloactive decay curve, p

Pre-lab’(5 minujes). You might polint out on a
globe that it looks like South America and Afrlca
were once joined. Ask the class, “If they were
joined, would the rock unlts on each continent
be the same age?” Then leall Into the actlvity and
let the students work individually or in groups

of two, ’
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Figure B. Rate of radioactive decay.

,During the laboratory walk around the class to
answer any questions of procedure.

Post-lab (10 minutes): Réview the students’
answers to the questions and the yglues they
determined for the rock ages. Ask the

students to explain what happened after the two
continents separated. (Answer. Sea-floor .
spreading took place and split the continent of
Bewarland.) Conclude the post-lab with a

statement that finding the ages of rock unlits to be

the same is good evidence that the landmasses
were once joined together. However, additional
evidence is required if we want to be sure

that drift occurred. - .
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Figure A. Stages in the radioactive decay of

Uranium-238.

Source: AGI, 1967, Investigating the earth. 1st ed.,
TE =2, Boston, Houg?\ton Mifflin Co., p. 473.

Another way of expressing the radioactive process

is shown in Figure B. Notice that 2*U decréses - ‘ ,Q‘O
~  with time and that #°¢Pb (the daughter element) B \ -

increases with time. At any one moment, the - \‘f,

sum of the percentages of each element remaining E /\\’.; -

equals 100 percent of the original radioactive
matenal. ,
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In Figure B the time in “half-lives" is indicated .
along the horizontal axis. Singe the scientists ~ N } .. 5
can measure the half-ives of many different : ;

radioactive elements, the time can be reported ) ’
in years—as you see on the radioactive decay
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curve in the student activity. S NGESUpSR Y S S
When dating rocks containing uranium, both . s St eh i s bEEs
. 1 1 L
1sotopes are usually used to determine the age of ~ | T
the rocks. Th? ages always agree unless some ( !

of the isotopes have escaped. o
Figure B. Rate of radioactive decay.

SUGGESTED APPR OACH ST SIS e T e AT ST T T e —;«—:;S*zf:«:ﬁe—‘ AR, S S -
Prior to presenting this activity to the students, ,During the laboratory walk around the class to
explain the principles of radioactive decay : answer any questions of procedure.

and the radioactive decay graph. Be sure they can
obtain the data they need for this activity from the-
radioactive decay curve.

Post-lab (10 minutes): Réview the students’
answers to the questions and the yalues they

f ) determined for the rock ages. Ask the
Pre-lab’(5 minuges). You might point out on a students to explain what hapbened after the two
globe that it looks like South America and Africa continents separated. (Answer. Sea-floor .
were once joined. Ask the class, “If they were spreading took place and split the continent of »
joined, would the rock units on each continent Bewarland.) Conclude the post-lab with a R
be the same age?” Then leal into the actlvity and statement that finding the ages of rock units to be
let the students work individually or in groups the same is good evidence that the landmasses
of two, ’ were once joined together. However, additional
: ’ evidence is required if we want to be sure - .
’ that drift occurred. - . "\
‘ )
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' Note: You shduld keep in'mind that this activity Is
developed In vastly simplified form. Geologists

generally agree that radlometric dates are . o -
not as definltive as other evidence, e.g., rock ) ~ .
‘ types, geologic strugture, and fossll collectlons. . . -

N Remind your students that positlve corrélation . '
between contlnents requlres multlple Iines. . .
of evidence. . B -
PROC EDURE sotmresmms onsrmste i ot it i o n B Somiin, (o = I n ARt VAT ol » it ARy

. In this activity, the student will determine the 1. Look at the shape of the imaginary continents ‘e

ages of six rock unlts from a graph contalning on the Worksheet Do they look like they would
four radivactive decay curves, Using this data, fit together in any way?

' they tit imaglnary continents togethes. Students may answer yes of no. 1
Key word: radioactive decay (You wiii need to . 2. Determine the ages of the-different rock units
explam this concept since |t is not deflned ' by completing Table 1. You can find the age
in {he module.) of each rock unit by ul§ng the graph in Figure 1
Time required: one 45:minute period or longer . as explained by your teacher

Bewarland




Everyone knows that when a puzzle s sqQlved the
pieces should fit together perfectly or almost
perfectly. Think about this puzzle a minute

and then cut completely around each continent

Each continent should

one complete plece.

