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ABSTRACT ° ' ‘ -

¥. ) Crustal Evolution Education Ploject (CEEP) modules
were des1gneﬂ to: (1) provide students with the methods and results
of continuing investigations into the composition, h1std&y, and
processes of the earth's crust and the application of this knowledge
to man's activities and (2) to be used by teachers with little or no
previous background in the modern theories of sea-floor spreading,
continental drijft, and plate tectonics. Each module consists of two
booklets: a teacher s guide and student 1nvest1gaf1on. 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, recommending four 45-minute class periods required; (8)

., summary questions (with answers); (9) extension activities; and (10)
list of references. Activities in this'module include descr133nd the
relationship between north geographic and north magnetic poles and
,how this may vary in space and time, demonstrating the principle of a
gyroscope and explainiye how it relates to the earth“~p10tt1ng
gositions and draw1ng a curve show1ng possible locations of the north
geographic pole in the past, and telling how polar wandering might be :)

used to explain continental movements. (Author/JN) (j,f
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Teachers and students alike have a unique
opportunmity 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
myvestigative experiences with concepts which are
at ar close to the frontiers of scientific Inquiry into
plate tectonics Furthermore the CEEP modules
are designed to be used by teachers with hittle or
no presious hackground in the modern theories
of sea-floor spreaaing continental dnift ana plate
teCioneLs

We knoa that you will enjoy using CEEP
modules it your classroom Read on and be
prerared to experence a renewed enthusiasm for
teasring as you l2arn more about the Living earth
i gnd iner CEERP modules
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Drifting Continents: -
And Wandering Poles

&
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When sclentists locate the position of the

north geographic pole during the geologic past, -y

it seems to have been at different places at
different times. The positions of the pole can be
plotted on a map, to show its-path through
geologic time to the present time This path's
called a polar wandering curve. It tells us some
important things about the Earth’s history

PREREQUISITE STUDENT BACKGROUN'D

In order to do these activities the students shoyld
have a basic understanding of the Earth’s
movement in space and the difference between
the north geographic pole and the north magnetic
pole. They should be able to'plot locations

wsing latitude and longitude.

>

OBJECTIVES crsemmmsismimon vmmn e - o

After you have completed these activities, you
¢hould be able to

1. Describe the refationship between the north
geographic pole and the north magnetic pole
and how this may vary in space and time,

2. Demonstrate the principle o& a gyroscope and -
explain how it relates to the Earth.

3. Plot the positions and draw a curve showing
the possible locations of the north geographic
pole in the-geologic past.

4’ Tell how polar wandering curves might be

¢ used to explain the movements 6f continents.

MATERIALS ;—m T e S R e e

Gyroscope—one for each group of students
Colored pencils
World globe {or map)

Small piece of tracing paper, approximately
5cmx5 T—one for each student
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To find the position of the north pole m the past,

*you need to know something about the relation-

ship between the north geographic pole and
the north magnetic pole. Can the magnetic pole, !
whi¢h can be located more precisely, be used

- to locate the north geographic pole? Is the

movement real or is it only apparent? What is the
evidence for movement and how can this be
explained? These are all difficult qu7sﬁbns which
will be studied in this module’ . 79 ’
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Drifting Continents: -
And Wandering -Poles

€ . .
‘NTR%:CT!ON SV e SR e B T A N P o
When sclentists locate the position of the To find the position of the north pole in the past,
north geographic pole during the geologic past, -4 “you need to know something about the relation-
it seems to have been at different places at ’ ship hetween the north geographic pole and
different times. The positions of the poie can be ~ the north magnetic pole. Can the magnetic pole,
plotted on a map, to show its-path through whi¢h can be located more precisely, be used
geologic time to the present time This paths ‘ to locate the north geographic pole? Is the
called a polar wandering curve. It tells us some . movement real or is it only apparent? What is the
important things about the Earth's history evidence for movement and how can this be

) explained? These are all difficult qu?sﬁbns which
. ’ will be studied in this module” . 79 ‘
. ,
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PREREQUISITE STUDENT BACKGROUND
In order to do these activities the students should
have a basic understanding of the Earth’s
movement in space and the difference between
the north geographic pole and the north magnetic
pole. They should:-be able to'plot locations

wsing latitude and longitude.

After you have completed these activities, you
dhould be able to ;
. 1. Describe the relationship between the north
‘ geographic pole and the north magnetic pole
and how this may vary in space and time, -
2. Demonstrate the principle o& a gyroscope and -
explain how it relates to the Earth.
3. Plot the positions and draw a curve showing
the possible locations of the north geographic
pole in the-geologic past.
4. Tell how polar wandering curves might be
¢ used to explain the movements 6f continents
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Gyroscope—one for each group of students '

Colored pencils
World globe {or map)

Small piece of tracing paper, approximately
5cmx5 din——one for each student
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BACKGROUND ﬁNFORMATION
The concept of polar wandering is not as simple
as it might appear. For instance, since the thing
we call the “pole” is a point on the Earth's
surface, it might seem that “polar wandering™ is a
process where that point moves about freely. __
Thus, you might gliess that 100 milllon years ago
the pole was in Russia, now it is in its familiar
spot atop the globe and 100 million years in the
fuure it may be in the center of Los Angeles.
Unfortunately, this simple picture of wandering
won't do. Because the poles mark the ends of the
spin-axis.of the Earth, polar wandering then
would imply some sort of motion, or apparent
motion, of the imaginary line (axis) through the
Earth about which the Earth rotates. Thus,

much more is involved than simply moving a
spot on the surface of the Earth. :

A second problem invoives the relationship
between the geographic and geomagnetic poles.
Thil arises because these two poles are not
coincident now and never have been since man
began to observe them. Polar wandering usually
refers specifically to the geographic pole, yet

the principal observations are of rock magnetism.

which refers to the geomagnetic pole. From this
comes two related questions. First, does the
magnetic evidence establish wandering of the
geographic pole? If the answer to this is 'yes,”
then.how can the apparent wandering of the
spin-axis of a huge rotating bail take place?

We will discuss each question in turn.

The techniques-used in paleomagnetism enable
geologists to measure the direction of permanent
" magnetism of rock bodies and then calculate
where the magnetic pole must have been to give
that direction. Such a pole, calculated from a
meas#red direction of rock magnetism, is
called a Virtual Geomagnetic Pole (VGP). For
instance, the average direction of magnetism for
a certain group of 50-million-year-oid lava i!ows

in Oregon is about due east and inclined some 50°

below the horizontal. Such a direction yields

a highly peculiar VGP (for rocks in Oregon)

in the Atlantic Ocean. A study of similar rocks in
Africa’places the VGP in the central Patific.

