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FOREWORD

The ERIC Clearinghouse for Science, Mathematics, and
Environmental Education is pleased to cooperate with the National
Association for Geology Teachers in producing this activity
sourcebook. We believe that this sourcebook will be of value to
earth science teachers wishing to incorporate recent developments
into their classes.

We invite your comments and suggesfions for future
publications. -

Stanley L. Helgeson 3
Associate Director

Science Education -~
ERIC/SMEAC

Patricia E. Blosser
Faculty Research Associate
Science Education
LRIC/SMEAC

This publication was prepared with funding from the National
Inptitute .f Education, U.S. Department of Education under
contract no.- 400-78-0004. The opinions expressed in this
report do not necessarily reflect the positions or policien of
NIE or U.S. Department of Education. .
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INTRODUCTION

Teachers of earth science are responsible for conveying
information from several of the most exciting and rapidly
developing fields of science. Space and .eep sea explorations
have opened up dramatically new fields of evidence over the past
two decades resulting in a revolution in the theoretical and .
conceptual structures of the disciplines of geology, oceanography
and planetary studies. Recent events such as the explosion of
Mount St. Helens have helped to create a public interest and
fascination with the field of earth science. Dramatic weather .
occurrences such as tornadoes and the severe winters experienced
by the Northeast in the latter 70's continue to focus public
attention on the study of weather and climate.

Geology has undergone a dramatic revolution in the last
fifteen years. Data being acquired worldwide has resulted in the
acceptance of a new theory accounting for the developmert of ocean
basins and continents, and events such as volcanism and earth-
quakes. The National Association of Geology Teachers (NAGT) in
responding to the challenge posed by the rapid acceptance of this
theory obtained funding from the National Science Foundation to
develop teaching materials that would assist secondary school
teachers in relating the components and ewplving nature of the
theory to their students. Over a three-year period of time the
Crustal Evolution Education Project developed 64 modules; 32 of
which have now been published by Ward's’ Natural Science Establish-
ment, Inc., P. O. Box 1712, Rochester, New.York 14603. Informa-
tion regarding the purchase of these modules can be obtained from
Ward's. They have also published, and will send free with any
order, a summary of the national evaluation program conducted of
the CEEP materials.

This book has been prepared by (NAGT) in cooperation with the
ERIC Clearinghouse for fzience, Mathematics, and Environmental
Education to briug to ¢ condary school teachers of earth science,
general science and biology, activities and information that will
assist them in keeping their curricula up to date and in
satisiying the curiosity of theilr students about an exciting and
growing field of science. A ma jor responsibility of teachers is
to present their students with thé most modern view of science and
with information that represents science's most current under-
standing of the way the world works. This book 18 a further
effort by NAGT to assist teachers in meeting that responsibility.

Aa entire chapter has been devoted to the theory of plate
tectonics. Most of the investigations in that chapter were
developed by the Crustal Evolution Education Project and published
in the Association's Journal of Geological Education.

Other activities were written expressly for this- publicati: in,
such as one on the eruption of Mt. St. Helens developed by Robert
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Christman of Western Washington University. One chapter las been
devoted to investigations based upon space and satellite imagery
to allow teachers to take advantage of this spectacular new source
of data.. Most ¢° them were developed by the National Aeronautics
g " and, Space Administratioa. Many of the activities, including two
on the uses of space imagery, were written by teachers in
workshops and have not been published pre- fously.

o

Although most of the activities have been developed recently
and represent the most modern advances in the earth sciences,
several good old standbys have been incluced tuat have been
published in a variety of sources which are no longer readily
available. In addition, several activities dealing with basic
concepts in the earth sciences but presenting them in new and
novel manners have been included.

Wa_hope that teachers will find this a valuable publication
.in their efforts to keep classes exciting and “he content modern.

* k3

Using the Activities
.

’

Most of the activities have been presented in considerable
detail. Teacher suggestions and answers to questions are often
S incluvded in italicized type. The authors have attempted to
provide all of the information necessary for the teacher to
conduct the activity. Most can be used as they appear in the
book. However, many teachers may want to simplify an activity or
merely use the information in“a class discussion,or lab. We hope
* the format facilitates their use in many different ways. .

The activities differ in difficulty and complexity to provide
for the variety of abili'ty levels of students. Many are intended
for the talented student’,ﬁho is often ignored in the development
of teaching materials. The number in parenthesis following the .
title of the activity in the table of contents indicates the
estimated difficulty level: (1) relatively easy; (2) average
difficulty; and (3) activity intended for the more able student.

!

1\ Victor J. Mayer
N December, 1980
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Matching Wits with the Weatherman

by
Robert A, Champlin

" Iutroduction

There are many factors 13t a meteorologist takes into
account before making a weather prediction. Studies show that
they make accurate forecasts at least B85% of the time, even
though it may not seem so. People only seem to notice when the
meteorologist is wrongl

You can make an accurate weather forecast more than 50
percent of the time with just two types of accurate information:
wind direction and speed and the condition of the barometer
(which measures air pressure).

In this activity you will have a chance to make weather

predictions and ° to match predictions  with the local
meteorologist,

Objectives
When you have completed this activity you should be able to:

l. Make accurate short range weather forecasts using
general descriptive terms.

2, Calculate percentages.

3. Keep a carefvl record of weather predictions and
outcomes for an extended period. ol

Mat- ials

A chart entitled WIND AND PRESSURE KEADINGS
A notebook for keeping records

Procedures

Your teacher will show you how to read the WIND AND PRESSURE
chart. Decide on a source of information to obtain data
concerning barometric pressure and wind spced and direction.
Your teacher may suggest a good source.

Another very important part of the activity is for you to
select your "favorite weather announcer” and to keep track of
his/her forecasts as well as your own. Do this for a ten-day
pe. lod. (Ten schonl days is fine.) Keep in mind that your

3 14




prediction is dependable for up to three or four hours. The
weather announcer may be making a 24 hour forecast. So, when you
are comparing your prediction with what actually happens, use
only the part of the weather aanouncer's forecast that is for
the same time period as yours.

Keep your data on a “chart or in a notebook using Lhe
following headings: Date and Time, Wind Speed and Direction,
Barometric Pressure, My Three Hour Prediction, Weather
Announcer's Three Hour Prediction, Weather for Three Hour Period.

1. How many predictions did you make accurately?

-

2. What was your percentage of accuracy? The weatherman's?

3. Write a statement about the usefulness of wind and barometer
readings in making accurate weather forecasts.

4, What information does a meteorologist have that enables
him/her to make extended forecacts (24 hours or longer)?

It is very important for the students to use rzliable
up~to-the-minute data in making their predictions.
Newspapers are not good sources. If your school does
not have a weather station, a call to the loecal tele-
vigion station or airport may be the beet alternative.
Emphasize that in comparing predictions the student's
foreecast must cover the .same time period as the
weather announcer's.

One echool in New England compared its forecasts with
those of egeveral area meteorologiste over a period of
two months, then sent the meteorologiete a 'reporc card.
grade."”
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Investigating Snow

by
Gerald H. Krockover

Snow provides an opportunity for students to observe, infer,
and measure 1its properties, It 1is readily available in many
re;ions and it sometimes.comes in huge quantities.

Objectives

After you have completed these activities, you should be ahle to:

l. Recerd observations of snow and its effects upon your

environnent. .

2. Calculate the water content of snow

2. Measure snow temberatures, PH and oxygen content,

Material&

Meter Stick (or Yard Stick)

Hach dissolved oxygen and pH test kits
Coffee Can

Plastic Sandwich Bags

Thermometers

Snow Shovel

Procedure

Locate a suitable site for students to conduct these
activities,

l. Go outside. Observe and record your observations about the
influence of snow upon plants, animals, air, and water.
Look for evidence of animal habitats in the snow.

2. Collect the 1information needed to complete Table One:
Computing the Water Content of Snow.

3. Prepare a data table and record the air temperature and the

snow temperature at 1/3 and 2/3 depth. Record the ground
temperature.

4, Determine the dissolved oxygen content and pH of some melt-
ed snow using the procedures described 1in your test kit,




5. Compact snow into a coffee can dand find out 1if compa.ted
snow contains more water arfter it has melted than snow that
has not been compacted. Place snow samples in plastic bags
for melting and for pH and dissolved oxvgen testing.

Review Quéstions \

ou obseilve aboul Liwe snow?

2. Observe the types of trees that dare most affected by
the snouw. ’

3. Observe the eifect that the snow has uﬁon a lake or stream.

b What animal habitats did you find?

5. How are animals affected by snow?

6. Und2r what conditions would we obtain different results for
the water content, pH, and dissolved oxygen readings for

snow?

/. Is snow good or bad? Why did you say one or the. other?

TABLE ONE
COMPUTING THE WATER CONTENT OF SNOW

Iustiucl.ous fur coliecting and recording water equivalents ot snow.

a. Measure snow depth in six random locations on the site. Be sure to select areas where there
is little drifting and no man-made tricks. Record the depth at each location, compute the
total and divide by the number of measurements to compute average snow depth.

Sum of measurements - Average snow
No. of measurements’ 6 depth in inches
. An Acre-Foot of Water

An atre-foot Is one acre (43560 sq ft) of water, 1 foot deep and contains 325,00% gallons of H,0
or an acre inch equals approximately 27,000 gallons of Hy0.

b. Find the water volume content of the snow per acre.
= 10 -
(average depth of snow) ~° (inches)* (No. of inches of 130)
*For our problem we will use the H,0 equivalent of snow 1:10—-1 inch of
" Hy0 equals 10 inches of snow.
c. Amount of Hy0 on site, if it all could be captured.

- 27,700 x -
(No. of inches of HZO) (H20 in 1 acre~inch) (acreuge) ** (gals. of Ha0 on site)
#%Acreage or fractions of acre information should be made available to grou,.

d. Find how many people could be supported by H,0 equivalent of snow on the site.

200 .
(Gals. of Hy0 on site) M (Avg. daily H;0 needs) (People supported)
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Clouds and Rain

Adapted from an activity developed by the
Earth Science Curriculum Project,
Investigating the Earth,

Boulder, Colorado, 1965

by
Victor J. Mayer

Introduction

You have seen many clear or cloudless days, but have you
ever stopped to wonder why the day was clear? There are no
clouds in the sky, and yet an airplane pilot flying at low
altitudes reports the air as bumpy. °~ On another day cumulus
clouds may start to form but never get very big. What are the
conditions that restrict the growth of the cumulus clouds and
sometimes prevent  their formation, even though the day may be
very warm? ’

Do you know what convection is? The smoke from a bonfire is

. carried wupward by convection. When you observe fair-weather

cumu clouds you can actually see that convection of moist air
stops at the top of the cloud. A rising bubble of heated air
will continue to-rise as long as its temperature remains warmer
than the surrounding air. If the air at higher elevations 1is
cold enough, warm air will contirue to rise until condensation
occurs and a cumulus cloud is formed. The cloud top will then
tend to grow upward even faster because condensation releases
hidden or latent heat into the rising air bubble. It may even
continue to tise until a thunderstorm is formed and rain falls
from the cloud. Why doesn't the base of the cloud keep going up
like the top--as if the cloud were a balloon?

In this activity you will examine how the humidity (the
amount of water varor in the air) can be measured by condensation
onto a cold object, and how the level where cumulus clouds form

can be calculated from the temperature and the dewpoint
temperature.

Objectives

When you have completed this activity you will be able to:
| Determine dewpoints,
2, Determine the elevation at which cumulus clouds will form.

3. Explain the circumstances that will cause moisture in air
to condense.

9 J




Materials

A small shiny metal can

Popsicle sticks, tongue depressors, or lead pencils for
stirrers

Crushed ice

Psychrometer

Dewpoint temperature chart
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1.

2.

3.

4,

6.

6.

8.

Part

Procedure

Part A. The Dewpoint Temperature.

F111 a can about half full of water, put the thermometer 1in
it, and drop in ice a little at a time. Stir gently with a
small stick or pencil to melt the 1ce and cool the water.
The temperature at which the condensation begins to form is
called the dewpoint temperature.

Read the thermometer when the dew first appears and write
down the value. -

Remove any remaining {ce and let the can warm up until the
condensation disappears.

Then add more ice a little at a time and let the can cool
slowly until the condensation reappears. Read the
temperature again. Was the temperature at which
condensation formed the same as before?

* Repeat the procedure and record the temperature again. The

highest temperature at which condensation occurs is probably
the best value for the dewpoint temperature. Why? Note:
The dewpoint temperature 18 a direct indication of the
amount of water vapor in the air; that i1s, a-gliven dewpoint
temperature corresponds to a certain number of water vapor
mc lecules present in a _given volume of alr or to a specific
vapor pressure due to water vapor molecules present.

Compare your dewpoint temperature with others in the class.
When you are satisfied that you have obtained the
representative dewpoint temperature of the room, record your
answer.

Take aApsychrometer reading both indoors and out. Convert
the psychrometer ings to dewpoint from the Dewpoint
Temperature Charc. :

How do the dewpoint temperatures irdoors and outdoors
compare? How do the dewpoint temperatures taken with
psychrometer and the dewpoint hygrometer (the shiny can)
compare? Is there a difference between the indoor dewpoint
and the outdoor dewpoint? -

B. Convective Condensation Level.

You will now attempt to calculate or predict the base height

of cunulus clouds, using the dewpoint temperature and the maximum
temperature. If the day does not look as if it will have cumulus
clouds, the teacher may give you some data from the weather watch

11




taken on a day when there were cumulus clouds. You have already
determined the outdoor dewpoint temperature. If cumulus clouds
are not expected until afternoon and you are in a morning class,
you will have to assume that the dewpoint temperature will not
change very much. Is this assumption a good one? The other bit
of information that you will need is the maximum air temperature
your area will have for the day. Again, 1. this 1s a morning
class, the maximum temperature will have to be that predicted.

1. What effect does alr convection have on the heating of the
air near the ground?

2. Why does the temperature rise rather quickly in the morning,
and then quite slowly as the maximum temperature {s
approached?

l‘

Measurements have shown that when air rises (and expands),
it cools at 10° C per kilometer. This rate of decrease 1in
temperature as the alr riees (pressure falls) 1ig§ called dry
adiabatic lapse rate. It is called dry because it does not
involve condensation, and the word adiabatic means that no heat
is gained or lost from the surroundings (that the cooling is due
only to_decrease in pressure).

