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NAGT Crustal Evolution Education Project
Edward C. Stoever, Jr., Projact Director

Welcome to the exciting world of current research
into the composit:on, history and processes of th-
earth s crust and the application of this knowledge
to man s activities. The earth sciences are
currently experiencing @ 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
Education Project began work in 1974 under
the auspices of the National Association of
Gezology Teachers CEEP materials have been
developed by teams of science educators,
classroom teachers, and scientists. Prior to
publication. the matenials were field tested by
more than 200 teachers ind over 12,000 students,
Current crustal evolution research is a breaking
B, story that students are fiving through today

About CEEP Modules...

Most CEEP modules consist of two bookle:s. a
Teacher's Guide and a Student Investigation. The
Teacher s Guide contains all the information
and illustrations 1n the Student Investigation.
pius 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 mogdules, there are illustrations that
appear onhyf in the Teacher s Guide. and these are
desngnatedlby figure letters instead of the number
sequence Jsed In the Student Investigation.

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

The matenial was prepared with the
support of Natronal Science Foundation
Grant Jos SED 75-20151. SED 77-08539,
ang SED 78-25104 However. any Opinions,
findings conclusions, or recommendations
expressed herein are those of the author(s)
and do not necessanly reflect the views

of NSF

in order'to comply with U S Pubhlic Law
94-86. every school dstrict inthe US A
using thece materials agrees to make
them available for inspechion by parenis or
guardians of children engaged in
educational programs or prajects of the
school-district

o .
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Teachers and students alike have a unique
opportumity through CEEP modules to share in the
unfolding of these educationally important and
exciting advances. CEEP modules are designed
to proviue 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 driit 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

Q

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 moduie is indwidual and self-contained in
content, but some are dividec into two Or more
parts for convenience The recommended length
of time for each module 1sindicated Some modules
require prerequisite knowledge of some aspects
of basic earth science, this is noted in the
Teacher's Guide
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Hdw Do Scientists Decide

Which Is The Better Theory?

INTRODUCTION == T e T Y
The major purpose of this activity is to help
students recognize that a new theory is not just
“invented” and, in turn, automatically accepted
by those working in the disclpline. To meet this
purpose, the students are involved in using one
theory-testing strategy, namely, formulating
and testing predictions, as a means of deciding
whether the Conventlonal View of the Earth,

or Plate Tectonics Theory is the better, more
useful way of thinking about the dynamics of
the earth,

Daily on television, in magazines, newspaper,
radio, billboards and elsewhere, we all see new
ads that encourage us to buy the product
advertisetl. Why? Because it's new! If it's new
it must be better, right?

Sometimes these ads go beyond trying to
encourage us to buy. something just because it's
new. Reasons may be given why the new product
is bétter than an older one. In the case of a new
automobile; for example, the ad may point out that
the car has better handling; that it goes farther on
a gallon of gas; that ithas a hetter, more reliable or
powerful engine; that it offers better passenger
safety features; and so on.

PREREQUISITE STUDENT BACKGROUND

While no in-depth knowledge of the Conventlonal
View of the Earth or Plate Tectonics Theory is
reqrired for this instructional activity, the students
shoiild have had some exposure to these ideas
prior to participation so they are aware that a new
and significantly different theory about the

4

earth’s dynamics is currently being tested.

OBJECTIVES meswassamemesinns:

After you have completed this activity, you should
be able to:

1. Name one kind of test a scientist may us¢

on a theory.

2. Describe or give an €xample of how this test

is used to decide which is the better theory.

ST T T T

If you were about to buy your first car and had the
money to do so, what kinds of things would you
ook for?

Invite the students to report the kinds of things
they'd look for in.their first car. List their
comments on the chaikboard. Only a few criteria
need be recorded.

When you're trying to decide whether one car

is better than another, you could use your own list
of things you'd look for to compare the tars
you're thinking about. Then you'd he ready

to decide whicn car is the better one.

In science it is not unusual that more than one
theory can explain a certain phenomenon. Or

a new theory may be in conflict with an existing
theory. Just as you decided which car would

be bast, scientists must decide which theory

is best, and the newer theory isn't always the one
chosen. The purpose of this activity ,s to

help you experience one of the ways scientists
decide which is the better theory, when maore
than one theory may seem correct.