All that is needed to calculate a VGP is the
location of a rock body and its magnetic direc-
tion, thus, the VGPimerely represents a fictitious
location of the magnetic pole that would produce
the observed magnetic direction at tr)e polint

in question. It reveals nothing at all about the
geographic pole. For a variety of reasons,
peculiarities may occur. For example, rocks of a
" partitular area, which may appear in normal
‘position, may be rotated by faulting, resulting in
a VGP which taes not agree with other rocks

of the same age. ~

.

gSedifientaryyrocks were calculated from around

- calculated, the cluster would center about the

- climates, which also are symmetrical about the

If VGP's for hundreds of modern lava flows and

“the world, they would form a’dense cluster
of points centered on the present geomagnetic
pole. That is, they would cluster at a smali but
distinct angle (about 107) from the geographic
pole. However, if many VGR's for slightly )
older rocks (say one millioh years or less) were

-

geographic.pole but would have more scatter than
points determined from the mogdern rocks.
Because modern rocks have faithfully recorded
the location of the magnetic pole anrd the one-
million-year exan‘ple seems to indicate that

the magnetic pole moves in some manner about
the geographic pole, it is believed that over a
million-year period (actually; pérhaps as little as a
few thousand years) the average position®of the
magnetic pole is centered on the geographic.
pole. An example of such motion is shown in
Figure 1. Thus, when averages of VGP for focks
-formed over periods of time in the order of

one million years, such averages are called
“paleomagnetic poles.” In making such averages,
rocks which giye peculiar results usually are .
not used. Paleomagnetic poles, therefore, repre-
sent former locations of the geographic pole.

T;\o-more lines of evidence support the idea that
paleomagnetic poles are geographic ques. The
Yirst is theoretical and concerns the origin of

the geomagnetic field. Because,the magnetic field
is believed to be caused by motion of molten iron
In the Earth’s core, We would expect it to have the 5
same basic symmetry, or general shape, as the

fluid motions that cause it. Thesé should be
symmetrical about the geographic pole because

of the effect of the Earth’s rotation (the trade

winds have a similar origin). Thus, the geographic

and geomagnetic’poles shoulq‘be\identic‘al.

- <

The second fine of evidence concerns the -

7

geographic pole. We can identify warm and
cold-weather rocks and fossils in the geological
record by comparison with conditions today. For
instafnce, reef corals and similar organisms
indicate equatorial latitudes, while glacial de-’
posits generaljy suggest polar latitudes. "Paleo-
latitude™ can also be calculatéli from paleomag-
neti¢ poles. This makes reasonably good sense
In terms of the climatic evidence.«That is, rocks
that seem to have originated in @ warm climatic
zone usually yield magnetic directlons indicating
that the pole was far away, while cold-climate
rocks normally show a nearby pole. Thus, the
magnetic, climatic, and theoretical evidence
strongly suggest that the paleomagnetic method,
properly applied, can give the locations of the
geographlc pole at'various times in the past.

n
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What does paleomagnetism reveal about the
location of the pole long ago in'the past? if rocks
of successively greater age from any one continent
are investigated, their magnetic directlons
measured, and paléomagnetic poles caiculated,
the poles are found to form clusters. These clusters
are not centered on the present geographic pole,
For example, rocks roughly 100 miilion years
old from North America glve a polar cluster
in thegextreme eastern tip ob Siberia. Rdcks
roughly twice that old, again from North America,
yield a polar cluster several thousand kilometers
farfher west. By the Paieozoic (300-600 million
years ago) the polar clusters fiad swung south
throwgh China and then,into the Pacific Ocean.
A sm
the path adlong which the pole apparently has ™
moved. For réasons that will be explained later,
such a path is properly referred4o as the path
voof apparent polar wandering relative to North
America;”

Y

Next the duestion of whether it is the pole, or
North America, that has done the moving, needs.
to be examined. Obviously; any path of apparent
polar wandering could be caused by No\rth
America remaining stationary and the paofe
moving, or the pole remairing statipnary and *
North America moving, or by both-moving at once.
AH you can see in the rock record is the relative
.motion between the two, Hence, because the pole
may not move at all, this is referred to as the path
of apparent polar wandéring

A simple tesl can be used io demonstrate that the
continents do move, relative to gach other, and
that they alsé may move relative to the pole. The
test'consists of constructing separate paths of

" appatent pole wandering for each continent.

If the continents had nof moved relative to’ each

- other, then thbse wandering curves shouid be

~

identical bec‘\ause obviously the pole can only be
in one place at a time. [n fact, norte of the curves

SUGGESTED’ APPROACH

Except for PART B, these activities ,should be
done by the Btudents as |ndependen! inquiry,
working at their own péce. Because-the a€fivitles
involve a'series-of ideas and conclusions which
may become confuslng if each.is not clearly
- understoqd, 4t is recommended that a class dis=
cussiop be sénducted at the end of each part. You
may have to summarlze the contlusions. '

th curve joining these polar clusters gives

of apparent polar wandering for the various
continents coincide. This makes Jt nearly'certaln .
that the continents themselves have moved
relative to each other. (This is a very powerful,
argument in favor of continental drift.) An
example of mismatch in paths of apparent polar®
wandering is shown in Figure 3. The path for
North*America in this illustration is displaced
from the path for Europe by almost exactly the
width of the Atlantic Ocean. . !

But is there true polar wandering as distinct from’
continental drift? The answe'r is that we don't
really know, although the balance of current
(1977) evidence is negative. What is-meant by true
paiar wandering is motion of the entire Earth,

or perhaps its complete outer shell, reiative to a
spin-axis that is fixed in space. We are reasonably
¢ertain. that it would have to be the Earth, not

the pole, that would move for two very good
reasofts. First, the spinning Earth is a huge gyro-
scope, and any force great enough to tilt such

a gyro!cope ptobably wouid tear it (t gyroscopic
Earth) to pieces. Second, as shown ¥ Table 1,

the Earth and other planets tend to rotate about
axes that arté nearly perpendicular to the plane

in which they rotatg about the Sun. This looks
very much like a condition that originated

with the Solar System, and argues that the poles~
have not been tilted since. It seems that true polar
wandering, if it exists, must consist of motion

of the Earth or of its outer shell. Thfs, of course,
would go on simultaneous'fy with continental

drit{ and would add a similar component to all

- curves of apparent polar wandering. Such a com-

mon component has been sought and, to date,
not detected. For this.reason we say that
tfrue polar wandering, as distinct fram the

. apparent polar wandering that points to conti-

nental drift, may not exist. In view of how rapidly’
ideas are changing the earth sciences, however,
aimost certainly this is not the final word pn
tl@ subject.