3. Starting with tgday's maximum air temperature, what 1is the
temperature at 0.1 kilometer above the ground? at 0.2
kilometer?

Measurements have shown that the dewpoint temperature also
decreases in a rising air bubble. The dewpoint decreases 1.7° C
per kilometer.

4. Starting with ‘your dewpoint reading (surface reading), what
i{s the dewpoint temperature at 0.1 kilometer above the
ground surface? at 0.2 kilometer? )

Continde the calculations for each 0.1 kilometer for both
temperature and dewpoint temperature until you find the
altitude where the temperature and the dewpoint temperature
become equal. At what altitude does this occur?

.From yodr knowledge of what the dewpoint temperature
_represents, what happens at.this altitude?
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Cloud Covering and Its Effect
on Available Ipcident Solar Radiation

Adapted from. Solar Energy Project Activities
U.S. Department of Energy -
« Stock Number 061-000-00232-4
" Janpary, 1979

by
Gerald H. Krogkover

Intnoductio&
* This activity will familiarize you with the colarimeter
and the effect that cloud coveting has on the sun's radiation re-
ceived at ground level. You will observe cloud cover, make

solarimeter freadings, record the data, plot a graph and interpret,

the information obtained. ok

Objectives ‘

After you have completed this activity you should be able
tO: . .

1. QOperate a solarimeter.
2. Construct a graph from the data.

3. Draw inferences from thé data.
4, Demonstrate an understanding of the effect of cloud cov-
ering on the available incident solar radiation.

Materials

Solarimeter or photographic light meter
Graph paper and pencil

1. In order to have valid results you must take accurate data
and notes. Prepare a data sheet to include the. following:
observer's name, the location, date, general cloud covering
the time each meter reading is taken, the meter readings,
and the cloud cover between the sun and the meter at the
moment the reading is made.

2. Data from one class period will be sufficient if the clouds
are spaced so that both direct and overcast (indirect) sun-

M
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light are observed. Additional readings can be made
over *a longer period for even better results. The
solarimeter should be located away from shadows and bright
objects. It may be best to have the meter at or close to
eye level.  The solar cel' must be horicontal. The
observer should not interfere with the light.

3. Using the meter readings on the vertical scale and the time

‘ on the horizontal scale plot the data on graph paper. De-
termine the relationship between the c¢loud cover and the
pecer “eading. <~ .

Using the data collected, you should be able to find a re-
lationship between the incident radiation measured and the cloud
cover. Data may be collected over a longer period of time such
as a full day, week or more.

~

CAUTION: NEVER LOOK DIRECTLY AT THE SUN!!

Review Questions -

1

1. What is the maximum reading recorded? ’,

2; What was the cloud cover at the time of the maximum
reading? >

3. What was the lowest reading recorded?

4, What was the cloud cover:at the time of the ldwest
" reading? )
- 5. If heavy cl .uds came {n front “of the sun, why. didn't
(wouldn't’) the reading go to zero? ° |

There i indirect light from the sky. ' |

: " 6. Calculate the percentage of time the readings were 4elow
the 50% ‘level. .
e -7. Calculate one half (SO%) of the maximum reading.

8.- Calculate the percentage of time the readings were below
the 50% level.

9. In general, what is *the relat1onsﬁip between cloud cover
and the amount, of solar radiation striking your meter?

10. Do you feel that there is enough available sunlight in your
area for use in heating homes or for other solar energy >

useés? (Do you have enough data to make a good estimate?)

11: Was this type of day typical for your location?

24




:  Typical

Resultes

A3

‘I

10

10:
10:
10:
10;
10:
. 10:
10:
10:
10:

Time

00 a.m.
05
10
15
20
25
30
35

-40
246

Meter Reading

60
60
41
25
30
28
52
62
62
45

Remarks

Clear.
Claar
Cloud edge over sum
Heavy eloud over sun
Heavy eloud over sun
Heavy cloud over sun
Thin cloud over sun
Clear
Clear
Thin cloud over sun
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e, Blue Skies and Red Sunsets
. by
i o - , James A. Coe, 1975
-/ Introduction-

Y «

. The scattering effect of very small particles in the air can
be: compared with the eéffect of passing a beam of 1light through
water containing a few drops of milk.

- E e

Objectives ' .

When you have completed this activity you should be able o

1. Explain why sunsets are red whereas the sky overhead 1is
\blue., - . .
‘é} ’
'8 Explaiﬁ why space is black to astronauts traveling there.
3. Identify surfaces that reflect light and those that absord
light. . - .

Materials . .
-ater’a's

Vial Dropper - y
One ml of milk ¢ .
Access to a narrow beam’ of light - a- flashlight "with' a
B cardboard mpsk is suitable -
¢ Light meter (optional)

<

Procedure

A darkened corner of the room is best for this activity.

1. Add about eight drops of milk to the vial., Fill the vial
with water and shake 1it. ’

2. Arrange for the "beam of light to shine into the vial as in
the diagram below. The suspended particles of-milk act in
much the same way as fine particles in the atmosphere.

N
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3. What difference in color do you see when looking at the beam
from B as gcompared with A?

This color difference comes about because blue light is
scattered more readily than red. In the atmosphere, particles of
dust and water vapor, for example, cause this reflection and
scattering effect.

4, Explain why at sunset the sky overhea! appears blue, but
nearer the horizon it is orange or red.

Wnen astronauts leave the Earth's atmosphere and look inlo
space, space looks black.

5. Explain why this happens.

Depending on conditions in the atmosphere, as little as one
half of the energy entering the atmosphere may reach the Earth's
surface. A number of things may happen to this energy. Some may
be reflected.

6. What kind of surface would you expect to reflect the most
radiant energy?

The amount of light energy reflected from various surfaces
can be measured by using a light meter. This is an instrument

_ which transforms ligh. energy into electrical energy. A needle

moving across a scale compares the amount of light eatering the
meter from various sources.

7. If  there is a light meter available, use it to compare
various surfaces. The meter 1s a delicate instrument. Do
not point it directly at the Sun. In the space below record
the meter readings for light reflected from various
surfaces.

Note that podr reflectors are good -bsorbers of radiation.

Some energy may cause heating of the Earth. This effect to
some extent will depend on the type of surface.

=




8. Suggest the kinds of surfaces likely to heat most rapidly.

Some energy may be absorbed to bring about chemical changes.
Substances, whether simple or complex, are built up from atoms.
The atoms are linked or attached to each other by chemical bonds.
During a chemical change bonds are broken and different atoms may
become linked together, forming new substances. Sometimes the
energy of light - for example a pulse with a particular energy -
is sufficient to break a bond to enable new links to form.
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Motuer Ea .h's Greenhouse

by
Robert A, Christman, 1980

Introduction

Do you know what the "greenhouse effect” 1s? Do you
know that the Earth and its atmosphere can be thought of as
a huge greenhouse? Scientists are concerned that the people
of the Earth are changing the "glass” of the Earth's
greenhouse. let's see what we can learn about this
"glass.”

Objectives

Upon completion of this activity you should be able to:
1. Describe the "greenhouse effect.”
2, Tell how its effect varies with the kind of "glass.”

3. Explain how the Earth's balance of heat might be
changed.

Materials

Thermometers - one for each team
Variety of glass and plastic bottles
Baking soda

Vinegar

Matches

Beaker

Watch

Paper and Pe.. 1

Procedurg
Part A

First let's consider some important ideas related to
the greenhouse effect. Much of the energy from the sun
comes as waves. One particular group of wave lengths we
know as visible light. These vary from violet light with
shorter wave lengths to red light with longer wave lengths.
When all the wave lengths of the visible 1light spectrum
occur together, we observe white light. Waves shorter than
violet light are ultraviolet, X-rays, gamma wav2s and cosmic
waves., Waves longer than red 1light are infrared rays,
"radar” waves and radio and long electrical waves.



Much of the solar radiation which reaches earth is in
the form of visible light and shorter infrarcd rays. When
these shorter rays strike other materials, such as your
skin, the ground, and leaves, they are converted to longer
wave lengths. You recognize these as heat. Part of this
heat 1is absorbed and part 1is radiated back into the air.
Have you noticed how a sunny spot on a rug or table is
warmer than the surrounding air or even the glass of the
window pane?

Shorter rays can pass freely through glass. However,
the longer heat waves cannot pa<s as freely through the
glass. These are trapped. This 1s ore reason why the air
in a greenhouse on a sunny day becomes warmer than the air
outside. -

Another factor relates tfo the fact,ghkat the warm air in
a greenhouse cannot escape by rising, because it's ccnfined.
This factor does not apply to the earth. For this reason,
it has been suggested that a better description for the
earth is "atmospheric effect” than "greenhouse effect.”

In this activity we will find out how much heat is
trapped inside various kinds of transparent containers.
Let's see if we can discover what factors control the amount
of heat which will be trapped.

Various kinds of sealed transparent coniLainers will be
put in the sun. The change in temperature will be measured
as the long waves are trapped. What we want to find out is
how effective different kinds of materials are in trapping
the long waves. How does the shape of the container effect
the amount of heat trapped? What other factors are
important?

The conditions of the experiment must be controlled.
[f the temperature rises more in a large green bottle than
in a small clear bottle, we will not know whether this was
caused by the color of the glass or the size of the bottle.

l. What kinds of different factors do you want to measure?
What kinds of things do you need? Write your answer
here:

If enough thermom~ters are available, let the
students work in small groups. Let them design
their experiments but be sure different groups are
testing different things. You might plan the
experiment one day and give the students a day to
colleet the various kinds of containers from their
homes .
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2.

3.

The following kinde of paire of bottles might be
used:

Sigze: large vs small clear glase bottles
Color: clear ve colored glass
Matertal: plastie ve glase bottles

Thickness: thin light-weight plastie v-
thick plastie bottles

Gas content: air ve COg

Solid content: empty bottle ve ome with
material to aid comversion of rays

You may have to make eome suggestions because
students probably will not think of the C(Oy
experiment. (A method for obtaining a bottle of
COp ti8 givem at the end of thie activity.)
Remind the studente that 1in selecting the
containere that the opening must be large enough
for the thermometer. All must have caps or corks.

Prepare the bottles for the experiment by placing the
thermometers inside each bottle being used. Check that
all start out at the same temperature. This is also a
check on whether the thermometers are calibrated the
same. Put the caps or corks on the bottles.

Place the bottles in the sun and record the rise in
temperature inside the bottles at regular {ntervals.
Someone also should be measuring the change 1in
temperature of° the air outside the bottles.
Measurements should be made every ten or fifteen
minutes until the temperatures no longer change.

Thie activity works well outside in the sun light.
If dome inside witi light that has already passed
through the glass of a window pane, the increase
of temperatures ingide the bottles will be less,
by about 10-15° C. Most of the heating will take
place in the firet 30 minutes. However, the
et'dents may want to make measurements for an
hour, or more, to see what happens.

Put your data in a form which can be easily understood.
You may want to express your findings in graph form.
Show the rise in temperatures in your two bottles and
in the outside air as a function of time.
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Se Why did the temperature reach a certain level and then
go no higher? Why does the temperature inside the
bottle not continue to rise after a certain temperature
is reacned?

After a certain temperature is reached, the amount
of heat which escapes equals the amount of
accumulation. The  temperature Wwill  remain
congtant. Also if vhe experiment is done after
12:00 noon (sun time) the amount of energy from
the sun is becoming progressively less with time.

6. What did you conclude about your experiment?
Ansuers will vary depending on what each group
measured. Most bottles will show an incvease of
10-15°C.

7. By class discussion, answer the following questions:

a. What produced the greatest temperature change?

The bottle with COy should be 2-3°C hotter
than those with air.

b. What produced the least temperature chanée?
The bottle with thin plastic
Ce Did the size of the bottle make a difference?
The s8.ze does not seem to be a factor.
Temperature rose in a big bottle as fast as

it did in a small one.

d. Did it make a difference whether the glass was
clear or colored?

The color of the glass did not seem to make
much difference. In one experiment a dark
green bottle seemed to become slightly
hotier.

e. Nid the bhottle with something inside of it make a
difference in the heating?

It may make a emall difference. One bottle
with yellow paper on the side away from the
sun became slightly hotter. This might be
because the paper prevented any short waves
from passing completely through ihe bottle.
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Although the earth i not enclosed by glaee or plastie,
the COp and Hy0 in the atmosphere act a8 a glase
“ephere.” These two gases do not transmit the long wave
lengthe of heat being radiated from the earth. They act as
a "eover" to keep the heat from escaping into space.

8. What do you suppagse might happen if the amount of COy
in the atmosphere became .greater?

More of the heat would be trapped and the, earth
could become progressively hotter.

The amount of CO, in the atmosphere is known to have
increased during the last 100 years. It. is believed that
the amount of CO7 in the atmosphere 1is increasing at the
present time. Some scientists are concerned that when the
amount reaches some critical amount, the earth might become
decidedly warmer. This could cause some serious problems.
However, it is possible that other unknown factors affect
the question. For example, calculations show that the
amount of COp being produced seems to be greater than the
amount which 1i8 accumulating. Scientists are not certain
where the CO 18 going. They believe that it is being
taken up by the ocean.

9. What has the human population done to cause the

increase in the amount of fJ9 being produced on a
world-wide basis?

Burning coal, wood, and gasoline produces é02.
The population has been increasing in size during
the past 100 years and move fuel is being burmed.

Cutting dowm large areas of trees means that less
COp is being ecomverted to Oy. The elimination
of tropical areas of lush vegetation eould regult
in an inereuse in the COj.

Part B

Severil methods may be used to obtain a bottrle of
COsp. If dry ice or CO0p capsules are wused, it |is
necessary to bring the collected gas to room temperature.
If a chemical reaction is used, it is necessary to remove
the excess solids and water vapor from the boitle.

The following method of obtaining the CO7 by reaction
of acid with baking soda is recommended. This method :ls0
makes an interesting classroom activity.
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l.

2.

3.

S.

Put some baking soda in a beaker or other container.

Secure the beaker on a ring stand so that the beaker is
tipped about 45°. (See figure)

Place a collecting bottle below as if the bottle was .

going to collect whatever spills out of the beaker.