You now have two pieceslof paper. Wh@t can you
do with Bewarland and rock type X in order
to make the continents fit together?

‘ £
Move rock type X unil the edges touch each other.

What you have just done I1s similar to-one of the
methods which scientists use to suggest that
continental positions may have been different

in the past

°

3. Using the age of the rocks recorded in Table 1,
draw dashed lines between the contirtents on

the Worksheet to match rocks of similar age .

Be sure to draw your dashed lines from the rock
boundary lines of one continent to the rock
boundary lines of the other

Note Rock ages support the joining of continents
If (1) rocks of the same type In corresponding
parts of the two continents. are about the same
age, and (2) there are many, many rock samples of
known age to compare. If the rock types are

not the same age, then the continents were
probably not joined -

Could the continents have been one big continent
*based on the agés of corresponding rock

types? "
Most students should write yes.

~’

-

> ' . é

4. To see if the continents fit, cut alon'g the sides
that you think fit tOQether See if the shorelines
match -

CAUTION: When cutting out the contmen?

. Bewarland, sfisdents should not-cut through the

notch. The activity.works better if.the continent
e
Bewarland is not cut in half

Could the continents have fit together at one

" time? i .

Most studems will write no.
If you' answered no,‘or-don't know, ask your

" teacher for a hint ~

&

The hint (sée-&bove) is reproduced on the reverse
side of the student Worksheet:

5. Rock units D and W were not analyzed What

_are therr probable ages”?

Rock Unit D ‘0.3 x 10°  years

_Rock Umt*W 1.4 x 10° years




, ” Table 1. ’ ,
R , Ages of the rock-units L
) . Rock Radioactive % of Original  Age of Rock s
- Uit Element Mass s B .
‘ , Remaining , , ’
A sy 60 3.3 x 10° years '
B 35y 25 1.4 x 10° years
C 8Rb = 975 2.3  x 10° years
X 25y 125 2.1 x 10° years .
. Y 2381 95 0.3 x10° years
’ Z #2Th 87.5 3.25 x 10° years ,
. L .
. . . B
\
¢ -
L 4
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, ‘. A -
1 , 100 .. T
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- Figure 1 Graph of radioactive decgy curve. . .
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SUMMARY QUESTIONS . . - - wo oo e Yoo i o v 15 o s ine st
1. What other kinds of evidence might support : . . : .

the 1dea that two continents were once joined? . |
Additional evidence could include:

a. the fossils found in each continent ‘ / - .
b. geological featuréds . - . \
c. ages o(other types of rotks . . .

2. Why is it important for scientists to compare _

corresponding rock types as well as corresponding

rock ages when matehing rocks on different ' ‘ }
continents?

Corresponding rock types must be comparbd
" because knowing tHat the ages of the rocks
are the sanie is rpt enough, The ages must
“correspond” to the geometric fit of the rock {ypes. .
Otherwise any two or more cohtinents could - ..
be joined because they all have rocks of Y. .
similar ages. '

EXTENSION e L

Read the articie by P M. Hurley in Scientrfic .
-American, histed in the REFERENCES, and .
compare his findings with what you have learned
in this activity (The article was also reprinted
in Continents Adnift, 1972, WH Freeman and \1
Co.) Do you think that Africa and South America, i
were once combined into one farge continent? ' -
3

REFERENCES »

AGl, 1978, Investigating the earth, 3d ed, TE,

Boston, Houghton Miffin Co , p 306-308
Eicher, DL, 1976, Geologic time. Englewood

Ciiffs, N.J , Prentice-Hall, Inc , 150 p ) . J
Hurley, P M, 1968, The confirmation of

continental dnft Screntific American, v 218,

no 4 (Apr), p 63-64

.
|

e .



ERI!