»
PART B involves using gyroscopes and Is loosely
structured. J'he groups, depending upon the
number ofgyroswpes available, should be
encouragéd to try to make the gyroscopes do
different things. . )

/
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PROCEDURE ==m—=rosamme- e T S S s s TR |
PART A. What are the relations betyveen the The Earth revolves around the Sun in 365« days
Earth's movements in space, the north geographic The path it takes forms what is called the ecliptical
pole and the north magnetic pole? ° plane. At the same time, the Earth rotates on its .
In this activity the students review the relation- . , elmaginary axis every 24 hours The axis of rotatrlbn .
ship between the axis of rotatibn, the north ’ . isthe imaginary axis about which the Earth
and south geographic poles, the climate and the rotates

magnetic poles. The similarities of the ecliptical . . 2. Using the information pfesented in Table 1
planes and inclination of the axes of the planets and the circle below which represents the Earth; "
of the Solar System are noted. The relationship . - draw and label the imaginary axis around \
of the north magnetic pole to the north geographic which the.Earth rotates. Label the equator,. the
pole gince A.D. 1 is studled and conclusions are north pole and the south pole.

reached about the relationships in the T The students should complete the dr‘awmgs as
geologic past. : shown below. As the £arth’s orbit is usually . *
Key words: ecliptical plane, axis of rotation, , thought of as a horizomal plane, the axis is usually
north geogrdphic pole, north magnetic pole, visualized as being vertical or 23" from
inclination of ecliptical pfane, inclinatior of axis |, vertical. Either drawing is correct, depending

of rotation, paleomagnetism, potar wandering upon how the Earth is visualized in space. Because
curve ' the question does not specify the orientation, _
Time required. one 45-minute period. However, other answers canndt be considered incorrect.

questions 4 and 6 ask the students for some - a What s the relationship between the axas and
original thinking which might require more time the north and south poles?

for some students. The poles are the ends of the axis of .rotation.

Maternials' none b The angle between the Edrth's axis and the -
Students should be able to work by themselves. . plane of the equator 1s _90 degrees
However, they might become “bogged down" .

with questions 4 and 6 and need help.

v .

Equator
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- ) Table 1
Data on the planets of the Solar System, with
a diagram/of them revoiving about the Sun
DLagram pot drawn to scale

Inchinatsog Inchination
of Echiptical of the axes
Plane,
Compared
to Earth

v 58.000.000 km- 7°
Venus 108,000,000 km 3°
Eartn ~ - 150 000.000 km
Mars, 228,000.000 km
Jupifer 779 000.000 km
1,432,000 000 km
2.870.000.000 km
4.500.000 000 km

Name { pproximate
i Distance

from the Sun

Mercury

Uranus
Neptuhe

Piuto 5 900 000 000 krf
*sometimes listed at 98°

2. Study Table 1" Answer the following questions
about fhe planets of our Solar System The =
inclination of the ecliptical plane, compared to
Earth, 1s the tilt of the planets’ paths as compared
to the Earth’s path

a How similar are the inchination$ of the
ecliptical planes?

All are similar except Pluto, which is inclined 17°.

b How similar are the inclinations of the axes
of rotation? The inchnations of the axes aof
rotation are measured from a hine vertical to the
ecliptical plane - -

LJ
All are fairly similar except Uranus, which has an
inclination of 82°. No information is available
for Mercury or Pluto. )
q If the planets (except for Mercury, Uranus and
Pluto) had ice caps, or areas which are colder,

. how would these be related to the axes of

rotation (or the geographic poles)?

As on Earth, the ice caps (or cooler areas) would
be negar otat the north and south geographic poles
which are defin?d by the axes of rotation.

No information is available at this time for
"Mercury or Pluto. Because of the odd {jit ot Uranus,
thefend of the axis towards the Sun would always
be hottest; the equator would be intermediate
and the end of the axis away from the Sun would
always be coldest. ’

’
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3. What is the explanation for the colder climates
at the north and south.poles and the hotter
climate near the equator on Earth? Explain this

by using the diagram below.,, .
At the‘equator the Sun’s rays are dlr‘é\ctly over-
head so that a given area receives the maximum
amount of heat (energy). At the poles, the rays
are at an angle so the heat Is distributed oyer a -
larger area. Because the area receives less
energy, it is colder.

*

It is expected that this concept was develgped in
a previous science class at a lower grade level,
so that the students will be able to answer the
question ffom their own knowledge. If not, you
may wanf{ to expand on this concept. One way to
demonstrate this principle is to shine a flash- \ .
light with a strong narrow beam on a globe of
the world. Hold the flashlight perpendicular .
to the equator so that the light (energy) is

S .
concentrated in a small area. Without changing
the distance, raise the flashlight to show how the
same amount of light is distributed over a much
larger area at the north pole where the light
is not perpendicular to the surface).

L

N -

Sun s rays obhque
North pole at north poie

’

A

A

Suns rays vertical

Equator at equator

“«— — — e ————— -« Sunsrays

A

A

A

South pole
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4. How might sedimentary rocks formed in -

warm, marine water or In the desert near the
_equator, be distinguished from those deposited in
= colder areas?

The studeﬁts will need to rely on their own
knowledge to answer this question. By “br@in
storming” some of the class may come up with
some good ideas. Two kinds of answers are
possnble evidence from fossils in the rock and
evidence from the nature of the rock itseif. For

- example, at the present time, reef corals live only
in warm water and occur only in a belt around
the equator, extending to latitudes of ahout 30°
north and south of the equator. From this, it is
presumed that fossil reef corals may be used
as evidence that the rock originated in warm
water. Finding evidence of a cold cllmams some-
what more difficult. One example is when the
rock itself 1s an indurated glacial deposit. Some
answers which the students might give are
listed below:

Evidence of hot or warm climates:
» Fossil reef carals : '
* Other fossil animals or plants that live only
in warm water (tropical fish, certain kinds
&_\1 of marine life with unusual shells) .
¢ Certain fossil plants (ferns, palms)’
¢ Coal deposits (indicating heavity vegetated
swamp areas)
* Salt deposits (usually formed in hot, dry
. areas)
¢ Red-beds (usually formed in hot, dry areas;
color indicates thé oxidation of iron) -
s “Fossil” sand dunes (cross-bedding in some
sandstones) -

Evidence of cold climates:
-» Fossils of organisms that lived in. cold
climates (woolly mammoth)
s Rocks which formed from glacial deposits
* Fossil pollen from cold-climate fir trees '

[

™

‘,‘1
When geologists study the sedimentary rocks of
a given age, something can be learned about
the climate when the rocks were formed In some
cases, the hot-climate rocks occur as a band
which can be traced around part of the Earth in a
strange direction. From this, it can be shown ’
that the equator which existed at the time the rock
formed was at a different place than it is now.
Usually the equator or the poles can be located
only approximately. However, evidence indicates
that something strange has happened in geologuc :
time. either the equator "and poles have wan-
dered or the rocks moved after they were formed.

Because these studies give only approxtmatg
locations in terms of latitude, more accurate
information I1s needed Such information can be
obtained through the study of paleomagnetism.
Paleomagnetism involves$ stadying rocks of a
given geologic age to determine the location of
the north and south Magnetic poles which existed

A}

when the rocks were formed
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First, you need to know something about the 8. Using paleomagnetism, can you think of a way

relation between the geographic pole and the to prove that the magnetic pole could not have

magnetic pole Can one be used to locate the . . been located near the equator for any length

other? Let's begin by looking at the relations since of time, as shown in Figure 2b? (The coral reef

AD 1, Which are shown Iin Figure 1. deposits, representjng hot-climate rocks around .