Pour acid into the beaker. Because of the odd angle,
you may want to use a funnel. The acid may be vinegar
or dilute HCl. It is not necessary to use concentrated
acid.

Observe the COj being produced by the foaming.

Explain to the class the COp i8 heavier than air. As
the beaker fille up with (0y, the invisible gas

spilla out over the lip and wowm into the colleeting -
bottle. Studente may wonder 1if thie 1ie really

happening.

34
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6.

7.

8.

?

-
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Light a match and hold it below the lip of the beaket.

If COp is flowing out, the match will go out because
of the lack of oxygen.

To tell when the collecting bottle 1s filled with

COy, lower a match into the bottle to see whether it
will go out.

As soon as you have finirhed collecting the CO,,

suspend a thermometer in the bottle and seal the bottle
with its cap.
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Bathymetric Analysis

Adapted from an activity in the
Naval Study Kit,
U.S. Oceanographic Office,
Washington, D.C., 1968

by
Robert A. Champlin

Introduction

Bathymetric data or ocean soundings tell us sométhing of the
changes in depth and configuration of the ocean bottom. Studying
the sounding,k notations on navagational charts aids us in
visualizing the outline or slope of the bottom features. By
connecting all points having the same depth by contour lines, and
by drawing these contour lines at different depth intervals, the
bottom can be pictured in graphic form. Contour lines show the
shape of underwater ridges, mountains, and valleys, as well as
their depth. Successive contour lines that are far apart on the
map indicate a gentle -slope, 'ines that are close together
indicate a steep slope, and 1i: that run together indicate. a
cliff. The manner in which contour lines express depth, form,
and gradient is shown in the figure below:

e 304 AV

o1ty w rikr

The sketch represents a submarine valley that lies between
two hills. 1In the foreground is a submarine plain. The hili on
the right 1s well rounded and has a ridge extendizg northwest.:

d




The hill on the left slopes steeply and has two peaks. On the

map, each of these features 18 represented directly beneath {its-.

position in the sketch by contour lines. .

The contour lines are labeled as shown, and somewhere on the
chart it should be stated whether the units are feet, fathoms, or
meters. - “

The- variation in 'c.lepth shown by the sounding notations
indicates the type of bathymetric feature under study. A wide
sprinkling of shallow soundings ranging in.depth could indicate
an island shelf. The close spacing of soundings having great
variation im depth usually means hilly or rough topography. If
the arrangement of these soundings 1is along a line, {1t may

indicate a ridge. A few soundings circled by other soundings of

ever-increasing depths could indicate a conelike feature. If the
cone has a narrow summit and has more than 500. fathoms of
relief, it is probably a seamount. If the summit 1is broad and
flat, it could be a tablemount. Soundings "deeper than the
average of the ocean floor may suggest a depression in the ocean
bottom. Several of these features will be found on the
bathymetric chart in this exercise.

Objectives

As a result of completing this exercise you should be able
to: .

1. Draw a reasonably accurate contour map of a portion of the
ocean floor.

2. Interpret landform features on the ocean floor from the maﬁ
you draw. .

Materials

A pencil
A chart entitled BATHYMETRIC ANALYSIS EXERCISE

©

Procedures

The enclosed chartwwas taked from a typical ~avigational
chart with sounding notations. Draw appropriate contour lines to
show the bottom topography pattern. .
. The selection of a ﬁrober contour interval for this exercise

1s the first step. Choose a contour interval that- will show the
bottom features in accordance with the amount of availabie dara.
The details of an 1rea with rumerous soundings and low relief may
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be shown by choosing a small c-~ntour interval. If detail cannot
be shown, as in areas of great relief and scattered soundings, a
large contour interval may be desirable. A combination may be
useful; that is, a small contour interval in shallow waters and a
larger interval in progressively deeper ,water (see suggested
contour interval below). Too many contours can be confusing; too
few may be misleading.

Suggested contours (in fathoms)

10 400

o 20 500
50 1000

\ 100 1500
200 2000

300 2500

€

A contour is a line connecting all points at the same
elevation and closing upon {tself. The contours of the smaller
features will close within the area of the chart. The contours
of the larger features may not close in the chart area, so do not

N

worry about their closure. .

Contouring 1s based on the assumption that there is a
constant slope between points on a surface. This {is not always
true but 1is useful for our purposes. The shape of the contour is
controlled by the sounding notations. The Jdrawing of the contour
can be done fairly accurately by approximation (the most common
method of geologists).

The approximation method requires the plotter to be skilled
in recognizing and imagining the bottom shape from the sounding
notations. While imagining the type of features described by the
soundi..x, dash in a line on a trial basis representing the path
of ~errai. essential contours, such as those at 100, 1,000, and
2,000 fathoms. " '

Once enough control points or dashes have been drawn to
outline features, sketch 'in a smooth flowing line connecting the
points or dashes. On the Bathymetric Analys{s Exercise a portion
of the 1,000-fathom contour has been drawn to assist you {in
getting started. Try to keep your lines free from wiggles or
right-angle turns. Number each contour as it is drawn to avoid
joining contours of different depths. As you draw, various
features will become visible, such as a seamount, depression,

trough, ridge, 1island shelf and slope, submarine canyon, and
reefs.,
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Ocean Currents

Adagted from an activity developed by
Project COAST, Delaware Sea Grant, 1974

_ by
Victor J. Mayer

Introduction

The existence of ocean currents has been known for many
years. Benjamin Franklin was the first American to study an
ocean current. He wondered why the mail ships took two weeks
longer than merchant ships to make the trip from England to
America. His cousin, a whaling captain, said that the merchant

captains knew of a place in the ocean where the water flowed like
a river.

Sailors have: known about ocean currents for many years.
They have steered their ships so that they could either use
currents or avoid them. These currents are surface rurrents,
caused by the wind and rotation of the earth.

The ocean currents affect the climate of the land masses
nearby. ~Their circulation patterns distribute oxygen in the
ocean waters. Ocean currents are still used by man 1in his
travels on the watet. =~ The currents may also influence the
fishing in an area when the upwelling carries nutrients to the
surface. Partly because of their importance to ocean travel and
fishing,' currents in the Atlantic Ocean have been studied more
extensively than those of other cceans.

Little 1s known about the ocean currents that flow beneath
the surface of the ocean. They are difficult to study because
they are not so easily observed as surface currents. As recently
as 1951, a new current, the Cromwell Current, was discovered in
the Pacific Ocean. This current flows from west to east along
the equator, but its presence 18 masked by an overlying surface
current flowing in the opposite lirection.

Deep currents are caused mainly by differences 1in the
density of adjacent water masses.

Objectives

At the conclusion of this activity the student will be able
to:

1. Explain why ocean currents are important to man.

;1')
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Demonstrate the effect of a temperature increase on water
density.

3. Demonstrate the effect of a salinity increase on water
density.

4, Dzmonstrate that differences in water density create
currents.

Part A

Background

It was once believed that the deeper parts of the ocean were
without 1life. This 1dea has been disproved recently by
photographs that oceanographers have taken of animals living in
these deep parts of the ocean. This indicates that there must
be some way that the oxygen-rich water necessary for life reaches
these depths. The deep ocean currents may be responsible.

Florida and Baja, California, are at the same latitude, and
the average air temperature for both places 1is about the same.
The temperatures of the water off the coast of both locations are
extremely different. Florida waters, warmed by the current:
from the equator, may reach temperatures of 30°C while the waters
off Baja, California, are cooled to near 15°C by currents coming
down from the North Pole.

Research indicates that the burning of fossil fuels should
be increasing the carbon dioxide content of the atmosphere about
0.5% per year. The actual increase is only about 0.2%., It is
presumed that the remainder of the gas is dissolved in the waters
of the oceans. The currents of the oceans determine, to _a large
extent, how much gas can be stored in the ocean water since their
movemeént is constantly agitating the surface. Wind-driven waves
also play an important role in this carbon dixoide absorption.
The waves increase the surface area and allow the water to
perform more efficiently in absorbing carbon dioxide.

The density of sea water 1is determined by two factors:
salinity and temperature. Salinity 1is the amount of dissolved
salts in the water. As-the salinity of sea water increases, its
density increases in direct proportion. As a volume of sea water
is heated, 1its density decreases; as it 1is cooled, the density
increases. We say that the density of sea water is directly
proportional to its salinity and inversely proportional to its
temperature.

In areas where the evaporation-rate is greater than the rate
of precipitation, the salinity of sea water increases as does its
density. This dense water moves downward and is re~laced by




water from below which is less dence. This increase in salinity
(and density) is due to the fact that only the water evaporates
and the salts that were dissolved in it are left behind.

Around Antarctica 1is the densest ocean water in the world.
Freezing affects both the water and the dissolved salts in it.

You may recall that a decrease in temperature causes an

accompanying increase in density. As the water freezes, its
salinity increases. This 1increased salinity increases the
density of the already dense cold water. This extremely dense
water sinks to the bottom where the water is less dense and flows
beneath it. This is called the Antarctic Bottom Current. (See
the diagram on p. 38.)

The Gulf Stream carries warm, salty water into the colder
North Atlantic around Greenland. There it cools and increases in
density. Some of it then sinks toward the ocean bottom, creating
undersea currents as it goes. This is called the North Atlantic
Deep Current.

Procedure

(See page 39 for answers to following questions.)

l. In the diagram on page 38, which current is initiated by an
increasing density due to temperaiure c.dnge?

2. Which current ic caused by ar _ncreasing density due to a
salinity increase?

3. Why does the Antarctic Bottom Current flow under the North

Atlantic Deep Current?
Lag”

4. Where is the -i:nsest ocean watzr in the world? Why is the
water in this area so dense’

5. Why do we know more about suriace ocean currents than we do
about deep ocearn currents?

6. What is the main cause of deep ocean currents?
7. Why are .e ocea. currents important to man?
8. What is salinity?

9. What factors aifert the salinity of the water?

10 Why do you think we know more about the Atlantic currents
than we do about the Pacific currents?




11.

12,

13.

.

How Joes an increase in the salinity of sea water affect its
density?

How does an increase in the temperature of sea water affect
its density?

Do you think all of the currents in the ocean have been
discovered? Why or why not?

DENSITY CURRENTS IN THE ATLANTIC OCEAN I

SOUTH .’ NORTH
90° 60* 30° o’ 30° (N 90°

’” N ——~—~—
.t ——
.Y, \\v -~ /
A\ 8
P — 4 (Y
4 I 4“<7'< BOTYOM CURRENT ' %\,- )
o r . I e e L T o YT vy : . :
l

*
. . .0.‘ .
v '\0. 0
LI . ) .
. s 0 .
AX)

R (A\ '@)@ ’\‘- ' ,( |E @ ”h




1

Answers
l. North Atlantic Deep Current
2. Antarctic Bottom Current
3. Tecause it's denser i
4, The densest ocean water 1n the world 1s found in the
Antarctic because it is the coliest and saltiest water.
5. Surface currents are more easily observed than deep
currents,
6. The main cause of deep ocean currents 1is differing densities
of adjacent masses of sea water.
7. Ocean currents affect transportation, climate, and fishing.
8. Salinity is saltiness or a measure of the amount of salts
dissolved in the water.

9. Evaporation, precipitation, and freezing affect salinity.
10. The Atlantic Ocean is more heavily travelled and smaller,
therefore it is more easily studied. 4 K
11. An fncrease in the salinity of a body of water will cause an

increase in {its density if. the temperature remains constant.
12. An increase in the te:yerature of a body of water will
decrease its density.
13. No. A large portion of the oceans has not been explored to

any great extent.



Part B

l.

2.

3.

Show that Heat Makes Water Lighter

Materials:

Procedure:

drinking glass, pill bottle, 1ink or dye,
eyedropper

F11l the glass nearly full with COLD water, then
fill the pill bottle 2/3 full with COLD water.
Using the eyedropper, add ten drops of ink to
the pill bottle. Carefully place the pill
bottle, right side up, in the glass. Because
the water in both the glass aad bottle are cold,
nothing will happen.

Now empty the pill bottle and refill it (2/3
full) with HOT water. Put ten drops eof ink in
it and as was done above, place 1it, right side
up, in the glass. When the inky water cools, it
will become heavy again and will sink to the
bottom of the glass.

Increase the Density of Water.

Materials:

Procedure:

Demonstrate

Materials:

Procedure:

drinking glass, fresh egg, salt, tablespoon

Place the egg in a drinking glass that has been
nearly filled with tap water. The egg will sink
because it is more dense than the water.

Now remove th: egg from the glass. Add two
heaping tablespoons of salt and stir until the
salt is dissolved. Put the egg into the water
again. This time the egg will float because the
salt has increased the density of the water so
that the water is now more dense than the egg.

That Density Differences Create Currents
drinking glass, ink or dye, eyedropper

Fill the glass almost full with WARM water and
let it stand until it is stjll. Now carefully
add one or two drops of ink to the surface. The
ink stays in one spot for only a short time. It
begins to move downward, making beautiful
patterns as it goes. The ink is denser than the
water and will replace the water below. This is
how the cuyrrents in the Antarctic got started.




4, -

Demonsctrate
Model Ocean.

Materials:

Procedure:

that Density Differences C(Create Currents in a

large rectangular baking dish, four aquarium
thermometers, paper cup with several small pin
holes in the bottom, masking tape, crushed {ice
(enough to fill the paper cup), vegetable dye,
bits of paper

Tape the paper cup in one corner of the baking
dish so that there 1s about one-half {nch
between the bottom of the dish and the cup.
Place the thermometers at regular intervals
along the bottom of the baking dish. Be sure
the bulbs are facing the same direction. Tape
the thermometers in place. Add enough water so
that the bottom of the paper cup is covered.
Let the ‘apparatus sit until there is no movement
in the water.

Read each thermometer and record the
temperature. This is important because we are
concerned with how much the temperature changes.
Fill the cup with 1ice and add 5-10 ml of
vegetable dye. Record the thermometer reading
at five minute intervals for’ half an hour.
Place a bit of paper on the water in the corner

opposite the {ice. In what direct@on does it

move?

If you cannot see a bottom current, gently -heat
the dish opposite the ice to increase the
curreat and make %% easier to follow. What
happens to the -bottom current when it reaches
the other side of_ the dish? Why? Which was the
last thermumeter to show ‘a temperature drop?
(The dye should show the existence of a bottom

_current; the paper should show the direction of

a surface current.)