Aruitoxt provided by Eic:

NAGT Crustal Evolution
Education Project Modules

GEEP Modules are listed here 1 alphabetical
order Each Module is designed for use In
the number of class periods indicated. For
suggested sequences of CEEP Modules to
covér specific topics and for correlation

of CEEP Modules to standard earth science
textbooks, consutt 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
iterature for alternate order quantities

-~

]

Copyngnt 1979 Except for the nights to
matenals reserved by others the
nuhh%hprandthecopynghtownerherpby
grar! permission without charge to
Anmestic persons of the U S and Canada
for yse of this Work and refateg materials
m the English tanguage 1in the US and
fanada after+1985 For conditions of use
@nd permission to use the Work or any part
!hmoof for foreugn ‘publications of
bubhications in other than the Engiish
language apMytorhecopyngh10wner3r
’)Uhh‘ShP'

CEEP Module

Class CLASS PACK
Periods Catalog No.

s A Sea-floor Mystery: Mapping
Polarity Reversals

* Continents’ And Ocean Basins:

“  Floaters And Sinkers

* Crustal Movement: A Major Force

v In Evolution

e Deep Sea Trenches And Raglioactive

- Waste

* Drifting Continents And Magnetic
Fields ,

e Dritting Continents And Wandering
Poles

» Earthquakes And Plate
Boundaries

* Fossils As Clues To Ancuent
Continents

g * Hot Spots In The Earth's Crust

» How Do Continents Spiit Apart?
* How Do Scientists Decide Which Is}
The Better Theory?

¢ How Does H&at Flow Vary In The
Ocean Floor?

* How Fast Is The Ocean Fioor
Moving?

* lceiand: The Case Of The Splitting
Personality

¢ Imaginary Continents: A Geological
Puzzle

* Introduction To Lithospheric
Plate Boundarjes

¢ Lithospheric Plates And Ocean
Basin Topography

e Locating Active Piate Boundaries
By Earthquake Data

¢ Measuring Continental Drift: The ¢
Laser Ranging Experiment

* Microfossils, Sediments And
Sea-floor Spreading:

* Movement Of The Pacific Ocean
Floor

e Plate Boundaries And Earthquake
Predictions

* Pjotting The Shape Of The Ocean
Floor

* Quake Estate (board game)

* Spreading Sea Floors And Fractured
Rldges

¢ The Rise'And Fall Of The Bering
Land Bridge

¢ Tropics In Antarctica?
® Volcanoes: Where And Why??

* What Happens When Continents
Collide?

* When A Piece Of A Continent
Breaks Of

* Which Way 1s North?
® Why Does Sea Level Change?

-7 3 33 W

3-5 34 W
34 W
34w
34 W
34 W
34w
3aw

34 W
34 W
34 W

34w
34w
1]
34 W
3w
34w
34 W
34w
3
34w
34w
34w
34w

KL )

KL L)
34 W

34 W

34 W
34 W
KL )

2 KL )

3 3dw
2-3%¥ 33w

i

1201,
1202
1203
1204
1205
1206
1207
1208

1209
1210
1211

1212
1213
1214
1215
1216
121%
1218
1219
1220
1221,
1222
1223

1224
1225

1227

1228
1229
1230

1231

1232
1233




-

-1

. .

[/ . -
.

- \
.
A
‘ .
. 3
. .
5

Ward’s Natural Science Establishment, Inc. )
P.O. Box 1712, Rochester, New York/14603 * P.O. Box 1749, Monterey, California 93940

()  MODULE NO. Tx8 541 - i j
ERI

" 0-99873-020-7
ot roviasd by G

Printed in U.S A.




NAME

CRUSTAL

EVOLUTION Student Investigation
-EDUCATION
PROJECT Catalog No 34wW1115

Imaginary Continents:
A Geological Puzzle

L

INTRODUCTION ‘ ooy

imagine you are laoking at the earth from a
spaceship Does it look like South America and
Africa were once joined together”Would
knowing theages of the rocks onthe two continents
help you to decide?