5. On the basis of the'locations from A.D. 1 - the equator, are shown in the diagrams as

to the present, how would the average position of a clue.) o
the magnetic pole relate to the north It the north magnetic pole were near the equator

geographic pole? i . as postulated in 2b, the paleomadnetism of some

The average position of the magnéti'c pole is rocks c'or.naining reef corals (indicafing that the.
close to the north geographic pole. rock originated near the equator) would show

' that the rocks were formed near a magnetic pole.
Even If you decide that the magnetic and geo- The answer is given in the paragraph which
graphic poles have been near each other since follows the question, so the student only needs
A.D 1, how do you know if they have always been ’ to read further to find the answer.
this way? Maybe the magnetic pole was tocated ) . :
near the equator sometime in the geologic past i ¢
This posstbility 18 shown in Figure 2. .

4
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Northﬁ
geographic
Location-after résgarch data
by Prof Robert T Dubois

Estm,létec igcation 1980-1955

4,
aQ
a

Actual locations 1955-1970

-

Greenland .

\ X/

0 (

A

-~

Figure 1 The constant position of the north geo- . (Permission granted from Bisque, L., Pratt, H.,

‘ii

graphi¢ pole s marked with a'"+". The different and Thompson, J., 1975, Earth science. patterns
positions or path of the magnetic north pole since in our environment. Englewood Cliffs, N.J.,
@ N. 1 are shown with the'line and arrows.  * . Prentice-Hall, Inc.,, p. 90.)
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When the palepmagnetism of hot-climate rocks is -
studied, the magnetic poles have always been . v
) found to be great distarrces (90° or so) away from -
.+ therocks, as sho\w_%%n Flgure 2a, No places have - '
' ~ been found whete the paleomagnet:sm indicates . .
that the magnetic poles were near the hot-climate
» - rock deposits, as would be the cade if Figure 2b  **

»were true. - .

From this kind of negative evidence, it has been .
assumed that the average location of the magnetic . s,

poles may belused also as the‘location of the : . -
geographic poles throughout geolpgic time.
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- PROCEDURE ,

A
_PART 'B. How do the principles of a gyros¢ope
relate to-the Earth? U
With your guldance, the students investigate *
how a gyroscope works. The purpose of this,
actlvity is to show that it is dlfficult to. change the
direction of the axls of a rotating body. Because
the Earth Is similar to a gyroscope, It Is belleved
+ that the axis of rotation has always been at
23'%:° and that the geographic poles have not #
rchanged in‘terms of the axls and the eglptlcél :

—

plane.: . ,
Key woigl: gyroscope \ .
' Time requlred; one 45-mi'nutg perlod
‘ " Materials: gxrgscopé T e
As the studbnt§_ are to work In groups, the number
. and size of the groups will determine how many

gyroscopes are needed. If the groups are small,
more students will be actively involved In
this actlvlity. . \

. _In preparation for this activity, you should
practice putting-a gyroscope in motion. From thls
experlence you should be able to glve the students
. advice on how much string to use, how tight -
to wind the string, how to hold the gyrdscope and.
' how hard to pull the string. Phese instructlons
will vary with the sT% of the gyroscope and
the nature of the string, so a practice session is
strongly ddvised. . ‘ -

. The extension of demonstrating with a bicycle
_ wheel is fun and should be done, if possible.,
(See details after step 5.) '

8 it. The axis of rotation remains pointed in the
+ same direction.

A

The question you need to think abotit nellks .
whether the axis of the Earth has always begn .
inclined about 23%°. Could it, like Uranus which * Q
is inclined at 82°, have had a greater inclination
in the geologic past? T¢ help answer this question, *
you can learrt about the actions of a spinning

. body by studying a gyfoscope. For this study, -

the teacher will divide you into groups, depending

upon the number of gyroscopes =~ v -

1. Before you set your gyroscope Into motion,
imagine that it represents the planet Earth. On the
- diagram below iabel what would represent the
north polé, south pole; equator and axis of
rotation. | . S
2" Your teacher-will show you how to set your
gyroscope in motion. After it is spinning, try
tilting 1t and changing its position Answer the
following questions.

a. Is it easy to tilt your gyroscope when it is
spinning? . ‘
(No X . ,

“ b, What happens when you try to tilt it?
The whole thing moves in the direction’you push

3. The Earth is spinning in space like a gyr'oscope

What can you conclude about the Earth changing  ~

its axis of rotation? . ‘
The axis of rotation has probably always
remained the same. ) .

~4

L - .
Axis of rotation

North poie Iy l

7 South pole ) .
4 J !
{ .

-
.
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\4. Based on this, do you thinkit is likely . .Upan the conclusion nd discussion of this
that the north and south geographic pole$ moved - activity, a demonstratfon with a large blcycle
! around during geologic time? . wheel, which is used as a gyroscope, is excelfént -
. It unllkely thpt the geographic poles have - to reinforce the basic concept of this aétlvlty it -
. ged in ferms of their dlrectlon in space - ~¢hould be done If at all possible.
» rel‘atl,ve to the ecliptical plane. ' ~ You can probably borrow this piece.of equipment
5. You have determined that the north and south from someonie in yoyr school district. It might
', geographic poles (the axis of rotatior!) have . - - be used in a physijcal science or physics class.
, not moved in the geologic past and were never Holding the large gyroscope (bicycle wheel),
+ « far apart. How is it possible, then, that many rock . by the axle with the axis horizontal, have a
amples contain a_paléomagnetic record which . student spin it very rapidly. If a motor Is Used, a
suggests-a quite difterent location for the' much faster spjn may be obtained which will
magnetic poles? Think carefully. v achieve better results, Aftet the wHeel Is spinhing,
The rocks have changed positien. Parts (or all) nbtedhat it takes a tremendous amount-of energy
of the crust of the Eartf may have moved. Rocks * to tilf the axis of rotation. While it is still spinning
which formed at the equator 3t one time in ' - fast, give it to a student to Hold. Let thé student
the geologic-past are no longer located at the ‘ try to tilt it. Depending upon the speed, the
“equator. ] o & student probably will not be able to tilt it.
. If it can be tilted, it will be obvioug that a great
<3, ’ ’ - amount of energy is required.
‘ vy, . »
' L . , s ’
- [}
. X ) s,
, \
» Y
“PROCEDURE ==
PART_C: What s the apparent path that the north . Hoewever, if the students are not famlliar with .
pole has taken through geologic time? " a polar projection (ntap on Worksheet), you may -
In this activity the students plot 15 paleo- wish to talk about the following features of .
magnetic poles by their ‘latitude and longitude the map:
. onto a map which is a polar projection. Visually, * a. The outside circle represents the equator
they average together poies of a similar age to at 0° {atitude.
locate the.apparent paleomagnetic pole of that b. The larger dashed cirfle represents the /
age. These points are connected to form the . Tropic of Cancer at 23'.2° N.
apparent path of polar wandering. The actlvity c. The smaller dashed circle represents the
concludes with some questions baseg on plotting Arctic Circle at 66'2° N.
«and the Implications of the data. ’ - *d. The smallest clrcle near m(\orth pole
Key words: none - s ) - represents 88° N. latlitude. (This niight be mis-
. Time required: 1% tg-2 45-minute perlods, taken for the 80° N. line If- one is not careful.)
g;ﬁi:d;?fd:::&n how many questions ariasked Because the Answer Sheet is printed In brébwn
] ) . . and black, the relationshlp of the poles of different
Materials. Worksheet, colored pencils (optional) geologic ages is not as obvious as It should be
When the data are plotted on the maps, the 'on the studént maps (if colored pencils are used).