Y
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" Density Currents

Adapted from an activity in the Preliminary
Edition of Investigating the Earth,
Earth Science Curriculum Project,
Boulder, Coiorado, 1964

by
Robert A. Champlin

Introduction

The way in which water circulates or mixes throughout the
acean has long been of interest to scientists. One of the
reasons that ocean water is able to circulate vertically is due
to differences in density.

. The density of sea water varies because of differences in
temperature and salinity .(salt content). In this activity you
will investigate - just how water of different temperature and

“salinity characteristics behaves.

Objectives >

When you have completed this activity you should be able to:

1. Make accurate statements about how density varies when
salinity is altered, when temperature is altered, and when
both salirity and temperature are altered.

2. Make reasonably accurate pgedictions about the behavior of
two different "bodies” of water which differ in salinity and
temperature when these two characteristics are known.

Materials

Ring stands
Clamps
Clear plastic tubes (approx 32" long)
Rubber stoppers
Fish tanks or clear plastic shoe boxes
Salt
Water o *
Food coloring
Ice cubes K
Test tubes

. - ‘Plastic baggies
Small buckets or beakers ;
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Procedure

Part 1

Set up the long plastic tubes up as shown in the diagram

below.

A,

B.

C.

D.

E.

F.

Pour water with a salinity of 35 parts per thousand into
the plastic tube. (Your teacher will tell you how to do
this).

Make another saltwater solution of 37 parts per thousand
(°/oo) with water of the same temperature as in the plastic
tube.

Mix some food coloring with the 37 °/oo water. Don't make
it too dark!

Pour a test tube full of colored water into the plastic tube
and observe what happens. Write down your observations.

Repeat steps A - D but this time use warm (20°C) water in
the plastic tube and pour in a test tube of cold water
(10°C). Again write down your observations.

Repeat steps A - D a third time but this time put water with
a temperature of 20°C and a salinity of 37 °/oo into the
plastic tube. This represents sea water from low latitudes.
Pour in colored water with a temperature of 10°C and 35 °/oo
salinity. This represents high latitude sea water. Again
note what happens.

Your teacher may suggest other combinations.

After you have done steps A = F answer these questions.

.

2.

3.

What 1is the effect. of salinity on the density of water?
What is vour evidence?

What is the effect of temperature on the density of water?
What {s your evidence.

Can you think of another way to further test your ideas
about these effects?

()
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The Types ofuTide‘and The Tide Curve

Adapted from an activity in the
Naval Study Kit,
U.S. Oceanographic ®ffice, -
Washington, D.C., 1968

. by
Robert A. Champlin

Introduction \
\

Nearly everyone has heard about the daily rise ‘and fall of
the tide. Tides are caused by gravitational forces of the sun
and moon. Information about the tides has always been of great
importance to navigation, especially in guiding ships in and out
of a particular area. It is essential before an amphibious-
operation can be planned where boats, men, and materials have to
be landed along some distant shore. Another way in which tidal.
information 1is used 18 in designing generating plants for
electricity by the use of tidal energy.

~

‘----

In order to. study the tides, we must take observations of
the time and amount of rise and fall of the tide each day over a
long period. These observations are usually taken autoumatically
by an instrument that rises and falls witl the tide and makes_ a
recoerding, such as the typical tide curve shown on the next page.
After a number of recordings are tollected for various places
around the world, certain characteristics of the tide can be
discovered and predictions made for the future.

There are three classifications of tides. -£9

(1) SEMIDIURNAL, which has two high waters and two low waters
each day with little or no difference between .consecutive
high or low water heights. Tides along the east coast of
the United States, for example, are of the semidiurnal type.

(2) DIURNAL, which has only one high water and one low water
each day. The tides along the Vietnam—China coast are
diurnal.

(3) MIXED, which has both diurnal and semidiurnal
characteristics. That 1s, there are two high waters and two
-low waters each day but with considerable difference between
heights of successive high waters or successive low waters;”
these differences are called DIURNAL (daily) INEQUALITIES.
The tides along the Pacific¢ coast of the United States are
mixed. :

47
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- When the moon and sun are in a straight line with the earth
(new or full moon every two weeks), they pull together and the
tides are greatest. These are SPRING TIDES that occur when the
water springs up (the term spring has nothing to do with the
season of the year).

When the moon, sun, and earth form a right angle (first and
last quarters), the pulls oppose each other and the water is
nipped or lowered; these are NEAP TIDES. The accompanying figure
shows a typical tide curve related to the phases of the moon for
an ll-day perfod; the changes in the moon's position with respect
to the sun and earth are called phases.

~
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A-graphical representation of the rise and fall of the tide

can be shown by plotting a curve from predictions of times in
hours and minutes, and heights 1in feet, for specific days.
Predictions of tides occuring in future are made mathematically
from past tide observations and from knowledge of the motions of
the earth, moon and sun in space.

Objectiues

As a result of éompleting this exercise you should be able
to:

| Plot a tidal flucuation graph.
2. Interpret a tidal flucuation graph.

Materials

- Tide prediction chart
Tide curve graph




Procedure - v

. Plot a tide curve from the tide predictions given below.
The first day has been ‘plotted on the accompanying graph.
Complete the tide curves for day 2, 3, and 4 by plotting the
times and heights and connecting all points; then try to answer

the questions.

: TIDE PREDICTIONS
DAYS . TIMEX

Hours Minutes Feet

01 15 | 1.0
1 07 . 30 4.1.
16 00 1.0

20 15 4.0

¢ 02 00 1.0
2 08 30 6.5
1 14 15 2.0,
. 21 . 00 . 5.0
3 | o8 15 0.0
116 00 7.0
04 30 1.0

4 10 00 3.0
16 00 1.0

22 . 00 2.9

*The days are divided into 24 hours
(0 to 24), midnight to midnight.
Heights are measured from the zero
reference line.

1)

2)

.3

4)

5)

6)

QUESTIONS

During what day is the
tide diurnal?

During what day is *he
tide mixed?

During what days is the
tide semidiurnal?

’

During what day is the
range largest?

What is the smallest
range and on what day?

ft. day

What is the largest
d1urna1 inequality shown?

ft. On what days?

EEE—
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EXERCISE 1 DRAWING A TIDE CURVE
SOLUTION
- DAYS >
4
' =
: 70
6%— —4~———~—;‘:.»- s
: 12100 5.0
5 E~ 4—-— - - o - —
W (
“ 4E i y
z | |
il ‘
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0= 24 24
0~ - O ——

1) The tide is diurnal on Day 3.

2) The
3) The
4) The
5) The

6) The

tide is mixed cn Day 2.
tide is semidiurnal on Day 1 and Day L.
r~~ge is largest on 93!“1:

smallest range is 1.9 feet on Day L.

largest diurnal inequality is 4.0 feet on Days 3 and L.

.
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Coastal Processes and Ercsion

y An activity developed by
Oceanic Education Activities for
. Great Lakes Schools,
. a project of Otlo Sea Grant, 1980

by
Beth A, Kennedy
and Rosanne W. Fortner

/

Introduction

The major natural forces affecting the shoreline are wind,
waves, and currents. These forces wear away and build up a
shoreline. People can modify these forceus and redirect them, but
we will never totally control them.

Wind and Waves. Waves have significant effects on shorelines.
During storms, their energy can carry beach sands lakeward, erode
cliffs and banks, and damage or carry away man-made structures.
During calm periods, waves move offshore sand onto the beaches,
building them up.

Currents. Currents--strear~ of moving water within a body of
water-- are ancther major force affecting the shorelines.
Perhaps th: mest important current causing the shoreline to
change 1s the longshore current, which is generated by waves: as
they strike the coast at an angle. A longshore current runs
parallel to the shoreline and varies in speed and direction with
the angle of waves and their energy. It often transports large
quantities of sand along the beach. This transportation is known
as iittoral drift.

If there 1s an abundant supply of sediment, as from eroding
cliffs or sediment-laden streams flowing into the lake, the
littoral drift will deposit sediment wherever 1its speed 1is
reduced. When sediment is scarce, the littoral drift will carry
sand away from the beaches, causing erosion.

Because wind and waves determine the directions and amount
of littoral drift, the overall or net sand movement in Lake Erie
is fron west to east.

Objectives

When you have completed this investigation you will be able
to:




\ 1. List the major natural forces of erosion along the lake
X ‘ shore.

2. Describe how the rate of erosion differs witii different
materials. "

3. Explain the purposes of the three major categories of
shoreline protection devices.

Materials

Three rectangular plastic pans or plastic shoes boxes

One piece of board (2x4 or plank) as long as the width of
the pans . v

Sand

Soil

Several broken pieces of rock

Rules

3x5 note card cut in three long strips

. Pencil for recording data

Procedure
Part A. What Causes The Shoreline To Erode Away?

I. In the end of one of the plastic pans place three handfuls
of wet sand.

A

2. Using a plece of board, mash the sand up against the end of
the pan and flatten the top. Make this "beach bluff"” about
as wide as it {s high.

Lake .
(3cm deep) Beach bluff

Plastic pan

Figure 1. Shoreline Model

3. Repeat steps | and 2 with a second pan, buiiding a beach
bluff made of wet soil.

4, In one end of the third pan make a stack of rock pleces that

vill represent a rocky shoreline about the same size as the
other bluffs.,

You should now have three "beach bluffs" of various rypes
and sizes of material. The three pans represent lakes,
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5.

8.

9.

Hold thz piece of board up against the sand bluf to protect
it while you slowly add water to the empty end z° the pan.
Create a lake about 1-1.5 cm deep. Remove the board gently

when the lake water is still.

Repeat Step 5 toc create lakes in front of the soil and rock
bluffs.

Gentlv place a strip of note card flat on top of each bluff,

You are now ready to act as the wind, making waves and
causing erosion on the shoreline. Using a ruler or the
plece of board, make waves that move toward the beach bluff
from the opposite end of the lake. Start gently, counting
the number of waves you produce. Then gradually increase
the strength of your waves as if the wind were becoming
stronger. Record what happens to the beach bluffs as you
repeat this process in each lake.

When the section of note card slips toward the water, your
bluff has collapied. If collapse has not occurred after 60
waves, stop and record your observations of the bluff's
condition.

NOTE: To measvre the height of the waves, find the distance

from the top (crest) of the wave to the lowest part (trough) of
the wave. Do not measure from the bottom of the "lake" basin
unless the bottom is actually exposed as the wave passes by.

l.

2.

3.

Which beach bluff is the least stable (collapsed first)?

Which beach bluff 1is the most stable (withstood the most
waves)?

Some beach bluffs on Lake Erie's shore are actually made of
sand and some f clay similar to the soil bluff you
constructed. The rocky bluffs of the lake shore may be of
limestone or a soft shale,

What type of beach bluff would you pick if you were building
a cottage on the shoreline? Why?

'
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Below is a map of Lake Erie's ghoreline. Based on what you
have discovered about how different materials erode,

a. Put X's on the sections of shoreline that are probably
made of rock.

b. Put O's on the sections of shoreline that are probably
made of sandy material.

(You do not have to cover the shoreline with either X's or
O's. The shape of the shore may not give you any clues
about the type of material it has.)

Lake Erie

Some points of land sticking out into the lake may be made
of sand. What process is probably responsible for carrying
the sand and depositing it there? (Re-read the introduction
to Part A.) £

How could you tell from their appearance which points of
land might be sandy instead of rocky?

Iy
A

Erosion of coastal areas, as you have seen, occurs at
different rates depending upon the material making up the
shoreline. The same processes act upon the ocean as upon large
lakes. Some of the coast of England, for example, has been worn
back more than 3 km since the timc of the Romans. The shore of




N -

Cape Cod retreats at the rate of 25 to 150 cm each year. These
coasts are composed of relatively weak material, but the same
process takes place more slowly iu the hardest rock.

Part B. Can Erosion Be Stoppedf
The shores of the Great Lakes are subject to the attack of

winds, waves, longshore currents, i{ce, and floating debris.
Winds having an average velocity of more than 40 km per hour and

-lasting from 6 to 10 hours are capable of creating waves from 2

to 3 m high on many portions of the Great Lakes. Some shoreline
areas suffer damage from smaller waves as well as from the larger
ones. )

The possibilities for erosion along ocean shorelines are
even greater. For instamce, at Minot's Ledge 1in Massachusetts,
waves from severe storms destroyed a lighthouse several times
during its construction. In 1951, when the 1light was finally
completed, waves brought the entire structure crumpling into the
sea, killing its two keepers and leaving little evidence that the
light had ever been there. @

About 83 percent of Lake Erie's erodible shorelinz is
privately owned. Therefore, land owners must protect their
shorelines. Methods of erosion prevention involve attempts to
keep the force of the waves away from the bluffs. By chance,
nature protects shorelines by building sand beaches where the
waves can break and use up their energy before reaching the
bluffs., People can construct devices which duplicate the
effectiveness of natural sand beaches.

Erosion cannot be permanently stopped, but construction of
the proper devices can slow erosion down. What are the devices
available to the homeowner and to coastal communities in general?

Materials

Same as Part A, plus a section nf.2 x 4 board equal to half
the width of the lake pan.

Procedure

1. A description of each of t'.e three major methods of shore
protection follows. After reading each description,
carefully examine the diagrams on page 50. Label each
diagram by letter (A, B, C) accnrding to the method of shore
protection which each one shows.

(A) One method of shore protection involves the use of
concrete, wood or steel structures built directly against




and parallel to the shore. These structures are designed to
help keep currents and waves from reaching the erodible
shoreline. Some of these structures also serve as docking
facilities.

(B) A second method of beach protection is the construction
of a device perpendicular to the shore and connected to it.
This device traps the sand moving with the littoral drift.
A beach is formed, which 1is excellent protection against
shore erosion. i

(C). The third method of shore protection is an offshore
atructure. It usually consists of fairly large stones which
are piled away from but parallel to the coastline. The wall
of stone reduces wave attack on the shoreline much as a
natural sand bar .would. )

Now you can test the effectiveness of some of these
shoraline protection devices:

A. Rebuild the sand bluff at one end of the lake.

B. Put a short sectién of 2 x 4 firmly up against the
biuff to act as a seawall.

C. Repeat the wave-making activity as before. Record the
condition of tte bluff after 5 waves and again after 10
waves . ’

D. Repeat step A above. This time place }he short 2 x 4
in the center of the basin to form a breakwater about 5
cm from the,sandy bluff.