R L ot (R SR b P S e ey A
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MATERIALS w

Cardboard (optionatl)

BACKGROUND INFORMATION

Geology, like other sclences, is not static. The
dynamic nature of the discipline is evident not
only in the continuing stream of new data,

but more significantiy in the evoiution and general
acceptance of new theorles. It I8 our concern
that students miss much of the excitement

and challenge of an area of science If the ernphasis
of instruction centers on generally adopted
theories aione. Students should also iearn about
and participate in using theory-buiiding and
theory-testing strategies common to the
discipline of geology.

SUGGESTED APPROACH i s ers i A U S e i Vv e i

‘This activily Is to be used with the entire class
where students can work at desks or laboratory
tables. The students can participate as
individuals, or they may be invited to work In -
groups of two during the part of the iesson

in which they formuiate their theory-based
predictions.

PROCEDURE

Students wiil be using prepared written materlai
contained in this module to formuiate
predictions based on the Conventional View of
the Earth and the Plate Tectonics Theory as one
way to decide which is the better theory. Y.
Then, they are given data as a way to check out
their predictions.

Key words: sediment, predictlon, Conventional
View of the Earth, Plate Tectonics Theory

Time required: two 45-minute periods

Materials: none.

Although no materlais are required, you may
prepare the following words'on pleces of
cardboard. These are then used during the activity
in order to emphasize the judgments made

about the theory. Of course, this information can
simpls be written on the chalkboard or overhead

Ask the students to read only the first two para:
grephs and the section entitled: TWO THEORIES
ABOUT THE EARTH.

To make a prediction is to use a theory to forecast
data. To make a prediction is to tell what will
happen in an experiment or observation before the
experiment or observation is actually carried out. ,
Predicticns are educated guesses that follow from
a theory. For example, imagine that you wantegé
to test a theory about the geologic history of &
certain place and the theory stated that at one time
that place was part of an ocean. From that theory,
you would predict that the area should contain
fossils of sea life that lived in that ocean. If such
fossils were then found, the prediction would have
been correct. A correct prediction supports a
theory.

iy

transparency if desired.

PLATE TECTONICS THEORY
CONVENTIONAL VIEW OF THE EARTH
ACCURATE PREDICTION: AGE OF ROCKS

ACCURATE PREDICTION: SEDIMENT
THICKNESS -

It is important to emphasize that as the students
formuiate their predictions to test the
Conventional View of the Earth and Plate Tectonirs
Thaory, they formulate predictions that follow .
from the theory being tested rather than to >~
formulate a prediction they feel is correct.

7

Depending on the group, the additional
considerations of accuracy and precision of the
prediction may also be introduced.

Q
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Now you are going to participate in an activity

in which you will use predicting to help you

decide which is the better theory, the Conventional

. View of the Earth or the Plate Tectonics Theory.
. In order to refresh your memory about each of

these theories, a brief review is providsd below.

TWO THEORIES ABOUT THE EARTH

The Conventional View of the Earth
Historically, the generally accepted view of of the crust. Thus, all the oldest rocks
the earth has been that it is made of a ’ _ were forined at the same time. Because

continuous, relatively rigid crust much Tike cooling usually results in sitrinking or con-
the skin of an apple. This position holds traction, this shrinking caused a wrinkling

i that beneath the crust is a moiten fluid mass of the crust that led to the formation of
that makes up inost of the volume of the the topographical features we recognize as
planet. The surface of the earth is, therefore, mountains and valleys.
somewhat stable and unchanging, except for . . .
erosional and mountain building ,fgrcesF:hat Smcefthe t'g‘e the _eartrlw cooled—when rocks
act independently in relatively small areas \gSirlgir?rT;rc:serr\?ail:Zz ?i?‘% Fmour:gg
 of the surfacegof the earth. Though this view - g IO o of 1ne earth. The forma-
of the earth is not a clearly defined theory nang ace "
statement, v will cali it the Conventional tion of seqlmgnts began at that time ‘d-
View and cfmsider it a theory. have continued (gxcept forlocal mterrupt'uons)
S throughout the history of the earth. Sediment
According/to this theory, the earth was is fragments of rocks and minerals, usually

formed as(a molten mass v which cooled. Cool- deposited in water.
ing of the u@gggsulted in the solidification

The Plate Tectonics Theory

More recently in geology, the Plate Tectonics
Theory about the nature of the earth has suggests that these plates don’t stay in

been proposed. Like the Conventional View, . the same place, nor do they stay the 'same
this new view also considers the earth ’ size or exactly the same shape. Plates con-
as consisting ©f a thin crust with 2 molten . tinuously get new material at ridges and lose
core, but it differs from the Conventional older material at trenches. Thus; rocks