mformatlon is easier to read if a different color

is used $6r each of the six geologlc perlods On this Answer Sheet the geomagnetic poles have

been connected by ‘straight lines, so these can

Plotting the data and drawing the cuirve are hardly be called a “curve.” To draw a curve

straightforward so the students should be able to would require more data and more Interpretation.

work on their own. Question 4 requires some *|f your students wish to connect.the points to
. Independent thinking. ’ _ form a curved line, this should be encouraged, as

long as they understand that they are making
an Interpretation in declding how to draw the
curves.

st

e
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Table 2 gives the locations of the magnetic poles / 1. Of the six ages, when was the hypotheti‘cal N
for six_periods of geolog:ic time, These were found iocation of the north geographic pole closest to
by studying the.paleomagnetism of the rocks its present location?

at the places listed. For example, when a study During the Upper Tert}ary.

- s M , /4
2. Of the six ages, when was the hypothetical ‘
loation of the north geographic pole farthest
from :ts’present location?

was made on the Coiumbta River basalts of
aVashington and Oregon, the north magnetic pole
was found to be at 86° N. 26° E This rapresents
an average.of valags obtained from 911 rock i
sgmples from 433 different places. These basalts During the Cambrian. ’

were formed and ceoled about 20 million years 3. Of the six ages, which hypothetical location
ago Thus, the latitude and longitude give | ‘of a north geographic pole is most apt to be
the position of the magnetic pole when the rocks incorrect? Why?

formed 20 million years ago. | The Ordovician geomagnetic pole. It may be
When igneous rocks of similar age-from other incorrect because its location is based on only one
places were studiedt, these gave a somewhat . point, and it seems out of place in comparison Y
different location (73° N. 142° E. and 72° N. to the Carponﬁerous and Cambrian poles.
146°W ) for the north magnetic pole. Not as many
" rock samples were studied at these localities,
but each pole locgtion represents an average of
many samples. The three locations for the north
magnetic pole 20 midlion years ago, pius others
* not given on the data sheet (Table 2) were plotted
on a map The location of the north geographic
pole 20 milhon yeags ago s presumied to be
located at the midpoint position

L 4

Plot on the Worksheet the positions of all the
magnetic poles given on Table, for each of the
six time periods. If you have colored pencils, use

* a different color for each age. Estimate the aver-
age position for each age from the different & *
locations. Mark this with an “X"on the map as
the north geographic pole for that age. Label the
age of the pole with the ietter symbol which ’ .

. represents the time penod o . ™
Table 2.

;2 é?gtfcgo(jg (r?ggor:n);;anri/:g?s) ago) Location of the magnetic poles based on p_aleo-
Tr= Triassic (200 million years ago) magnetic studies of rocks from North America.

Data selected from McEihinny, MW, 1973,
C = Carboniferous (300 millhion years ago) ( ’
O = Ordovician (450 million years ago) Paleomagnetism and plate tectonics: Cambndge

€ = Cambnan (525 militon years ago) Cambridge University Press.)
20 million years ago (Upper Tertiary) -
After you have located and labeled these six Columbia River basalts,

north geographic poles, connect them from oldest , Washington and Oregon e’ 26°E

to youngest to show the apparent pathof polar Nevada rocks 3°N.  142°E,

wandenr@ ’ Montana volcanics 72°N 149°W
- . 0 million years ago (Cretaceous)

\ - Bucks Batholith, California _ ¢ 58°N  165°W

Magnet Cove, Arkansas - 65°N 173°W

Diabase, Parry Islands . 69°N 480°W

200 million years ago (Tnassic) * .
Igneous rock, Connecticut Valley "65°N 87°E.
Sedimentary rock (Marron Fm.),

Colorado 56°N 100°E.
Basalt, North Mtn, Nova Scotia 66°N. 113°E.

300 million years ago (Carboniferous)
Hopewell Group,-New Brunswick  34°N. 148°E.
Barnett Fm., Texas 41°N. 135°E.
Cumberland Group, New Brunswnck 36°N. 125°E.
460 milhon years ago (Ordowc»an)
. Newfoundland .- 28°N.  168°W
.525 million years ago (Cambnan) )
Ratcliff Brook Fm , Maine 10°N. - 124°E.
Wichita Granite, Oklahoma 2°N 147°E.

-
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[ 4. In terms of what has moved, how would you
explain the jocation of the north geographic pole

dunng ‘Cambrian time? Can you tal‘:nink of two
or three ways for this to happen?  »
The Cambrian rocks which are now near the
equator were near the north pole when they
wege formed. ’ e
if the Earth’s axis Is fixed in space, It bitomes a

* question of vlsua!lzlng, how much of the Earth's
. rock is moving- . . :
a.’ Qrily the outermost parts or pleces (of the
crust) could move. The continents could spiit

/ apart and move In different directions over the
surface. (This could be like a wet postage stamp
of an‘orarige. Besides slipping around on the
sutace it cbuld break Into pleces.) - ,

’ - -

Q

«néwer Sheet (PART C),

s ¥ -.‘14"}

o, i ',

. A =
B

_ b. The entire outer crust could move as a unit.
This could be like the peel-of the orange which
. _became separated from the interlor so that the peel
could shift around while the interior and axis
- remained In the same place.
" c. The entire Earth, the crust and interlor, could
_shift with oniy the-axis remaining fixed In space.
d. Combinations of the three above kinds of
movement might be taking place at the same time.

The answer to this question is not kr]own. Theorles
a, b, and c, above, are listed In the general order
of probability. .

v

L 3

- ® Plotted poie positions

X Averagé polerposiions
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PROCEDURE =
PART D: How do you explain the differences

One strange fact about polar wandering curves is

between the polar wangdering curves? . ‘ that they are not the same for rocks from different
In this activity the students examine a map continents. You would think, for example, that
. (Figure 3) showing the polar-wand'ering curves for studies made on any Cambyian rocks would locate .
North America and western Burope. Aithough : the north geographic pofé at approximately
the curves pass through ditferent places, students the same place. Everyone knows that the north
discover that the curves have similar shapes by - geographic pole could only be at one place at
tracing on® ang comparing it with the other. The any given time. However, Cambrian rocks from
amount of rotation needed to bring the curves - . North America give a pole location which is 50° -
together is about equal to thg width of the Atlantic’ away from the one for Cambrian rocks of Europe.
Ocean. From this the students should recognize . The values are toe far apart to be explained ;
that the curves strongly support the idea of ,”%r\\/ by known variations or by errors in the method.
,  continental drift. - o Figure 3 shows the two polar wandering curves
Key words: none oo badsed on rocks from North America and Europe. o,
4

Time required:‘one 45-minute period (or less)

Materials: small piece of tracing paper (approxi- '
mately 5 cm x 5 cm) for each student and %a globe.

or world map. . ) .