E. Make some waves again, and record what happens to the
bluff after 5 waves and after 10 waves.

As you may have observed, the water within your
reconstructed sand bluff may have weakened it before wave
erosion began. Groundwater and surface streams do the same
thing on real lake shores. For this reason, trees, grasses,
and shrubs are sometimes planted to go along with some other
shore protection device. The 1life processes of plants
remove ground water, the -roots hold soil in place, and beach
grasses trap sediment to actually help build the beach.

In recent years there has been growing concern about the
uncontrolled construction of shore protection devices such
as groins, seawalls, revetments, and bulkheads. Many people
interested in maintaining and improving the environment are
concerned about the placement of multiple bulkheads along
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stretches of shoreline. Evidence strongly indicates that
groins speed up erosion in nearby areas and that bulkheads
cause shore loss and water turbidity. Some argue, "What
harm does a single 50-foot or 100-foot bulkhead do to the
environment?” There a2re many miles of bulkheads, seawalls,

and other protective devices added to our shoreline everys

year. What is the long-term and the cumulative effect of

these structures? 2

Review Questions

1.

2.

3.

5.

List the natural forces which cause erosion along the Lake
Erie coastline,

What types of shore materials erode faster? Slower?

ﬁriefly describe the three ma jor methodsabr categories of
shoreline protection devices,

If you had a beach cottage, which type of device would you

build to protect your section of shoreline? Explain your
choice. .

Would it be advisable to construct shore protection devices
along all sections of Lake Erie's shoreline? Explain,

3
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Microfossils and Ancient Ocean Tempg%atures

by
Keith M.'Schlarb, 1979

Y

Introduction

You may have collected remains of ancient organisms which
left their imprint or shell, or bone, in rocks. These remains are
called fossils. Fossils can be used to determine the age of rock
layers, the kind of organisms that lived and what the environment
was like while they lived. During this activity you wili be using
fossils to determine the temperature of ocean water near
Antarctica. The fossils used by scientists for such study are

called microfossils because of their small size.

Objectives

At the end of the activity you should be able to:

1. Describe how microfossils can be used to determine wacer
temperature.

2. Explain how the climate of Antarctica has changed.

3. Discuss how microfossils may indicate periods of time when
gleciers occurred in Antarctica.

Materials

Samples of microfossils can be obtained from a scientific
supply house such as Wards Scientific, Inc. Rochester, New
York.

Binocular microscopes.

Part A

Procedure

Examine the samples of microfossils which have been set up
under the microscopes. T

l. Make a sketch of one of the microfossils. Indicate how much
the fossil is magnified.

Single-celled plants and animals live in water that 1s close to

the surface, when they die their shells drift to the bottom.




Microfossils are found 1in the sediments of the ocean bottom.
Certain micro-organisms lived in warmer water while others lived
in cool water.

2, Fossil W live! in warm water while Fossil C lived in cool -
water., You have just collected a sample of sea sediment and
upon examination find that 60% of the microfossils are Fossil
W and only 10% are Fossil C. Does this sample represent
warmer or cooler water?

Another sediment sample from a different location has 25% of
Fossil W and 75% of Fossil C, does this represent warmer or
cooler water?

By using long drills scientists can drill down into the ocean
bottom and collect long _columns of sedimernt. The top of Figure 1
is the ocean bottom. The numbers on the left indicate the depth
into the sediment. The wavey lines show the percent(%) of warm
and cool water fossils found at different depths of sediments 1in
the ocean around Antarctica. !

4. From Figure 1 determine the percentages of warm and cool water
fossils at various depths and record in TABLE I.

v

Q
TABLE 1

Sediment Sediment Age % Warm % CoqQl Water Temperature
Depth Million Years  Fossils Fcssils (warm or cool)
Ago » :

-

0 present csesecsssss
20 1 seesessenen
5 2
60 3 teessesases
100 . secesssanss
125 tessessanse "
160

180 sessessesnn
5. Complete TABLE 1 by determining if the percentage of

microfossils present represents warm or cool water. Record in
TABLE I.
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6. At.the present time water temperature {is .

~

7. How often\during the past 9 million years has the‘éater

temperdture been warmer than at present?
%

8. What information would you use to determine when the warmest

temperatures occurred?
-

9. How many millions of years ago did the\warmest temperature

occur? '

Part B

You have seen how the proportion of different microfossils
found 1in sediment can be used to determine if the water

. temperature was warmer or cooler in the past. This information,

however, is ‘not very significant since we don't know what
temperatures represent warm or cool water. Scientists have
determined water temperature by comparing the number of two
microfossils. Below are illustrations of these two, mpicrofossils.

Distephanus Dictyocha

You are going to determine the ancient water temperature of_ the
Antarctic area much the same as scientists who-did the original
work. - *

First you must determine the ratio between the two
microfossils for each sediment sample. Figure 2 on the next page
represents the microfossils found 1in eight’ different sediment
samples. .

l. Count/the number of each microfossil f$r each sediment sample
and enter the information in TABLE 2.

P

"2, Now determine the ratio for each sample. Divide the number in

column A by the number in column B.
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TABLE 2

SAMPLE #

No.

Dictyocha

A B
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Temp. °C
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Using the graph peliow, deterwine the water temperature from
the ratios you've just determined.

TABLE 2.

SIUCOFLAGELLATE PALEOTEMPERATURF CURVE

present

Record the temperature in

-
v

H

E
PR
«

|4

3 8-

i ! iv ;

U S U Y S,

[

e m et e e e e e e = e - .
) i 1 |
i ' f ) !
| 4 | ! |
) t ) 1
-- . . .o . e e e
| ' |
i f ; : | |
! !
‘ ‘ | |
‘ ! ' 1 !
v, U v 1
g - —— = b e N —— e e
’ | T |
i .
| ‘ '
| l | s
L1 ! et by ) 11 ! L 41131 1 11
to. [N IS RN > Lo S ™
SURFAIE “CTUSNT L Cr A tTEPw Ra* )

66




-

I - O R

-

.
/
'

4.

10,

11.

MmyCH>»xmd I m3

Using the temperature and ages Irom TABLE 2, complete the graph
below. Connect the points with straight lines. DO NOT DRAW A
BEST FIT LINE.

10
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4 AGE MILLIONS OF YEARS AGO
What is the presént temperature of Antarctic water?
what 1s the present environment of Antarctic like?

What may happen to the size of the glaciers of Antarctica if the
climate becomég cooler? 1If it becomes warmer?

Using Graph above, how many millions of years ago would the
glaciers of Antarctica have been about the same size as they
are now? . )

How many millions of years ago might the glaciers have been slightly
smatler than now?

Du~ing what periods were the glaciers of Antarctica probablv very
small or non-existent?

What might the disappearance of glaciers from Antarctica do to sea
level? Explain.
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12, What value might knowing the ancient ocean temperatures of
Antarctica have for us today?

\

Summary Questions

l. Explain how microfossils can be used to determine past ocean
temperature.

2. What has the temperature of Antarctica been like in the past?
&

3. How might the microfossils indicate the time period during
which glaciers were present in Antarctica?

7
b~
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Exploring 0ld Cemeteries

‘Jdapted from the author's activity in
Scignce Activities, Vol. 3, No. 4,
May, 1970, pp.40-41

by
Thomas J. Rillo

Introduction

Historical events seem to come alive when viewed first-hand
on the face of a sandstone, limestone, or granite tombstone.
Heightened vitality can result when teachcr and class take to the
field to explore an old cemetery.

Objectives

After you have completed these activities, you should be -
able to:

1. Observe témbstones and identify trends.

2. Prepare a tombstone rubbing.

3. Infer relationships among tombstones in a cemetery,

4, Identify the rock material making up various tombstones;

5. Observe differences in weathering related to climate and
rock type.

Procedure

Obtain pern sion before taking your clase on a cemetery
vieit. When visiting a cemetery precautions must be taken
80 thattembstones and grave sites are not disturbed and
that respect ig shown at all times.

2

Tombstone rubbings can be obtained by using crayons, masking
tape, a brush, and heavy paper. Select a tombstone that you wish
to use for the rubbing. Carefully clean off the stone with the
brush and tape the paper on the toumbstone. Carefully rub the
crayon over the paper to reproduce the inscription or epitaph on

.the paper. When finished carefully remove the tape and paper.

Make sure that the area around the grave is cleaned up before
leaving.




Find the oldest tombstone and the youngest. Answer each of
the following questions for both. What material is it made
of? Where is it located in the cemetery? How old was the
individual who died? 1Is there a footstone? How far is the
footstone from the headstone? What kind of vegetation is
growing on or near the grave? Are there any trees growing
adjacent to or on the grave? How old are the trees?

2. When was the graveyard abandoned? How old is the biggest
tree prowing adjacent to a tombstone or on the grave? Vhat
is the date of the latest burial plot?

3, What is the condition of the soil? On the oldest grave? On
the youngest grave?

4, Measure the depth of the 1inscriptions oa the oldest
tombstone. On the youngest tombstone.

5, 1s there evidence of a predominance of a single family?

6. What is the average age of death in ten-year intervals? For
men? For women? For children?

7. Do the desigus and shapes of the tombstones change through
the years? If so, how?

8. Are there any graves that do not have tombstones? How can
you tell it is a grave?

9, Can the tombstone and its general appearance relate what the
standard of living was for the particular family or era?

9
10. Did the women live longer than the men? Was this true for

one particular era?
11, 1Is there evidence of an epidemic? What kind of evidence?

12. Are there any unusual epitaphs on the tombstones? Lf so,
why are they unusual?

13. What types of rock have been used for tombstones?

4. Do tombstones made with certain rocks withstand weathering
better than those made with another rock? How can you tell?

15. Does one side of a tombstone weather more than another?
What could cause this?




|
|
)
|
|
|
|
'_
;
|
|
|
|
|
|
|
I

Rocks from Layered Sediments

by
James A. Coe, 1975

Objectives

When you have completed this activity you will be able to:

1. Describe similarities between certain sediments and certain
rocks.

2. Explain two processes that change sediments to rocks. =

Materials
Clay, sand, and pebbles .

Shale, sandstone, and c.nglomerate

Petroleum jelly

A piece of plastic tube ten cm long and two cm wide
A round wood dowel ten cm long that fits in the tube
A square wood base to stand the tube on

A hand lens

A wooden mallet

Plaster of Paris

100 mL beaker

Plastic wrap

Procedures

1. Examine the rocks aad the sediments with the hand 1lens.
What cimilarities dc you see between the sediments and t. :
rocks?

2. Rub a thin layer of the petroleum jelly around the inside of
the tube. Stand the tube on the wood base and fill the tuhe
to a height of about four cm with sand. Place the wood
dowel in the tube and holding the tube firmly on the wood
hbase, use the mallet to compress the sand. When you feel
the sand is compressed as much as it can be, lift the tube
gently and push the sand core onto a sheet of paper.

3. Using the hand lens examine .1 sand core. Does it look

like the sandstone? This 1is one way sandstone is formed.
This is called compaction and in nature is due to the weight
of the other materials on top. Now let us find out what
happens if we put sand and clay together.

3
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4, Dampen the sand with a small amount of water and mix it with
the clay. Stand the tube on the wood base and fill it with
the mixture of sand and clay. Insert the wood dowel and tap
it with the mallet. When you think it is compressed euough
push the core out on a piece of paper as in Step 2.

5. Using the hand lens, examine the core and describe it.

6. Smear the inside of the tube with some petroleum jelly and
stand it up on the wood base. Mix two teaspoons dry sand and
one teaspoon plaster of Paris in the beaker. Adding a few
drops of water at a time, stir the mixture until it is
dough-like. Quickly put mixture. into the tube and insert the
dowel. Tap the mixture gently and let it stand about five
minutes. When the five minutes are up, gently push the core
out onto the plastic wrap. Let it dry for about fifteen
minutes and then examine it. Descrite what you see. This is
ca!led cementation. The plaster of Paris acts as a cement
to stick grains together.

7. What is the name of the rock you have made?

8. Repeat the experiment you did in Step 6, except this time
instead of two teaspoons of sand use one teaspoon of sand,
1/4 teaspoon of clay, and 3/4 teaspoon of pebbles. Do
everything else as you did before. Examine this "rock”
specimen and describe it.

9. What is the name of the rock you have made? ‘

10. What are the two processes that change sediments to rocks?

.

.
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Panning tor Goli

by
James A. Coe, 1975

Objectives

When you have completed this activity you will be able to:

<

I. Explain how materials differ in density.

2. Describe how the different densities of minerals can be used
to concentrate a particular mineral.

Se Determine the source of a mineral found in a placer
deposit.

Materials
An aluminum pie plate or shallow dish

A mixture consisting of sand and gravel with some iron pyrite
(fool's gold) ’

Procedure -
Part A

In this activity you are going to try to recover fool's gold
by using the methods used by the prospectord during the
Califorrnia gold rush. This technique is called panning.

1. Place the sand and gravel mixture in the pie plate and fill
it with water.

. 5
2.  Gently agitate the contents of the pan by slowly swirling it A
with both hands.

3. When and if the water becomes cloudy, ge .tly and carefully f
tip the pan and all.w the water to run off.

4, Pick out any large stones.

5. Fill the pan with water again and swirl it as you did above,
except now tilt It forward slightly so that the water and
sand slowly flow over the edge. Continue to do this until
most of the sand has been removed. Give the pan’a quick
swirl so that the material remaining. in the pan 1is spread
out on the bottom of the pan.




6. Pick out any of the gold specks you see. Keep doing this
until you think you have removed all the gold. '

I\ Why was the fool's gold left behind in .the pan and not
r1ashed out with the sand and gravel?

Part B

‘Many metallic minerals (minerals which contain valuable
metals such as gold, silver, and lead) are heavier than sand,
gravel, and clays as you found out in Part A, Where do these
‘m}nerals come from? See if you can figure it out from this stream
problem. ] P

¢ .
The diagram represents a stream systeme A prospector found
some valuable metallic minerals at point A on the main stream.
Such a deposit is called a placer deposit. He decided he would
try to find out where they came from. He started moving upstream
panning at various spots to see what was there. lle pananed at
point B but found no valuable minerals. At point C he again found
nothing. At point D he found the valuable minerals again. At E
and F he found the minerals but did not find them at G or H,

l. From which point were the minerals coming?
2, How do they get into the stream?