View in that the crust is believed to be made are being formed at the ridges throughout the
of a series of about 12 to 14 relatively life of the planet. Existing plates may,

rigid sections or plates. Furthermore, these therefore, increase or decrease in surface
platss are believed to be in constant area. In sdme locations, new olates are being
motion in relation to each other. Though this formed. In some cases, evidence suggests
relative motion is very slcw when compareé:l that plates have completely disappeared.

to the things we ses moving about us daily, it

You should conclude this first section by inviting
" the «tudents to raise any questions for
clarification about the two theories. You shouid
! ’ " point out the major differences between thase
two theories, emphasizing that the Conventional
View hoids that the crust Is a single continuous
plece while the Plate Tectonics Thecry views
@  the crust as made up of a serles of piates that move
E MC i relation to each other.

IToxt Provided by ERIC
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Ask the students to complete the section entitled
Prediction Test #1, stopping work after they’
complete the two predictions and rationales.
Inform them that they are to complete the
predictions and rationales. Emphasize that the
prediction they select should be the one that
follows from the theory being tested, lL.e.,

“What would we find if the ___ Theory were
correct?”, rather than the prediction they
feel is correct.

Galapagos Fracture Zone

Drill Site Area

Prediction Test #1: Dating Core Samples

You are part of a geologist's team which has
received a grant to drill and date five core |
samples from an area just west of the East Pacific
Rise and south of the Galapagos Fracture Zone.

Your team is going to use this opportunfty
to test the Conventional View and Plate Tectonics
Theory. You will test these-theories by

predicting the relative ages of igneous rock cores ’

that will be found at the drill sites. See Figure 1.
Your task is to use these two theories to select
and report the predictions you feel best

, follow from each theory. In addition, you will also
be invited to discuss why you chose that
particular prediction.

Using the Conventional View, check the following
prediction that best indicates the relative ages

of the sediment cores to be taken from drill:

sites A through E in Figure 2.

5,

A B C D E

® ® [ ] ® ®
. —T

— #1  oldest youngest

& et
___ag #2 youngest

7/
#3 All sites will be the same.

#4 Each of the sites will be different ages, but
ages will be randomly distributed.

| predici this will be found because the
Conventional View says:

All rocks were formed at the same time.

Galapagos Fracture Zone

Fiéure 2. The drill sites will be approximate'y
500 km apart, with Site E at 500 km from the
ridge and Site A at 2500 km from the ridge.

7
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Using the Piate Tectonics Theory, Check the
following prediction that best indicates the relative
age of the cores to be taken from drill sites A
through E.

A B C D E
[ ] ® L] [ ] [ ]
- —
vV # oldest youngest
e 3 ?
#2 youngest oldest

—____#3 All sites will'be the same.

____#4 Each of the sites will be different ages,
but ages will be randomly distributed.

I predict this will be found because the Plate
Tectonics Thenry says:

The éarth's plates are continuously moving, and
new material is being formed at'the ridges.

After the students have selected their predictions
. and recorded their rationales for 2ach one, you

should invite various students to report their

predictions‘and their rationales. Students

whose predictions differ from those reported

should also be Iavited to report.

As the students report their predictions and
rationales, you should provide feedback by
indicating that according to the Conventional
View, the cores wouid be the same age. The
Conventional View holds that all rocks on the
earth were formed at the same time (excluding,
of course, those formed by local mountain
building, etc.). According to the Plate Tectonics
Theory, however, the cores shou.' be younger
the closer they are to the ridge because that
theory holds that rocks are continuously being
formed at the ridges. The emphasis of this
feedback is not on which prediction is correct bu!
rather on the formulation‘of a prediction that
foilows from a given theory. As you give the
feedback, you shouid point out how each pre-
diction follows from each theory.

When this discussion about predictions and
rationale i completed, inform the students that
having con.pleted the drilling and.the dating

of the cores, their team has found the relative
ages of the rocks to be as follows (this information
may be written on the chalkboard):

A 8 Cc D E

1] ® ® [ ] ®
- —

oldest youngest

You should now pose the following questions:

In view of this data, which theory s2ems to be the
best one so far?

e The Conventionai View of the Earth?