~

0w

180

aS—

S-D

North America .\1\6
9 °

4

150

! 30E
’

K

Figure 3. North American polar wandering curve for north pole (shown with dark circles) and Europe polar
wandering ourve (shown with dark squares$) from McElhinny, MW., 1973, Paleomagnetism and plate -
tectonics, Carrtgndge, Cambridge University Press. The symbols for the geologic penods (youngest to oldest)
are K = Cretacedus, J = Jurassic, Tr = Triassic (Tru = Upper Triassic, Tri = Lower Triassic), P = Permian, Cu =
© arbonifetous (Upper), S-Cl = Silurian-Lower (;arbOniferous. S-D = Silurian-Devonian, and € = Cambrian
LY \ 1
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1. How does the curve which you drew differ
from the published curve for North America
shown in Figure 3? .

The curve made by the class is based on fewer
points. The published gurve is based on more
points and omits the Ordovician one (which may
be incorrect). ' . ’

2. Although the curves for North Americajl(d
Europe shown on Figure 3 are different, if what
ways are they similar? ] .
They have similar shapes and end at the same
point.

3. Take a piece of tracing paper and trace off
either the curve for NOrth America or the one for
Europe. Put your,tracing over the other curve

to see if they have the same shapes What can you
conclude about the shapes?

They are quite similar.

4. Can you think of a way to explain why the
north geographic polés recorded in the Cambrian
rocks of North America and western Europe are
about 50° apart?

During Cambrian time the rocks that were form-
ing were 50° closer together. Since that time,
they have mov\ed apart by §0°.

&~

SUMMARY QUESTIONS

1. What are the reasons for believing that the .
magnetic poles have always been close to the
geographic poles?

The magnetic and geographic poles have been
clgse to each other since A.D.-1. The midpolnt of
these‘magnetic pole positions s close to the
geographic pole. When oider rocks are studied,
those which show evidence of having been forme
neaf the equator (reef corals, for example)
have geomagnetic poles which are some 90"
away. /

Thus, the climatic evidence of the location of

the equator and polar areas agrees wlth the
geomagnetic evidence. (Thls is signlficant because
it is believed, based on the gyroscope princliple,
that the direction of the axis of rotatlon has
remained tixed in space. Thus, the relations of the
hotter and cooler areas, as determined by the
rocksésmay be used to determine the location of
the geographic poles.) . ’

-

l
-

LY

5. Look at a globe or'map and count how many
degrees of longitude are betweén the east coast
of North America and_the west coast of-Europe. -
What is the approximate number ot degrees? .
50° R . :

6. What major’idea does the evidence of thes

, polar wandering curves support? ’ :

The evidence supports the Idea of continental
drift. 1t shows that North America and Europe
were once next to each other, as during
Cambrian time, but they have split and drlfted
apart by 50° (the width of the Atlantic Ocean). «
Because the curves start comfng together after
the Permian, this suggests that the continental
drift between North America and Europe

began at that time.

Ld
4

2. How are the locations of the magnetic poles
determined from the rocks for a given geologic
period, such as the Cambnan? .

The geomagnetic poles for a given geologic
period, such as the Cambrian, are determined by
studying the remnant magnetism of those rocks
formed during that time. When many such deter-
minations are plotted, they form a cluster of
possible pole positions. The average of the cluster
is taken as the apparent paleomagnetic pole

for that period. )

3. If you believe that the axis of rotation of the
Earth is fixed and you find evidence that the
north geographic pole appears to wander, what
is probably moving? ‘

if the rotation of the Earth is fixed and the
evidence shows that the pofés appear to wander,
this means that the rocks must have moved.

This could be the rocks of the continental masses,
or all the crust, or all the E\‘arth.

4. When it is obvious that the locations ofthe
north geographic pole can form only one curve,
why are the polarwandering curves of North
America and Europe located at different places? -

Because the polar wandering curves of North
Amerlca and Europe are dlfferent, but can be
rotated to have a similar path, this Is taken as
evidence that the two continents have drifled
apart.

-
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Using the data below plot the poles from western
Europe onto your map.

Period . North Pole
Upper Tertiary " 80°N. 157°E
Lower Tertiary ° .75°N.  151°E.
Cretaceous 86°N. 0°
Jurassic | : 36°N. 50°E
Trassic : 45°N 143°E.
Permian .. 45°N. . 160°E
Upper Carboniferous 38°N 161°E
Siturian-Devonian to 17°N 161°E.

Lower Carboniferous .
Upper Silurian to . 0° 136°E
Lower Carboniferous
Ordovician ~ 10°N 176°E
Ordovictan (Irgland) 2°N. 212°E
Cambrian . 22°N . 167°E

(From McEIhinny, MW, 1973, Paleomagnetism
and plate tectonics Cambridge, Cambridge
University Press )

The data for the geomagnetic poles for western
Europe should give a curve similar to the one
predicted for Europe on Figure’3.
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Drifting Continents
And Wandering Poles
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INTRODUCTION . nNe= 720

When scientists locate the posttion of the

north geographic pole during the geologic past,
it seems to have been at different places at
different times The positions of the pole can be
plotted on a map to show 1ts path through
geologic time to the present ime This path is
called a polar wandering curve. It telis us some
ymportant things about the Earth's history

To find the position of the north pole in the past.
you need to know something about the refation-
ship between the north geographic pp&e and

the north magnetic pole. Can the magnetic pole.
which can be located more precisely, be used

to locate the north geographic pole? Is the
movement real or is it only apparent? What is the .
evidence for movement and how can this be.
explained? These are all difficult questions which”
will be stud:edrm this module

_OBJECTIVES ===~ aso. s qamsoio: om0 Ty ;
After you have completed thesegctwmes you
should be abie to
1. Describe the relatlonsmp between the north
geographic pole and the north magnetic pole
and*how this may vary in space and time. -

2. Demonstrate the principle of a gyroscope and
explain how it relates ‘to the Earth.
3. Plot the positions and draw a curve showing
the possible locations of the north geographic
pole in the geologic past.
4. Tell how polar wandering curves might be

. used to explain the movements of continents

l: KC Copyright 1979 by Southeast Missouri State University




PROCEDURE

PART A: What are the relations between the
Earth’s movement$ in space, the north geographic
pole and the north magnetic pole?

Matenals. none

The*Earth revolves around the Sun 1n 365% days
The path it takes forms what is called the ecliptical
plane. At the same time, the Earth rotates on its
imaginary axis every 24 hours. The axis of rotation
is the imaginary axis about which the Earth
rotates.