3. How did they get to point A?
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Classifying Fudge and Rocks

This activity has been adapted from the"“
author's article which appeared in
Te cher, March, 1980, v. 97, p 68-69.

by

. Maurice L. Schwartz

In this activity you will begin by making some candy. Can
you guess how making candy can be related to geology? If you
cannot, you will have to do the exercise to find out. We do not
want to give the answer away and spoil your fun of making candy.

Objéhtives

Upen completion of this act%Qity you should be able to:
1. Describe how the different kinds of canay were made.
2. Tell why the candy was different.

3. Expiain how the ideas learned from making candy may be used
to understand some rocks.

Materials

Four teams are needed for this activity‘/>Eight or twelve
teams might be formed if enough equipment is available so that
all the items listed below can be doubled or tripled. As a
minimum, four teams will need the following:

4 Electric hot-plates

4 Small sauce pans or cooking glassware, 4 cup or 600 mL in
size

4 Measuring cups

4 Stirring rods

4 Hot-pads or gloves

2 Aluminum pie tins

2 Basins half filled with crushed ice or ice cubes (The
basin must ‘be large enough to hold one pie tin.)

4 Teaspoons

2 Lbs. of granulated sugar

Vanilla extract (small bottle)

Powered cocoa (small box)

Table salt (small amount)

4 set of rocks prepared by your teacher

Each get of rocks should contain four gpecimens. These
are gabbro, basalt, granite and rhyolite (or felsite).

\ 727 ‘
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You may have to borrow these from the science
department of a near-by high school.

Procedure ) l

Part A

This activity begins by making some simple candy. Each team
will make one batch. Follow this procedure:

Step 1 Measure 1/2 cup (75 mL) of water into the large
container.

Bring the water to a boil on the hot-plate.

to

Step

Step 3 Slowly add 2 cups (300 mL) of sugar, mixing gently with
the stirring rod.

Step 4 Add one teaspoon of vanilla extract.

Step 5 Add a pinbh of salt.

Step 6 Cook the candy, heating the mixture to a slow boil. Stir
constantly and be careful that the mixture does not boil
over.

vanilla-flavored or chocolate-flavored candy. What do you
think would be best? Why?

It is mecessary, for the success of this activity, that
half of the teams decide to make vanilla and half
) decide to make chocolate candy. From experience, this
18 the usual decision made by the students. However, N
g you may have to use your influsice\ to insure this
distribution. The reasoning, and the answer to the
i question of "Why?" is that in any experiment with two
ehoices, koth methods are employed equally so that the
results can be compared.

Step 7 The teams making chocolate candy should add three
teaspoons of cocoa to their mixture and stir gently.

2. How do you decide when the candy has cooked long enough?

'

Someone may know that a drop of syrup is dropped into a
glass of water. When the drop remains a lump instead
of being stringy, the candy is cooked.

3. In this experiment, do you think that the candy should be
cooled slowly or quickly? >

TN §
/

4 |

1, While the candy 1is cooking, let's decide whether to make l
!

51y
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Again, it 'i8 necessary, for the success of the
activity, that at-lea&t one bateh of .chocolate and ong

. vatch of vanilla -candy be cooled slowly and that one
batch each be cooled-quickly. The decision is usually -
reached by the students. If not, talk about the nature
of an experiment to influence a change 1in their .
decision. P ; .

Step 8 For the candy to be cooled slowly, turn off the f
hot-plate and let the candy sit quietly. "
For the candy to be cooled quickly, pour the mixture into
2 pie tin and place the tin on the hgd of ice in . the
- basin. .
. ( - -
Step 9 Plan to continue this ahtivity later. in the day or ‘the
" ' ° next day. The" candy should not be~digturbed until a 1
batches have reachéd room temperature&ﬁ/}t is essential
to avoid moving or shaking the ‘candy ddring the cooling .
process. This means no tasting, yet. .

. i

Part B
~ “ «'% - .
When all the batches of tandy have cooled to ‘room
temperature, place them on, the table so everyone may observe
their appearance. " .
1. How would you describe the texture of the d}fferént batches ¥
of candy? ’ o

t The studente should note the ecandy cooled quickly ini"
the pie tins has a fine texture. They may describe ite
appearance as "sugary," "eandy" or ‘"speckled.” The .
candy which cooled slowly in the begkers may be "
, described as "lumpy, " "chunky" or "bic pieces.”

oL

* 2. What do you think.catised the differences in the textures?
Did the cocoa make the chocolate candy lumpy? ’ .
- -
Studente should reach the conclusion that fast cooling -y
produced emall graimw gizes and that slow cooling
produced larger~gwains or crystale. The cocoa had )
nothing to do with the grain size becayse the uvanilla
candy which cooled elowly is also lumpy. .

3. Ho& many.diﬁfefent kinds qf candy have been made?

Four kinds: sandy vgnilla, ' lumpy vanilla, sandy
chocolate and lumpy chocolate.:

4, If you were goifig to open a candy store, could you invent




I
some descriptive names to help sell your candy? Place your
names in the chart below:

Texture ~ Cooling Rate
' Compositio , Fast Stow
i Vanilla
o
(=¥ 2
" -8
’ [+¥]
3 ol
- Chocolate

Urge your students to create some imaginative names
which emphasize the composition and the texture. Some
names which have been suggested might appear on the
chart as follows:

He "1217 Chiiver:
Jrear : iec :
. Cana;e Zancy
X
‘ Srootn 1 Roeky
y M dnight Road
Fuzge Fuzze

After you have completed your chart, ask your teacher if you ot
can cat the candy. Does it taste ac good as implied by your
names? -

The answer i8 probably "No." If you try to improve the
quality of the candy by uszr'g a regular fudge recwe, _ !
the dszerenif/zn texture i8 lost. >

Part C '

A small collection of igneous rocks will be distributed by T
your teacher. These rocks were formed by cooling from hot’ molten
liquid. : 2 ;

l. How could you arrange the rocks into two groups?

Some students will pair off the two light-colored rocks
and the two dark-colored rocks. Others may pair off
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the two -andy (fine-textured rocke! from the twe
coarge-textured rocks.

2, What is the basis of your classification?
If the groups are based on culor, the sgtudents should
realise that they are basing their classification on
compogition. If the groups are based on texture, the
students sehould realize that they are basing thei:
classification on the cooling history (origin) of t'e
rocks . :
. Geologists have given your rocks the following names:
Granite = <coarse-grained igneous rock composed of
light-colored minerals
Gabbro = coarse—grained igneous rock composed of dark-color
minerals
Rhyolite = fine-grained igneous 1ock comaposed of
light-colored minerals
Basalt = fine-grains ° igneous rock composed of dark-colored
minerals
3. Can you make a classification chart for these rocks?

Complecc the chart below:

81 ¢ ~
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Answer:
- exture Cooling Rate
Color Fine-grained Coarse-grained
Light-
S| colored Rhyolite. Granite
:3 Minerals
8 4
O
% Dark
C | colored Basalt Gabbro
Minerals

.

Review Questions

L.

2.

3.

5.

How did the rate of cooling affect the texture of the candy?
How did the compcsition affect the texture of the candy?

How do you think the rate of cooling affects the composition

of igneous rocks?

How do you think the rate of cooling affects the texture of

4gneous rocks?

What was the basis for classifying the four kinds of igneous

rocks?

54
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Aruitoxt provided by Eic:

ERIC

The Tce Age Puzzle

Adapted from an activity in
Earth Science Curriculum Project,
Investigating the Earth,
Boulder, Colcrado, 1965

by
Victor J. Mayer

Imagine a giant grinder made of ice several thousand f2et
thick churning slowly over the earth. Plucking, scrapirg, and
grindi g along. Huge sheets of continental ice and the omaller
valley glaciers completely changed the landscape thev traversed.
Tne landscape of half the world has been modified by the last
great glactal advance.

Perhaps you do not live in an area that has been giaciated.

Nevertheless, the nethods of interpretation and gathering data.

used to work out the history of a glaciated area also apply to
places where other kinds of erosional agents have been dominant.

This investigation concerns an area that was formerly
covered by part of a continental ice sheet. In this
investigation you will learn how to work out a past sequence of
evenls by using information obtained by ohservation,

Ohjectives

When you have completed this activity you will be able to:

1. Develop a profile and cross section from a map.
2. Interpret features that are of glacial origin.

3. Determine the directicn in which a4 gldacier moved.
Materials

Colored pencils
Graph paper
Ruler

Procedure

Figure | is a map of a gla-iated area. HNote the scale of
the map and the principal physical features of the 1land.
Scattered across the map are Xs indicating the high pnints on the
lindscape and their elevations. Several of these points are
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Figure 1 Map of a hypothetical glaciated area.

numbered. For numbered localities additional information is
given in the ac_ow.any ng data table. The pnints represent road
cuts, stream banks, or drill holes where we .an get a glimpse of
the structure beneath tne surface.

1. Draw a straight line connecting numberea localities (one
through eight) on the map.

2. In the middle of a sheet ot graph paper, draw a stiaight

horizontal line slightly longer than the line connecting the
numbt :d localities on the map. This {s the iine along
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10.

1L

12.

3.

which you will draw a protile. The map of this strip of
land is a plane view nilar to what you would see from an
airplane. On the grap'. paper you will be making a cross
section (a side view cf what occurs below the surface).

Let the horizontal 1line on the graph paper represent an
elevation of 700 feet. Place points along the line which
correspond to the correct relative positions of the numbered
localities (one through eight).

Through these points draw light vertical lines. Using a
scaie of one centimeter = 25 feet, plot the elevation of
each loc~lity on its own line and then connect the elevation
points. You now have a profile of the surfacco--an outline
showing the shape of the land along this strip. -

At each locality make a column abovi six millimeters wide
beginning at the ground surface ari extending downwird. On
this ,column plot the information from the dota table for
each locality. Use a color sc.heme or abbreviations for the
rock and soil types. Be suve to include a legend so others
will understand your drawin.

Note that there are two kinds of till distinguished by their
color. Which till layer is aoparently older? What is the
evidence that a considerable arount of time elapsed between
cdeposition of the two lavers?

Recalling what you have learned about glaciers, what
sequence of events would explain this?

At localities 5, 6, 7, and 8 th: bedrock has been- scarved by
grooves. What probably produced these grooves? On the map,
plot an arrow showing the direction of the grooves at the
localities where they have been found.

Referring to your profile, with which ¢till are the
scuth=-trendirg grecoves associated?

How do you explain the absence of south-trending grooves at
localities 7 and 8?

Notice the lakes on the map. How dc you interpret the fact
that they are lined up in a northwest-southeast-trending

belt or zone?

With which till does this pattern of lakes appear to be
assoclated?

South of the lakes are two marshes. How do these marshes

85
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fit into your interpretation of the sequence of events in
this area?
-
14, Summarize the interpretations you have made in connection
with the foregoing questions into a logical history of the
glacial activity in this area.

Table of Rock Descriptions From Surface Downward

Location 1. Elevation 750 feet; MINE SHAFT
weathered gray outwdsh (5 feet thick)
unweathered gray outwash {5 feet thick)
weathered reddish outwash {20 feet thick)
bedrock

Location 2. Flevation 740 feet; STREAM BANK
weathered gray outwash (5 feet thick)
unweathered gray outwash (5 feet thick)
weathered reddish outwash (2] feet thick)
bedrock (7 feet exposed)

Location 3. Flevation 765 feet; TEST BORING FOR A BUILDING
weathered gray outwash (5 feet)
unweathered gray outwash (10 feet thick)
weathered reddish till {12 feet thick)
unwedthered reddish outwash (5 feet thick)
bedrock

Location 4, Elevaticn 810 feet; TEST BORING FOR MOTEL
weathered gray till (10 feet thick)
unweatherad gray till (50 feet thick)
weathered red till (20 feet thick)
unwedathered red till (5 feet thick)
bedrock

y
\

locatinn 5., ¥Flevation 818 f.eet; ROAD CUT
weathered gray till (6 fect thick)
unweathered gray till (50 feet thick)
snil (2 feet thick)
weathered red till (20 feet thick)
unweathered red till (3 feet thick)

P2y e ven azeswm b oo P - ey . Y
hedrock; grosves on surf4ace are aurih Lo soulh

Location 6. FElevition 830 feet; SAND BANK

; weithered pray tillt (10 feet thick)
unwedthered griay tiltl (65 feet thilk)
Jerthered o4 i1l (20 feet thick)
unweathered red till (3 feet thick)
hedrocik with grooves trending south
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Location 7. Elevation 795 feet; STREAMBANK
weathered gray till (5 feet thick)
unweathered gray till (15 feet thick)
bedzock with grooves trending southwest

Location 8, Elevation 795 feet; BULLDOZED BANK
weathered gray till (5 feet thick)
unweathered gray till (13 feet thick)
bedrock with southwest grooves




Using a Saadwich to Understand
Superposition

\
This activity has been adapted from the
author's article which appeared 1in
Teacher, April, 1980, v. 97, p. 54-57

by
Maurice L. Schwartz

Introduction

In this activity you will begin by making some sandwiches.
We will think of the various sandwich materials as representing
various kinds of sedimentary rocks. Can you think of ideas and
things we can do with the sandwich to show some ideas of geology?

Objectives

When you have completed this activity you will be able to:

L. Tell how the age relations of a series of sedimentary rocks
can be determined. ’ -

2. Describhe how sedimentary rocks may be folded and faulted.

3. . Explain how the origins of two kinds of igneous rock can be
distinguished.

Materials

Each person 1eeds:

A
Paper plate
Slice of white bread
Slice of light bhrown bread
Slice of dar¢ brcwn bread
Knife cr tonguve lapressor
Grape jelly
Chunky peanut butter

The teacher will also need:
Large kitchen knife (optional)
Electric soldering iror -
Two tablespoons for serving the jeily and peaiut butter

Paper towels

R N B S G G BN BE B EE BN BOE G D D TE Ee =
.




CONGLOMERATE
BROWN SHALE
PURPLE-BLUE

Procedure

Everyone is guing to make a sandwich. We will think of the
sandwich materials as being rock materials. In order far.
everyone to relate their sandwich to the geologic ideas, all the

sandwiches must be made in the same way. Please follow the
instructions.