¢ The Plate Tectonigs Theory?

s Why?

Guide the students toward the conclusion that
the Piate Tectonice Theory produced.the most

* accurate prediction in relation to the age of

the rocks at those sites. This, therefore, Is viewed
as support for the Plate Tectonics Theory.

PPlace the ACCURATE PREDICTION: AGE OF
ROCKS card under the heading Plate Tectonics
Theory on the bulietin board; or this infotmation
may be writien on the chalkboard or on an
overhead transparency under the heading, Plate
Tectonics Ttieory.




Predictior. Test #2: Measuring Sedjment Thickness

This second part of the activity foliows the

same format as the first part. That is,-student!s
select thelr predictions and formulate their
rationales. After reporting time, you provide the
data. Part 2 concludes as you \.svite the students
to make the judgment as to which is:the petter
theory. -

Ask the students to compiete Prediction Test 2,
Méasuring Sediment Thickness. They should
not read ahead to the summary.

While your team was preparing for your trip to take
core sampies, the National Science Foundation
contacted your group to request that you

also measure the thickness of the sediment at
those sites. In reviewing this request, it seems that
this will give you another opportunity to test the
Conventional View and Plate Tectcnics Theory by
predicting some other data. Since this rt\aquest
includes additional funding to support the added
work, your team agrees to gather these additional
data. ‘

Before you 'make your prediction about the
sediment thicknesses using the two theories,
review the drill core plan. (See Figure 2.)

Using the Conventional View, check the following
prediction that best indicates the relative

_thickness of the sediment from drill sites

A through E.
A B C ] E
[ ] L ] [ ] [ ] L
: o

ol
——_#1 1cast sediment thickness greatest sediment thickness

Y

- - ;
#2 greatest sediment thickness least sediment thickn

[

5SS

3

v #3 Sediment thickness the same at all sites.

_____#4 Sediment thickness different at each site,

but no pattern to thickness.

| predict this will be found because the Conven-
tional View says: ’

Sediment deposits were %ormed at the same time
and would be uniform in thickness.

Using the Plate Tectonics Theory, check the -
following prediction that best indicates the relative °
thickness of the sediment from drill sites A

through E.

B c D E .
[ ] L J

A
. B
— . .o
#1 least sediment thickness greatest sediment thickness

———

___ V' #2 greatest sediment thickness  least sedimant thickness

—_#3 Sedime;nt thickness the same at all sites.

_____#4 Sediment thickness differgnt at each site,
but no pattern to thickness.

| predict this will be found because the Plate
Tactonics Theory says: - o

Since new crustal materiai is beh;g formed at the
ridge and Is therefore youngest, more sediment
would bave time to accumulate farther from

the ridge, on top of older crustal material.

it may be worthwhile to discuss the origin of the
sediments on the ocean floor. Sediments whlph
cover the ocean floor settie out of seawater /

in the open ocean (pelagic sediments) or come
directly from land (terrigenous sedlments/zb
Terrigenous sediments are dominant only around
the margins of the ocean basins. The sediment
cores on which these student activities are

based are principally made of pelagic sedipents.
The pelagic sediments making up the cores

were largely derived from the remains of
organisms whose shells settied to the ocean floor. /
The cores do contain some other minor

constituents of sedimentary natura. -

/
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After the students have selected their predictions
and recorded thelr rationales for each one,
- ‘Invite them to report their predictions and their
/ rationales. Students whose predictions differ
‘ should be invited to report. Give feedback to
the students by indicating that according to the
Conventional View, the sediment thickness
would be about the same because that theory
holds that sediment deposits began to form at the
same time and would form uniformly, excluding,
of course, local variations. According to the
Plate Tectonics Theory, the sediments-should be
thicker tarther away from the ridge because the
) newer rocks’closer to the ridge would have
had less time to accumulate sediment deposits.
Again, the emphasis of this feedback Is on
the formuiation of a prediction that fciiows from a
theory rather than first deciding which theory is
the better one. ¢

As you give t[\trajeedback, emphasize how the
different theorles yleld quite different predictions
('wlth reference toysedlment thickness.

" When this discussion about predictions and
rationaie is completed, inform the students that
having completed the checking of sediment
thicknesses of the cores, the relatlve,se/cllment
thicknesses are found to be as foilows (this
inf:smation may be written on the chalkboard):

»

" A B .C D E
» [ ] - [ ] [ ] ®

g

- o
most sediment least sediment

You shouid now pose the following questions:

_In view of these data, which theory seems 0 be the
best one?