\1. Using the information presented in Table 1

and the circle below which represents the Earth,
draw and tabel the imaginary axis around ¢
which the Earth rotates. Label the equator, the
north pole and the south pole.

a What is the refationship between the axis and
the north and south poles?

b The angle between the Earth's axis and the
plane of the equator s degrees.

Table 1. -
Data on the planets of the Solar System with
a diagram of them revolving about the Sun.
. - Diagram not drawn to scale. »

Name Approximate Inclination Inchination
Distance of Ecliptical of the axes
from the Sun Plane,
' Compared
to Earth
Mercury 58,000,000 km 7° ?
venus #08,000,000 km 3° 24’ 23°
Earth 150,000,000 km 0° 23%°
Mars 228,000,000 kmy, 1° 51 24°
Jupiter 779,000,000 km 1°18 3°
.Saturn 1,432,000,060 km 2°30 o 27°
Uranug 2,870,000,000 km 0° 46’ ‘g2°
Neptune  4,500,000,000 km 1° 47 29°
Pluto 5.900,000,000 km 17° 17’ s ? >
© ‘sometimes listed at 98° . .
[

’




B .

2. Study Table 1. Answer the following questions
about the planets of our Solar System. The
inclination of the ecHptical plane, compared to
Earth, i1s the tilt of the plariets’ paths as compared
to the Earth's path. .

a How similar are the inchinations of the
ecliptical planes?

- | K
b. How similar are the inclinations of the axes
of rotation? The inchnations of the axes of

. rotation are measured from a line vertical to the
ecliptical plane -

t
\ . .
c. If the planets (except for Mércury, Uranus and
Pluto) had ice caps, or areas which are colder,
how would these be related to the ax3s of
rotation (or the geographic poles)?

{

[}

-~
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3. What is thé explanation for the colder climate$ When geologists study the sedimentary rocks of
at the north and south poles and the hotter a given age, something can be learned about
climate near the equator on Earth? Explain this the climate when the rocks were formed. In some
. by using the diagram below. cases, the hot-climate rocks occur as a band i
: - which can be traced around part of the Earth in a ‘
strange diréction. From this, it can be shown
that the equator which existed at the time the rock
formed was at a different place than it 1s now.
Usually the €quator or the poles can be located
only approximately However, evidence indicates
that something strange has happened in geologic
time: either the equator and poles have wan-
dered or the rocks moved affer they were formed.

Because these studies give only approximate

locations In terms of latitude, more accurate

information is needed. Such information can ber

obtained through the study of paleomagnetism.
4. How might sedimentary rocks formed in Paleomagnetism involves studying rocks of a
warm, marine water or in the desert near the given geologic age to determine the location of
.equator, be distinguished from those deposited tn the north and south magnetic poles which existed
colder areas” - When the rocks were formed*

Suns rays ————




First, you need to know something about the 5. On the basis of the locations from AD 1
relation between the geographic pale and the .to the present, how would the average position of
magnetic pole Can one be used té locate the * - the magnetic_pole relate to the north

other? Let's begin by looking at the relations since geographic pole?
A D 1, which are shown in Figure 1. o

%
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Figure 1. The c%sition of the north geo- (Permission granted from Bisque, L., Pratt, H,,
graphic poie 1s markeé h a “+". The'different , and Thompson, J., 1975, Earth science:"patterns
positions or path of the magnetic north poie since in our environment: Engiewood Cliffs, N J.,

B Y a0, 1 are shown with the line and arrows. Prentice-Hall, Inc., p. 80.) .
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Even if you decuad/e/ﬁthe magnetic and geo-
graphic poles have been near each other since
AD 1, ho&do you know if they have aiways been
this way? Maybe the magnetic pole was located

near the equator sometime fr the geolggnc past.
This possibility is shown in Figure 2.

6. Usmg paleomagnetism, can you think of a way
* _ to prove that the magnetic pole could not have
been located near the equator for any length
of time, as shown in Figure 2b? (The corali reef
deposits, representing hot-climate rocks around
the equator, are shown in the dlagrams as
. aclue)

[

« -

e

3]

@&

Equator

a. Presght relation, with magnetic pole close to

. o the nortb geographlc pole .
. R SN

EKC “‘, "~

wll Toxt Provided by ERIC

North geographic-pole ——l [ North magnetic pole
v ) 14

s

When the paieomagnetism &f hot-climate rocks is
studied; the magnetic poles have always been

found to be great distances (90° or so) away from

the rocks, as shown In Figure 2a No places’have )

been found where the paleomagnetism indicate’s ‘
that the magnetic poles were near the hot-climate

rock deposits, as would be the ¢ase if Figure 2b

were true.

A

From this kigd, of negative evidence, it has been

assumed that the average location of the magnetic ,
poles may be used also as the location bf the .
geographic poles throughout geologic time.

L]
-
v

“North geographic pole —l North magnetic pole —

' Equator

b Possible relation in the past, with magnetic

" pole located near the equator.

Figure 2. Relation of geog;'aph'lc and magnetic poles of the Earth. ' o

-




PROCEDURE == = —
# PART B' How do the principles of a gyroscope 3. The Earth is spinning in space like a gyrpscope.
+ relate to the Earth? ~ . What can you conclude about the Earth-ehanging
‘ its axis of rotation?
Materials: gyroscope , R
. The question you need to think about next 1s ) -
whether the axis of the Earth has always been N } . -
inclined about 23%°. Could it, ike Uranus which -
is inchined at 82°, have had a greater inclination
in the geologic past? To help answer this question, sy LY
you can learn about the actions of a spinning ) 4. Based on this, do you think it is Iikeﬁ// .
body by studying a gyroscope. For this study, that the north and south geographic poles moved
the teacher will divide you irto groups, dependtng around during geologic time?
g upon the iumber of gyroscopes.
1. Before you set your gyroscope into motion, - J
imagine that it represents the planet Earth. On the
diagram below label what would represent the |
fhorthi pole, south pole, equator and axis of .
' rotation t , o

2. Your teacher will show you how to set your '
gyroscope in motion. After 1t I1s spinning, try 5. You have determined that the north and south
tilting 1t and changing itsposition Answer the geographic poles (the axis of rotation) have
following questions: not moved in the geologic past and were never .
a lIs it easy to tiit your gyroscope when it is far apart How ts 1t possible, then, that many rock

" spinning? ’ ¢ ‘ © samples co{gtam a paleomagnetic record which - o

. suggests a quite ditferent jocation for the
’ . magnetic poles? Think carefully.
b. What happens when you try to tilt it?

2




PROCEDURE s ey

PART C. What is the apparent path that the riorth
pole has taken through gedlogic time?

Materials. Worksheet, colored pencils {optional).
When the data are plotted on the maps, the
information is easier to read if a different color

is used for each of the six geologic periods.

Table 2 gives.the locations of the magnetic poles
_18r six periods of geologic time. These were found
by studying the paledmagnetism of the rocks

at the places listed. For example, when a study
was made on the Cofumbia River basalts of .
Washington and Oreggn, the north magnetic pole
was found to be at 86° N. 26° E. This represents
‘an average of values obtained from 911 rock
samples from 433 different places These basalits
were formed and cooled about 20 millign years
ago Thus, the latitude and longitude give

the position of the magnetic pole when the rocks
formed 20 million years a%o.