Distribute the: materials to each student. When the
Jelly and poanut butter are served, put about a
tablegpoom of ecach on the plates, not on the hread.
The eoldering iron should be plugged in so it will be

heated when needed later in tr s activity.

Below are some rock names. After these names, write the
name of the kind of sandwich material which seems to fit
best:

"

White sandstone

Dirty sandstone ) )

]

Brown shale =
Purple-blue limestone =

Sticky conglomerate =

Put the wnite sandstone on the papor plate and spread onto
it the purple-blue limestone, place the brown shale on top
of the limestone. Spread the sticky conglomerate on top of
the brown shale. Put the dirty sandstene top. Your
sandwich should look like this, (Do not turniit over.)

DIRTY
SANDSTONE

STICKY

LIMESTONE
WHITE SANDSTONE




3. Answer these questions:

(a) Assuming that it took about five minutes to build the
sandwich, which is the oldest layer? Why?

Angwer: The white sandstone because it was put
dowm first. It ie8 on the bottom; everything else
came after it. -

(b) Which is the youngest layer? Why?

Answer: The dirty® sandstone 1is the youngest
because it was put on top and was the last layer
to be added .

(c) What is the relative age of the brown shale layer?

Answer: It 1ie between the age of the dirty
sandstone and the white sandstone because it 18 in
the middle.

(d) 1If a person spent five minutes making the sandwich but
worked slowly at the start and worked faster at the
end, could the age of the brown shale be exactly 2 1/2
minutes younger than the white sandstone? Why?

No. The epeed of building was not the eame. It
might be three minutes younger because the person
worked slower at the beginning.

(e) Remembering that the rate of'bdilding may vary greatly,
how could the age of the brown shale be described most

: accurutely? .
Answer: The browm shale ie younger than the layer

. below it (the purple-blue limestone) and is older

~ than the layer above it (the stieky conglomerate).

I~

(f) 1In summary, write a general rule for the age of a given
layer. Assume that (1) the layers were deposited in
order, one after the other, and (2) the layers have not
been turned over.

Answer: Studente may express this idea
differently. The layers on top are the youngest
and those on the bottom are the wldest. A given
layer 18 younger than any of the layers below it
ard older than any of the layers above it. Tell
your students that this idea ie expressed by the
Law of Superposition which appliee to sedimentary
rocks.

.
.
. N
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(g) Write here the name of the law which states the age
relations of rocks in a sedimentary series. (Your
teacher may furnish this name for you.)

Answer: Law of Superposition
4, Gently fold your sandwich to form a trbugh or valley. It

should 1lobk 1like the figure below. In geology, the
structure is called a SYNCLINE.

Rl

I[f you tilt your folded sandwich so that the valley dips either

away from yod or towards you, it is a model of a PLUNGING
SYNCITNFE,

{a) If you ate all the high parts of ‘the folded sandwich
representing a plunging syncline, would the rock in the

center be older or younger than the rock on either
wide?

Anmder: Younger

(b) Sketch the pattern of the top view of the roci. lavers
if yvour plunging svncline were croded (eaten) to a flat

surface. Show with an arrow the direction of the
plunge (the downward direction of the tilt of the
valley).

4 \ )
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Answenr:
P v
Brown Dirty
Shale Sandstone

Dirty
Sandstone

5. Gently fold your sandwich to form a ridge or elongate hill,
It should look like the figure below, In geology, this
structure is called an ANTICLINE.,

[t you tilt your folded sandwich so thit the top of the ridge
(the crest) or hill dips eitther away from you or towards vou, it
is a model of a PLUNGING ANTICLINE,




~

s . ) (a) If you ate all the high parts of the folded sandwich
representing a plunging anticline, would the rock in

the center be older or younger than the rock on either
gside?

Anever:, Older y

'(b) Sketch the Eattefn of thg top view of the rock layers
if your. plunging aﬁflcline were eroded (eaten) to a
flat surface. Show with an arrow the direction of the
plunge Of the anticline.

L

Ansver:,

/ Darty \_
Sand‘ tone

Ditty
Sandstone

o -

) “Q.” "Cut * your sandwich iq half with a knife (or tongue ~

depressor). .
(a) If you hold the two pieces as shown in the diaéram

below, this is a model -of a VERTICAL FAULT. What was
the relative movement of the two parts? .

<

. Angwer:  The lzft side has moved up relative to
the right side or the right side has moved down
' . relative to the left side. .

(b) If you hold the two pieces as shown in the diagram
below, this is a model of a LATERAL FAULT. What was
the relative movem%pt of the twe parts?

ﬁnsber: ‘The right side has moved away from the-
vtewer, or” the left side has moved towards the
viewer. / . .

A
=
R
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(c) Tre diagrams below show two 1lateral faults from a
different view. Using arrows, slifow the' direction of
relative movement.

v

~ /. ./l

1

o> 9
7

These faults are named by asssuming you are located on
one block and looking across the fault at the other
. nlock. -They are called LEFT LATERAL FAU.T and RIGHT
. LATERAL FAULT. The San Andreas fault in Califcrania is
a right lateral fault. *

Which is which in the diagram?

Answer:  The left luteral faulr is showm by the
diagram on the right and the nright lateral fault
18 shown by the diagram on the left. The
irection of the relative movement 1is designated
by imagining you are standing on one side of the
fault; looking across it, and deseribing in what
direction the other side has moved. ~

7 Sometimes hot, molten lava flows out onto the surface of the
land and 1is later covered with sediment which becomes
sedimentary rock. At other times, hot molten rock (magma)
will squeeze in between layers of sedimentdry rock below the
earth's surface. The magma is said to be intrvsive. ~ In
both cases, when the molten rocks cool and crystallize they
form igneous rocks.: The diagram below is an example of the
section of rocks which might be seen in a road-cut « °

¢ building excavation. ’

(a) ‘How could you determine whether the igneous layers
formed from a lava flow or from an intrusive magma?

Answer: The studente really do not have enough
informaticn to wwwer this question, but they
shoull be encouraged to think about it. Some may
know that lava cools more quickly than an
intrusive magra so that the igneous rock from the
lava should have rore of a fine-grained texture.

+
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(b)

(c)

SANDSTONE
IGNEOUS LAYER
LIMESTONE

iGNEOUS LAYER
SANDSTONE -

This would be a good anewer. - After the students
have .run out of ideas, perform the  following
demonstration for them:

Take two layews of bread, - held like a sandwich,
and push the hot soldering iron in between the two
layers for a few moments to cause some toasting
and burming of the bread. Then, keeping the
sandwich in a horizontal rosition place the

soldering iron on top of the upper surface of the

top piece of bread, toasting some of this surface.
After removing the soldering ircn, place a third
piece of bread on top of the other two. Keeping
them together as a unit, paes the three pieses of
bread -around the class &6 thut students -~ may
examine them.

Which of the operations performed with the soldering

iron resembles an intrusion and which resembles a lava.
-

flow. .

Answenr: The 1insertion .- between the layers
resembles the intrusion. Lay the soldering iron
on the tor of the sequence resembies a lava flow.

Examine the bread used in the demonstration. How can
you tell whether an igneous rock layer found between
sedimentary layers, formed from a lava flow or from an
intrusive magma?

»
-
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Answver: The effeects of the heat of an intrusive
magma ehould be seen on both the underlying and
overlying rocks. The effects of the heat of a
lava flow should be eeen only on the underlying
rocks because the overlying rocks were not
present. The overlying rocks are younger 11l were
Formed after the lava had cooled.

-

. Eb

The final part of this activity is to dispose of your
sandwich without being wasteful. What do you think should
be done ‘with it?

Review Questions

1. What is the law of superposition?

2. .How do the ages of the rocks in the center of an eroded
anticline differ rfrom those of an eroded syncline?

3. How are the relative movements of faults described?

b How may an igneous rock layer in a sequence of sedimentary
VR rocks be jdentified as having been formed by a lava flow or
an intrusive magma?
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Using Seismology to Learn About the Earth

by
Robert A, Christman, 1980

Introduction

Do you know what facts geologists use to postulate what the
earth's interior is like? The interior cannot be observed. The
deepest mines or drill "holes only go down a very short distance
in comparison to the earth's radius. Indirect evidence must be
found to learn about what occurs at depth.

OQJectiQes N
~/, Upon completion of this activity, you shoula be able to:

1. Tell how the velocity -of earthquake waves varies with the

kinds of earth materials through which they pass. ? 1
© 2. Explain‘how the velocity of the first wave .of the Alaskan
earthquake can be determined. .
, 3. Describe how:the Kkinds of rocks beneath the earth's surface
7. may be postulated by studying data obtained from
earthquakes. T
Materials
A pencil
Ruler ) . 1

Some earth science reference books
. ) Prccedure
Y Let's calculate how long it might take an earthquake wave to

travel from Prince William Sound, Alaska, . to Bellingham,
Washington. The distance is 2080 km. The time depends on the

- speed (velocity) of the wave. This depends on the kind of
~  material through wtich the wave passes. - Approximate velocities
through some common materials are as follows:
i Salt water = 1.5 km/second - ’
| Sediment = 2.0 km/second
' Granite = 6.0 km/second ]
2 Basalt =740 km/second

Perfdotite = 8. 0 km/second

The formula is T=D/V (Time equals the dfstance divided by

I S the velocity)
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2.

(a) If the wave traveled thrcugh salt water, how much time
would it take?

Answer: 1387 seconds (2080 : 1.5 = 1386.66)

(b) 1t the wave traveled through' sediment on the ocean
bottom, how much time would it take?

Answer: 1040 éeconds

(¢) If the wave traveled through bedrock composed of
granite, how much time would it take?

Answer: 347 seconds

(d) If the wave traveled through bedroc: composed »f
basalt, how much time would it take?

Angwer: 297 seconds
(e) If the wave traveled through bedrock composed of
peridotite, how much time would it take? .-

Answer: 260 seconds

>

. Next let's find out how 1long the wave #ctually took to

travel from Alaska to Bellingham. From seismic data it was
determiaed that the first strongest shock eccured at Prince
William Sound. The Greenwich meridian time was 3:36 and 13
seconds on the morning of March 28, 1964, This {s
abbreviated as 03:36:13.GMT. 1Its arrival time in Bellingham
can be determined from the seismogram.

Figure 1 is an exact reproduction of part of the seismogram
recorded bv the seismograph at Bellingham. The time marks
are recognized easily in the upper half of the record, prior
to the arrival of any shock wa' es. After they arrived, the
movement was so intense that =2ry little can be recoznized
in the lower half of the record. From data on other parts
of the seismogram, the time can be determined. The times
are given for three of the marks on the left side of the
figure. The horizontal distance between two time marks
represents’ 60 seconds. ’

(a) Determine as accurately as possible the exact time 1in
hours, minutes and seconds when the first wave
arrived. To find the number of seconds, you need to
use a ruler or to make a scale o a piece of paper.
You need to ‘determine what time iz represented by the
distance (less than 60 seconds) between the last “ime
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. Time (GMT)

March 28
hr/min/se¢

¢

01:38:00 —».

02:38:00 —»

03:38:00 —»

Minute marks prior to earthquake. Ends of swings which wére so rapid

Lines vrecord the normal, minor that the rest of the movement was
background movements . not recorded

S

' Perioj of s¥ch rapid motion that
Arrival of the first wave traces of individual movements
of Alaskan earthquake were not recorded

+

. ) . @
Figure 1 Exact copy of a portion of the Bellingham seismogram of the

Alaskan earthquake showing the arrival of the first wave,
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A.

“(c) How long did it take in seconds? (You need to convert

A

mark and the first earthquake movement whizh was
recorded. :
. .
Angwer: 03:40:34 The students should be able to
determine that the nmumber of seconds is slightly
greater than 30 because the distance is greater
than half of the distance between two time marks.
Answers of 35 and 40 seconds: are acceptable.

(b) Knowing the origin time and the arrival time, how many
minytes and seconds-did it take the earthquake wave to
travel from Prince William Sound to Bellingham?

Answer: 4 minutes and 20 seconds (03:04:34 minus
03:36:13) . *

the minutes to seconds)
Answer: 26l seconds (Four minutes = 240 seconds;
240 + 21 secords = 261) .

Let's. see what we can learn ‘by comparing the data from
questions #1 and #2, o

(a) Did the earthquake wave travel from ‘-Alaska .to
Bellingham through the ocean water near the earth's
surface or did it travel through bedrock?

. Answer: Ite speed indicatee that it went throuéh
bedrock. Ife the wave had traveled through sait
water or sediment it would have taken much Longer.

-~

(b) Through whgt kind of material‘did it probably travel?

Answer; Peridotite. This is the only material

listed whose caleulated time of 260 scconds agrees
with the detual travel time of 161 seconds.

(¢) What kind of rock is this? If you do not know, find
out about it in a reference book or dictionary.

. X ¢
Answer: Peridotite i an ignéous rock composed of
olivine and "dark colored minerals. It does not
aontain quartz or feldspar which are common

minerals in granite. It 1is most similar to
basalt, except that basalt usually contains some
feldspar. ‘

How deep belqw the earth's surface would this wave have
traveled? The best way to find the answer is to make a

1o,
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diagram.to scalé. This has been done in Figure 2. The

at

. earth's radius at 45° north latituder is apout &} 367 km.
/ (This is an average of 6,378 km at the equator and 6, 357 km

the - poles.) The angle between lines drawn from the

s earth's center to Bellingham “nd Prince William Sound is

/ about 18°. The surface distance between these two ﬁbints is
/ 2080 km. .

(a)

(b)

h -

J - (c)

If the earthquake wave- traveled in a straight path,

what would be its average depth? (Measure the depth
shown in Figure 2.) : '

Answer:  70-80 km. Thig i& an estimate, so the
answers will vary.
- .
Would the rock at this depth be considered part of the
crust or part of the next deeper layer which is called
the mantle? You will need a resouree book to find out
how thick the crust is under the ocean.