* The Conventional View of the Earth?

« The Plate Tectonics Theory?

* Why?.

Guide the students toward ti:e conciusion that the
Piate Tectonics Theory produced the most
accurate prediction in relation to sediment thick-
ness at these sites. This, therefore, is’viewed

as support for the Platé Tectonics Theory.

Piace the ACCURATE PREDICTION: SEDIMENT
THICKNESS card under the heading Piate
Tectonics Theory on the buileiin board; or this
information may be written on the chalkboard

or on ah overhead transparency under the
appropriate heading, Plate Tectonics Theory.

>

Let's review what you have done in this exercise. ’
You chose one theory over another. The Plate - |
Tectonics Theory makes accurate predictions
more often than the Conventional View of

the Earth. Yoy chose the Plate Tectonics Theory
because it made the best predictions. The more
accurately a theory predicts, the more con- Ao
fidence you have in the theory.

Other ways to judge a theory might be:

1) It accounts for more or all of the present data
_better than the other theory or theories.

2) it accounts for new data better than the

other theory or theories. )

3) It is acGepted by more,scientists who'work in

that science. \

Vo

Usually one theory is judged better than another
because it holds up better under several different
 tests. However, based on this activity, your degree
of confidence in a theory depends upon how well
it predicts. The more corr _ct predictions, the more

confidence you should have in the theory.

During closing comments, emphasize that
heories aren't just tested, then accepted or
ejected. Rather, it's a matter of continually
esting and ylelding increased substahtiation for
ne theory that begins to lead to the judgment
that une theory.is better than arother,
/becoming generally accepted until a better theory
comes along.

it's a commion view in science that a good theory
is one tha! hoids up iong enough to get you to 5
a better theory. Thus, science is an endless search
for a better theory. Using the prediction testis
one way scientists determine when they've found
one.

10 B




SUMMARY QUESTIONS e x . ) S
1. You are a geologist and have a theory that 2. Explain how predictions can be used to

states, “new ocean floor material is being strengthen your confidence in a theory. ‘
created at mid-ocean ridges and, destroyed at A theory which leads to predictions that come true ‘
trenches.” One prediction you might make is most of the time wins our confidence. If the A
that all ocean floor material is less than 200 = - predictions were more often wrong than correct,
million years old. How could you check youp~: we would have little confidence in the .
theory? L theory. i
Most students want the age Gf‘iﬁe ocean floor 3. A . .
. A geologist has a theory that states “the
rocks checked at different locations. This is continents are not drifting.” How could you check »
‘ a sat’sfactory answer but knowing the ages of the out this theory? How confident woul d you be
: ocean floor rocks does not necessarily prove . in your results?
he theory.
the theory There is no way to check this theory directly.

Therefore, any suggestions made by the students
must be accepted and evaluated on the basis
of their logic.

EXTENSIONS

" \Usmg data about paleomagnetlc anomalies,
| heat flow, seismicity or velcanic activity, .o
make predictions using the two theories. )

_Review posmons takeén by noted geologists and
geophysicists in various magazines regardmg
both theories as another way to decide which is the \
better theory. i \

REFERENCES mrsmsmmsamsons

Trefil, J S., 1978, A consumer’s guude/to pseudo- ! . ’
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Wyllie, P.J., 1976, The way the earth w0rks an
mtroduct:on to new global geology and its
E revolutionary development. New York, John \‘ . ;
Wiley and Sons Inc:, 296 p. \ !
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Class CLASS PACK ~
Periods Catalog No.

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 top;cs and for correlanon

of CEEP Mcdules to standard earth scnence
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

¢ A Sea-ﬂoor Mystery: Mapping
Polarity Reversals

e Continents And Ocean Basins:
Floaters And Sinkers -

e Crustal Mgovement: A Major Force =
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How Do Scientists Decide
Which Is The Better Theory?

INTRODUCTION =
Daily on television, in magazines, newspaper,

When you're tryiné to decide whether one car

-

_ radio, billboards and elsewhere, we all see new is better than anotier, you could use your own list
ads that encourage us to buy the product of things you'd look for to compare the cars
advertised. Why? Because it's new! If it's new you're thinking about. Then you'd be ready
it must be better, right? ' to decide which car is the better one.