Geologists have been trying +to find out if these/q"
continehts were joined together long ago

They are making many cemparisons including
evidence from fossils, glacial features, and-

rock ages In this activity you will be comparing

the ages of rocks on two imaginary continents
. Syppose you are a geologist Were the imaginary
continents once one giant continent? As in other
puzzles, the solutnon may Surprisg you! -

OBJECT!VES ' .

After you have completed’thls actuvuty you
should be able to

1. Find the age of a rock by using a
radicactive decay curve.

2. Decide whether or not two imaginary
continents might have been joined at one time
3. Estimate the unknown ages of rock units
by inference y




" PROCEDURE <% - =i o -,

Materials ‘scissors -~ -

1. Look al the.shape of the imagmary continents
on the'Worksheet Do they look like they would
fittogether nanyway? ____ + = I
2 Determme the ages of the different rgck units y
by completing Table 1 Yourcan findthe-age"

of each rock unit by using the graph in Figure 1
as explained by your teacher . -

3. Using the age of the rocks recorded in Table 1,

. draw dashed lines between the continents on

the Worksheet {o matth rocks of similar age. .
Be sure to draw your dashed lines.from the rock
bounddry lines of one oonttnent to the rock - °
boundary lines of the other. - S0l :

Note. Rock ages support the joining of continents
it (1) ro%ks of the same type in corresponding
parts of‘the two continents are about the same
age, and {2).there are many, many rock samples of
kndwn age to compare If the rock types are

not the same age, then the continents were
‘probably not joined

Could the continents have been one big contment
based on the ages*of corresponding rock

types?

RS oS St

TR VA

> r

-

P cnes 'Z"‘l"* T S a T R e R R e B
.

[
\

° ~ .
4. Toseefthe con%ents fit, cut along the sides
that you think fit together See-nf the shorelines
match. ,

Could the continents have fit together at one )
time?

If you, answered no, or don’t know, ask your
teacher for a hint. '

5. Rock units Déand W were not analyzed What

are their probable ages”
Rock Unit D years »
L4
years,

Rock Unit W

100

I
.87Rb

w
(=)
b

[o3
o
/
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? 70 b N - N <]
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Figure 1. Graph of radioactive decay curve.
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. 1 Table 1.
_Ages of the. rock units

Rock Radioactive % of Original

Age of Rock®

Unit  Element Mass
o Remaining .
. M A 238y 60 __x10°years
. : B 28 .. 25 - x 10° years ? —
) € $’Rb 97.5, x 10° years
X . 35U 125 ° x 10° years ‘
Y 238 95 x 10° years
.2 .¥ThC 87.5 x 10° years PN
- ) T ° ~ w
- ' ' v ’ X ) ‘
@
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¢ Hint!

* Everyone knows that when a puzzie 1s solved the
pieces should fit together perfectly or almost
perfectly Think about this puzzle a minute
and then cut completely around each continent.
Each continent should be one complete piece.

You now have two pieces of paper. What can you .
do with Bewarland and rack type X in order .,
to make the continents fit together?

methods which scientists use to suggest that
continental positions may have been different
in the past.

What you have just done 1s similar to one of.the .
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1s 4 . Uy T
SUMMARY QUESTIONS o nerusmmeasasns i Tl TRy s s - or sy oo e e e
1. What otheg kinds of evidence might support "
the i1dea that two'contme‘nts were once joined? :

N s N
‘ f ’ “ *
. .

~

2 Why s it important for scientists to compare
*correspdnding rock types as well as corresponding
rock ages when matching rocks on different
continents? ?

o . ’

EXTENS!ON fmien Tmater Deco LPTRY o SR T

Read the article by P.M. Hurley in Scientific
Americar, listed in the REFERENCES, and
compare his findings with what you have learned
in this activity. (The article was also reprinted
in Continents Adrift, 1872, W.H Freeman and
Co.} Do you think that Africa and South America
v were once combined into one large continent? ,

REFERéNCE TS TR S T ST - o S e samer e

-

Eicher, D.L., 1976, Ggologic time. Englewood

“Chffs, N.J., Prentice-Hall, Inc.,-150 p. .
Hurley, P.M, 1968, The confirmation of
. continental dnift. Scientific American, v. 218,

no. 4 (ApNp 63-64
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