F 4
When IQnigs,rocks of similar age from other
places werthsdudied, these gave a somewnhat
different location (73° N 142° E. and 72° N.
146°W.).for the north magnetic pole. Not as many
rock samples were studied at these localities,

but each pole location represents an average of .
. many samples The three locations for the north
magnetic pole 20 million years ago, plus others
not given on the data sheet (Table 2), were plotfed
on a map The location of the north geographic
pole 20 million years ago is presumed to be
located at the midpoint position.

Plot on the Worksheet the positions of ail the
magnetic poles given on Table 2gor each of the ¢
six time periods. If you have colored pencils, use*
a different color for each age. Estimate the aver-
age position for each age from the different
locations. Mark this with an “X” on the map as
the north geographic pole for that age. Label the
age of the pole with the letter symbol which
represents the time period. y

T = Tertiary (20 million years ago}

K = Cretaceous (100 million years ago)
Tr= Triassic (200 million years ago)

C = Carboniferous (300 million years ago)
O = Ordovician (450 million years ago)

€ = Cambrian (525 million years ago)

Aftef you-have located and labeled these six
north geographic poles, connect them from oldest
to youngest to show the apparent path of polar
wandering.

L4

S R NN R I 0 e

Table 2. ’
Location of the magnetic poles based on paleo- .
magnetic studies of rocks from North America.
(Data setected from McElhinny, M.W., 1973,
Paleomagnetism and plate tectonics. Cambridge,

Cambridge University Press.) .

. . 20 mithon years ago (Upper TertiEry)

.Columbia River basaits,
Waghington and Oregbn

Nevada rocks 73°N 142°E,

Montana volcanics 72°N.  149°W,

100 million years ago (Cretaceou?
Bucks Batholith, California 58°N 165°W.
Magnet Cove, Arkansas 65°N . 173°W.
Diabase, Parry Islands 69°N 180°W.

200 million years ago (Triassic)
igneous rock, Connecticut Valfey
Sedimentary rock (Marron Fm ),

Colorado
Basalt, North Mtn , Nova Scotia

300 milhion years ago (Carboniferous)
Hopewell Group, New Brunswick  34°N
Barnett Fm , Texas 41°N.
Cumberiand Group, New Brunswick 36°N

450 million years ago (Ordovician)
Newfoundland R}

86°N. 26°E.

65°N 87°E
56°N
66°N

100°E.
113°E
/
118°E,
135°E.
125°E

28°N  168°W

525 million*years ago (Cambnian)
Ratchff Brook Fm., Maine
Wichita Granite, Oklahoma

124°E
147°E.

16°N
2°N.

.

1. Of the six ages, when
location of the north geo
Its present location?

as the hypothetical
phic pole closest to

¥

- -
2. Of the six ages, when was the hypothetical
location of the north geographic pole farthest
from i1ts present location? ’

R4

(

3. Of the six ages, which hypothetical location.
of a north geographic pole i§ most apt to be
incorrect? Why?

.
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4. In terms of what has moved, how wouldyou -
explatn the locatign of the north geographic pole
during Cambnian time? Can you think ot two

‘ or three ways for this to happen?’

e Plotted pdie positions
. L ]
O Norksheet PART C ' . : ; X Average pole positions
EMC N (_“ i ) . -’ . . A
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PART D. How do you explain the differences 1. How does the curve which you drew differ
between the polar wandermg curves? from the published curve for North America
Matenals: small plece of tracing paper (approxi- shown in Figure 37

mately 5 cm x 5 cm) for each student and a globe

or world map .

Qne strange fact about polar wandermg curves is

that they are not the same for rocks from different

continents. You would thiak, for example, that

studies made on any Cambrian rocks would locate

the north geographic pole at approximately

the same place. Everyone knows that the north -

geographic pole could only be at one place at 2. Although the curves for North America and
any given time. However, Cambrian rocks from . Europe shown on Figure 3 are gifferent, in what
North America give a pole location which is 50° - ways are they similar? - \}

away from the one for Cambrian rocks of Europe.
The values are too far apart to be explained

by known variations or by errors in the method.
Figure 3 shows the two polar wandering curves
based on rocks from North America and Europe.

i

%’ a
Cu *S-D

* North America '\€
\ N

Figure 3. North American polar wandering curve for north pole (shown with dark circles) and Europe polar .
.wandering curve (shown with dark squares) from McElhinny, M.W., 1973, Paleomagnetism and plate
tectonics, Cambridge, Cambnidge University Press. The symbols for the geologic periods (youngest to oldest)
Y are K = Cretaceous, J = Jurassic, Tr = Triassic{Tru = Upper Triassic, Tri = Lower Triassic), P= Permian, Cu =
boniferous (Upper) S-Cl = Silurian-Lower Carbomferous §-D = Silurian-Devonian, and € = Cambnan

. 37
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3. Take a piece of tracing paper and trace off b 6. What major idea does the evidence of these
either the curve for North America or the one for polar wandering curves support?
Europe. Put your tracing over the other curve -
to see if they have the same shapes. What can you
‘ conclude about the shapes?
/

4. Can you think of a way to explain why the*
north geographic poles recorded in the Cambrian
rocks of North America and western Europe are

about 50° apart?
- / ’

.
# . '

yd . T ' .

. . | SIS

r 4 -
5. Look at a globe or map and count how many
degr f longitude are between the east coast

orth America and the west coast of Europe.
.‘What 1s the approximate number of degrees?

SUMMARY QUESTIONS sersasmeemsesmmemsss

1. What are the reasons for beheving that the 2. How are the locations of the magnetic poles - e
magnetic poles have always been cloSe to the = determined from the rocks for a given geologtc

geographic poles? . period, such as the Cambrlan’?

- bl

iy
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3. If you believe that the axis of rotation of the
Earéh 1s fixed and yoy find evidence that the
north geogr'aphnc pol&appears to wander, what
is probably moving?

EXTENSION o s mmm. srovmns
Using the data below, plot the poles from western
Europe onto your map.

Period North Pole

Upper Tertiary 80°N. 157°E
Lower Tertiary 75°N 151°E

Cretaceous 86°N. 0°/<
Jurassic ) 36°N 50°

Triassic 45°N. 143°E.

Permian 45°N  160°E

Upper Carboniferous 38°N 161°E,
Sifurian-Devonian to . 17°N  161°E.
4

Lower Carboniferous
Upper Stlurian to "136°E
Lower Carboniferous

Ordovician N 176°E.

Ordovician (Ireland) 212°E
Cambrian N 167°E
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Developed by

4. When it 1s obvious that the locations of the
north geographic pole can form only one curve,
why.are the polar wandering curves of North
America and Europe located at different places?

»
’I

3
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(From McElhinny, MW., 1973, Paleomagnensm
and plate tectonics. Cambrldge, Cambridge
University Press )
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