Sometimes these ads go beyond trying'to In science it is not unusual that more than one
encourage us to buy something just because it's theory can explain a certain phenomenon. Or
new. Reasons may be given why the new product a new theory may be in conflict with an existing
is better than an older one. In the case of a new theory. Just as you decided which car would
automobiie; for example, the ad may noint out that be best, scientists must decide which theory

the car has better handling; that it goes farther on is best, and the newer theory isn’t always the one
a gallon of gas; that it has a better, more reliable or chosen. The purpose of this activity is to
powerful engine; that it offers better passenger help you experience one of the ways scientists
safety features; and so on. decide which is the better theory, when more

than one theory may seem correct.

If you were about to buy your first car and had the
money to do so, what kinds of things would you
look for? . - -

OBJECTIVES =
After you have completed this activity, you should
be able to: )

1. Name one kind of test a scientist may use

on a theory. .

I —‘\2ngscribe or give an example of how this test
is useNo\cjfcide which is the better theory.
i

e

- o

b
~
L )

Q  Croyright 1979 by Southeant Missourl State University .
1 o ‘ '




PROCEDURE ¢®
Materials: none.

To make a prediction is to use a theory to forecast
data. To make a prediction is to tell what will

experiment or observation is actually carried out.
Predictions are educated guesses that follow from
a theory. For example, imagine that you wanted
to test a theory about the geologic history of a
certain place and the theory stated that at one time
.that place was part of an ocean. From that theory,
you would predict that the area should contain

. fossils of sea life that lived in that ocean. if such
fossils were then found, the prediction would have
been correct. A cori:ct prediction supports a .
theory. N

The Conventional View of the Earth
Historically, the generally accepted view of
the earth has been that it is made of a
continuous, relatively rigid crust much like
the skin of an apple. This position holds

__ that beneath the crust is a molten fluid mass
that makes up most of the volume of the
planet. The surface of the eartn is, therefore,
.gomewhat stable and unchanging, except for
erosional and mountain building forces that
act independently in relatively small areas

of the surface of the earth. Though this view
of the earth is not a clearly defined theory
statement, we will call it the Conventional
View and consider it a theory.

According to this theory, the earth was
formed as a molten mass which cooled. Cool-
ing of the surface resulted in the soliditication
of the crust. Thus, all the qldest rocks

were formed at the same time. Because
cooling usually results in shrinking or con-
traction, this shrinking caused a wrinkling

of the crust that led to the formation of

the topographical features we recognize as ~
~mountains and valleys.

. Since the time the earth cooled—when rocks
were formed—erosional and mountain
building forces have continually made
changes in the face of the earth. The forma-
tion of sediments began at that time and ,
have continued (except for local interruptions)
throughout the history of the earth. Sediment
is fragments of rocks and minerals, usually
deposited in water.

happen in an experiment or observation before the

Now you are going to participate in an activity

in which you will use predicting to help you
decide which is the better theory, the Conventional
View of the Earth or the Piate Tectonice Theory.
In order to refresh your memory about each of
these theories; a brief review is provided below.

TWO THEORIES ABOUT THE EARTH

The Plate Tectonics Theory

More recently in geology, the Piate Tectonics
Theory about the nature of the earth has
been proposed. Like the Conventional View,
this new view also considers.the earth ~

as consisting of a thin crust with a molten
core, but it differs from the Conventional
View in that the crust is believed to be made
of a series of about 12 to 14 relatively

rigid sections or plates. Furthermore, these
plates are believed to be in constant

moticn in relation to each other. Though this
relative motion is very slow when compared
to the things we see moving about us daily, it
suggests that these plates don’t stay in

the same place, nor do they siay the same
size or exactly the same shape. Plates con-
tinuously get new material at ridges and lose
older material at trenches. Thus, rocks

are being formed at the ridges throughout the
life of the planet. Existing plates may,
therefore, increase or decrease in surface
area. In some locations, new plates are being
formed. In some cases, evidence = Jggests
that plates have completely disappeared.




Prediction Test #1: Dating Core Samples

You are part of a geologist’s team which has
received a grant to drill and date five core

’ samples from an area just west of the East Pacific
Rise and south of the Galapagos Fracture Zone.

Your team is going to use this opportunity

to tesi the Conventional View and Plate T2ctonics
; Theory. You will test these theories by

predicting the relative ages of igneous rock cores
that will be found at the drill sites. See Figure 1.
Your task is to use these two theories to select
and report the predictions you feel best

follow from each’theory. In addition, you will also
be invited to discuss why you chose that
particular prediction.

. Using-the-Conventional View, check the following
prediction-that best indicates the relative ages

» of-the sediment cores to be taken from drill
| sites A through E in Figure 2.

) A B C D E
[ ] [ ] [ ] [ ] [ ]

—— ———

—___#1  oldest youngest
tlff—— K oent

——— #2 youngest oldest

—#3 All sites will be the same.

’ ______ #4 Each of the sites will be different ages, but
. \ ages will be randomly distributed.

| predict this will be found because the
Conventional View says:

o

o

v

-

Using the Plate Tectonics Theory, check the
following prediction that best indicates the relative
age of the cores to be taken from drill sites A
through E.

N

\\
A B C D E
® ® ® [ ] ®
il -
——#1  oldest youngest
et t ol
—__#2 youngest oldest T

-, #3 All sites will be the same.

—_#4 Each of the sites will be different ages,
but ages will be randomly distributed.

| predict this will be found because the Piate
Tectonics Theory says: ’

Figure 2. The drill sites will be approximately
500 km apart, with Site E at 500 km from the
ridge and Site A at 2500 km from the ridge.




Prediction Test #2: ..ieasuring Sediment Thickness

f
While your team was preparing for your trip to take
core samples, the Natinnal Science Foundation
corjitacted your group to request that you
alsb measure the thickness of the sediment at
those sites. In reviewing this request, it seems that
th;s will give you another opportunity to test the
C0nvent|onal View and Plate Tectonics Theory by
predlctmg some other data. Since this request
mcludes additional funding to support the added
work, your team agrees to gather these additional
data.

Bﬁ‘efore you make your prediction about the
sediment thicknesses using the two theories,
review the drill core plan. (See Figure 2.)

2

Using the Conventional View, check the fullowing
prediction that best inicates. the relative
thickness of the sediment from drill sites

A through E.

A B C D E
[ ] [ ] [ ] [ ] s -

il — T

——w #1 |east Sediment thickness greatest sediment thickness
~ ———— F—

o #2 greatest sediment thickness . least sédiment thickness
. —_ #3 Sediment thickness the same at,all sites.

_______#4 Sediment thickness different at each site,
but no pattern to thickness.

~ .| predic. ...s will be found because the Conven-
tional View says:

Using the Plate Tectonics Theory, check the
following prediction that best indicates the relative
thickness of the sediment from drill sites A
through E.

A B . C D E
° ° N . .
—~ant
o #1 Ieast sediment thickness greatest sediment thickness
- — e R
——___ #2 greatest sediment thickness least sediment thickness

_____#3 Sediment thickness the same at all sites.

______#4 Sediment thickness different at each site,
but no pattern to thickness.

| predict this will be found because the Plate
Tectonics Theory says:

ot
~J




Let's review what you have done in this exercise.
You chose one theory over another. The Plate
Tectonics Theory makes accurate predictions
more often than the Conventional View of

the Earth. You chose the Plate Tectonics Theory
because it made the best predictions. The more
accurately a theory predicts, the more con-
fidence you have in the theory.

Other ways o judge a theory might be:

1) It accounts for more or ail of the present data
better thdn the other theory or theories.

2) It accounts for new data better than the
other theory or theories.

3) Itis accepted by more scientists who work in
that science. \

Usually one theory is judged better than another

because it holds up better under several different

tests. However, based on. this activity, your degree

of confidence in a theory'depends upon how well -

it predicts. The more corredt predictions, the more ‘
confidence you should have\{n_the theory.

N

B




SUMMARY QUESTIONS messrmsasssears:

. 1. You are a geologist and have a theory that
& . .states, “new ocean floor material is being .
.Created at mid-ocean ridges and destroyed at , ‘
~trenches.” One pradicfion you might make is | ‘
that all ocean floor material is less than 200 ‘
million years old. How could you check your
theory?

2, Explain how predtctlons can be used to
strengthen your confidence in a theory.

3. A geologist has a theory that states “the

continents are not drifting.” How could you check ) \
out this theory? How confident would you be \
in your results? \




|

!* Using data about paleomaganetic anomalies,
heat tlow, seismicity or volcanic activity,
make predictions using the two theories.

€

‘ Review positions taken by noted geologists and
geophysicists in various magazines regarding

both theories as another way to decide which is the *
better theory. -
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