Answer: Rock at- a depth of 7A0-BQ, km would be_ part
of the mantle. The oceanie crust is usually
considered to be about 5 km thick. The erust

under the continents is thought to average about
40 km thick. T

°
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Figure 2 The relatfonsnip between the surface distance and tne

chord distance between Prince 41111am Sound and Bellingham, 4A

"

‘Based on this kind of evidence geologists postulate
that the rock in the upper part of the earth's mantle
is composed of peridotite. How would you go about
obtaining evidence on what kind of
greater depths?

rock occurs at .
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Review Questions

Answer:  Study arrival -times andﬁdeterézine the
velocities of earthquake waves which were recorded
at seismograph stations farther from  Alaska.
These will have traveled through the earth at
greater depths. T Y

Note: This activity neglects .an important idea
regarding the path which earthquake waves ' take.
Because earthquake waves travel. faster at greatenr

: depths, it is, believed that the. path of the wave,
ar'riving"'fir's\t} actually is deepe®, such as 'the

- ene showm by the dotted line in Figure 2 It ig
difficult to ‘determine the &%act dmount 5{

complication. You might be asked questions about
the distance. Because 2080 kme is the distance
measured along the earth's surface, students
determine how much difference., this would make.
The chord distance is about ‘12 km short®r than the
surface distance. Howeven, if the wave followed a
X . curved path,,ogoing to a greater depth, the
1 distance traveied might actually be nearly the
same as the surface distcnce. .,

~

. ™~
‘le.  How do the veloecities of earthquake’ waves vary debénding
upon whether the waves travel through salt water, sedim¥nt -
or bedrock? - > . g
2. How" are yelocities of eartHquake waves determined?
3. What kind of rock probably occurs in the upper mantle?
4, _How might the composition of other parts of the earth '
interior be discovered? .
Extensions )
7 - .
1. Using resource books, find out what has been postulated ‘to-

VA

be the structure of the earth. ., Kiowing how the informatien

can be obtained on the nature of the materials of the

earth's interior, you may have a2 better idea of how correct
these ideas might be.

What was the local time of the eérthquake in Alaska if the
Greenwich time was 3:36:13? To determine this, you need to
know that Prince.William Sound is at about longitude 150°
west and Greenwich 1is at 0°. = Every 15° of longitude
representcs a time difference of one hour. ) ~

[
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. .Travel Time: Earthquake Waves and Horses -
. 7 : . N ‘ . 4 * . -
& . ) by . M . .
R Robert A. Christman, 1980 AT
) . . ) E
. - - ‘ @ -
o Introductiqn ‘ D Coe
. When an eérthquake is felt, everyone asks, "How far 15 _it to
. vhere the earthquake occurred?” ° For some people this is. a- -

question of curfosity or concern for friends. For scientists: it J
Is a question of collecting scientifit information, If the j
earthquake occurs in an unpopulated area, no- one can give .
firschand informatiog. The best informatdon "is obtained from s
seismograms reccrded at seismograph. sta ions. . Do “you know How T
thé distance to an earthquake can be found by studying a
i
1
|
]
|
|
|

Seismogram? * '~ . -
«Objectives ° d ‘ - ' - T
- - Upog completion of this activity, you should be able to:
T 1. -Tell how differences in time may be-: used to determine the , .
. distances traveled by horses ip a horse race or shock waves
1h an earthquake. . ) i
Y * ' .
5 r 2. Describe ‘how, the P and S waves can be recognized oh a’ o
. r s€. -mogram. - W T <

- .. ¢
3. Explain how a travel-time curve- may- be used to’ find the
distance to an earthquake.

2. ) to
Materta¥t = . =~ - ' oo .
- .. o , ” ' '
| ‘ : A pencil ‘ o <
l /‘ - ; A raler p ) N ' )
- : \ . ’ R ‘ . N . 4 g
' . Procedure o \ : .
I " This .exercise begins by’ copsideripg a dakejbelieﬁe' horse .
) %ace. The 1ideas.developed.will help you understand how data on-
. the distancas traveled by earthquake waves may be obtained.
I . ~ .
I - 9
: , R}
'l : o . ‘ .
hJ ]
3 . . &
<t . A :
] T
* ? ' ’
l 3 .’ . . - ’ 2 R ’ ; . K
~ A wsl0o ¢ e '
l N ’ g ST B ) 24
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. T ne Figure 1 rep’r‘esents two photographs taken at  a horse race.
Each horse geached the 500-méter mark at different times, as
* ' 1s shown by the clock. , .
] - " M ~ ! ’ . L}
N ¢ (a) How long did-Prince take to run the 500 meters?
. a . L .
.. Answer: 40 secords . , )
’ . (b) _How long did Slow-Poke take td run the 500 meters;? .
’ - Answer: 50 seconds )
g (c)' What was the difference in their times? - '
. - . Answer: 10 seconds~. L
. - - )’ o o
- Figure I' Travel Time: Earthquake Waves and Horses
R <t . ° ]
- — . \
A . . Peters , .
Y . . ca
R ; » ° pR\N ¢
b
k] ~° “ [} .
1 4
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3 ]
&, ! N
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2. Figure 2 represents twe other photographs taken of the same

race. These photographs were taken opposite the 1000-meter
mark. i

e

-

s . (a) How long did Prince take to run the 1000 meters?
s Angwer: 80 seconds
(b) How long did Slow-Poke take to run the 1070 meters?
. ' Answer: 100 seconds
(c) What was the difference in their time?

Answer: 20 secovds

Figure 2 Travel Time: Earthquake Waves and Horses




3.

[6.

Figure 3 represents two more photographs taken of the same

race. The marker is missing so the distance is not known.

(a) How long did Prince take to run this unknown distance?
Answer: 60 seconds

(b) How 1long did Slow-Poke take to run this unknown
distance?

Answer: 75 seconds
(c) What was the difference in their times?

Answer: 15 geconds

Figure 3 Travel Time: Earthquake Waves and Horses

\.ovJ‘PmKe
5

/

A
Nvrg

Think about how the difference in time varies in these three
sets of photographs.

(a) Have the horses shown in figure 3 run 1) less than 500

meters, 2) more than 1000 meters or 3) some distance
between 500 and 1000 meters?

1ug
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5.

Answer: Some distance betwgen 500 and 1000 meters

(b) wWhat is the exact value of the unknown distance of
figure 3?

r 8wer: 750 meters
(c) How did you determine this?

Answer: Because the time difference of 15 seconds
was exactly half way between the time difference
of 10 seconds for 500 met re and 20 seconds for
1000 meters, the distance must be half way between
500 and 1000 or 750 meters.

You were able to determiné the unknown distance because the
relationships between the numbers were easy to understand.
In arriving at these answers the assumption is made that the
horses ran at constant speeds. However, the main idea is
that the distance can be determined from the time
difference. This would apply even if the time difference
was an odd value like 17 1/4 seconds. To avoid math
problems with fractions, distances for various times can be
easily determined -if a gragh is used. Figure 4 {s a graph
of this horse race. Both horsus start at zero distance at

1000

Distance in Meters

1250

iso0t-—4 b1 1 -J-_— — .
> 20 40 60 80 100 120 140 160

Time in Seconds

/,

I

180

Figure 4 Graph of the horse race between Prince and Siow-~Poke
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zero time. At 500 meters Prince has run 40 seconds and
Slow-Poke has run 50 seconds for a time difference of. 10
seconds. At _.750 meters Prince = 60 seconds, Slow-Poke = 75
seconds with a time difference of 15 seconds. At 1000
meters Prince = 80 seconds, Slow-Poke = 100 seconds with a
time difference of 20 seconds.

(a) With increasing distances of travel, how does the time
difference change? .

Answer: The time difference becomes progressively
larger.

(b) If at some place of the race the time difference was 30
seconds, how far would the horses have run?

L

Answer: 1500 meters

(c) If at another point of observation time the difference
was 23 seconds, approximately how far were the horses
from the start?

Answer: 1150 meters
How did you determine this?

Bezause of the materials to follow, it 1is
important that the teacher develop with the
students the method, given here, for obtaining the
distance from the graph. Lay a strip of paper
along the botto.. secale (Time in Seconds) and mark
of f two points on the paper to represent the time
difference. In this question, the marks should be
23 seconds apart. Keeping the paper parallel to
the base, the strip is moved up and down along the
graph to find the place where the two lines are
exactly 23 seconds apart. The distance is read on
the scale on the left.

(d) Tf the hcerses became tired and ran slower by the same
relative amounts, how would this change the graph?

Answer: Instead of being straight, the lines
would be curved. They might look like this:
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When an earthquake occurs, it generates different kinds of
waves., These are transmitted through rock in different ways
glving them different speeds.. As the distance of travel becomes
greater, one kind gets ahead of the Jther kind, just as Prince
got farther ahead "of Slow-Poke. With distance they slow dow#n, so
the lines on the graph are curved.

The two most important kinds of waves are P waves (Primary)
and S waves (Secondary). Both criginate at the same point cf the
earthquake but the P wave (like Prince) travels faster than the S
wave (like Slow-Poke). If the time difference is known at a
particular place, a travel-time graph can be used to determine
the distance to where the earthquake occured.

Figure 5 is an exact reproduction of part of the Bellingham
seismogram of the 1964 Alaskan earthquake. The time is recorded
by the tic marks; some of these are labeled on this figure. This
seismogram shows the movements caused by several earthquakes.
The one recorded in the upper part of the figu.e shows bestz It
is an aftershock which occurred somewhere in Adaska after the
main earthquake. If you count the time spaces, you can determine
that ‘the P wave ‘(shown by the first movement) arrived between
10:09 and 10:10. The arrival of the S wave is recognized by the
change in pattern between 10:13 and 10:14.

6. What is the time difference between the arrival of the P and
S waves as actually recorded on the Bellingham seismogram?

(Measure this on figure 5)

Answer: 4 minutes. Coincidental, the time difference
between P and S for this earthquake is exactly four
minutes, which ig an easy answer for students. .

Figure 6 is a graph which shows the travel time for P and S
waves traveling through the rocks between Alaska and Bellingham.
Only part of the graph is shown. lr the lines were extended
upwards, they would meet at zero distance and zero. This graph

1s similar to the one showing the -travel times for Prince and
Slow-Poke. v

7. How far away from Bellingham did this earthquake originate?
(Use the time difference obtained in question #6. Mark this”
off 'on a strip of paper and determine where on the graph the
P and S waves are exactly this distance apart.)

Answer: 2260 to 2280 km. The main difficulty students
may have in arriving at an acceptable answer is that
some will wread the vertical scale on figure 6
incorrectly. Each space represents 20 kilometers.
. Because the P and § linue are rather thick, students
' will disagree slightly as to where the Lines are
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"tic'" marks, The ones near the edges are labeled.

115



| 1

'
- '
USRI B ST N - -
<+

T . ) 1 1 | a
_L.u_L T bt T v gy (UY U SRR I ot A_-+ DAFIE SIS I T SRR (*2
- il L i St - . )

. 2 -

116

studying the Alaskan

{
i

8
i
i
!
"
!
for

3

U D T Y

R Tt 2
l——-; — 4

o4t
|
H
1
"
-

——
141

SERes
TIME IN MINUTES

specially prepared to be used

2

tt-_
ey
LAt
-
iy

BN ! —— —_ ! i i
. T N A [ !
IS IR il N ] |
— e e ! [l 1
PRSCUEE T ST S| BEERENE 1 .
S W U R S e ALI. | 1 [ 1 AR 1
(RSO (U ! ] B 131 o i-4 (IR {
e e e e m e o 1 | | 1 I { ] ‘F4 RN 1 1

. o : X v :

Ny oV

oty St g e EERSRRENES St e EENE;

e P

i\
3

the Bellingham seismograms.

T o 2 s [ SRR U VU SN ———r e % - o R ! . .

s S . bopat e 4 illl.-i.lll..QAIIol__v

et s : ——— —_— s, 2L L L L - 4 - - -—— -y - »'llblall_._
2 et 2 d L L ool ey _ 1 N
et pmd — u : Aty b - s .
—-— : TR . JUOUS S :
, 4 s
—dee.

o
toLl NS U S Tvx}‘ T ST
I«H i

time curves,

c
C
]
PR S N T i i i i : 7 T 7 M
LT T AT f.Tli.!%Qli PERBENE SN T bt P
Rl S e e et I b =t n...»6l..0t*4k_l+(f -+ R Y _L i Py o i || T
[OOSR U I LR R ! :
Tt e S e e T e T >
e e e N R 1 [ Fl kF P Y o [ _ 'Al, " — [ D G H 1 g
: T DEnasus it R Srrie S S TS SR S E S S N E | 0
I D R i e s A e i e e T RSN (N NP SN > &
SRR T R SO T L,U cdg A 4ol RS i a e EEEEEE o
—_ -y R SSJ.:A_li..‘4.‘--siL_--..A_il ——— il -
e T JRRINOSSEOTENE I - -
......... ) DR Sl D T G i
H‘ - —— - e e T T T T A H lllllll —. .- . . e - e D ) )I.'\'AvH
- T 4 4 = w s s e . - R e R, JR St .
....... A SRR D (DS I SOy IR T <
[ M T TE e r e T PN S S, o
= X 1 - il —-—— - — e atn} o
¢ - - - Bt S L - e N L i -
e e = o e e e emmmaat PR . PO PO <N [
P ~ [~ J SO S - B PR S ll..L Wn
DRSS ST DSOS S BTSSR SR SR S NS B -
=

SH3IL3WOTIX NI 30NVLSIA

113




© exactly 4 minutes arart. However, understanding the
method is more important than having everyone obtain a
particular value.

Review Questions:

1. How were the distances run by Prince and Slow-Poke
determined by their running times?

2. How do the ideas about the race between Prince and Slow-Poke
relate to the way earthquake waves travel?

o 3. Exactly how does a seismologist determine the distance to an
earthquake by studying a seismogram? ’

L1y
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Epicenters of the 1964 Alaskan Earthquake

by
Robert A. Christman, 1980

Introduction

After a large earthquake has occurred, geologisfs need to
find its exact location. How can this be done? By talking to
people, it might be very hard to decide where ‘the ground shook
the most. An earthquake might feel one way to a person sitting
on a rock. The same earthquake, might seem different to a person
on the third floor of & building with a weak foundation. Also,:
the place of the strongest movement might be away from people.
When an earthqfike occurs in Alaska, the major shock often occurs
far from villages or towns, so that there are no witnesses.

- ) .
When an earthquake occurs, it releases energy #hich travels
through the rocks as waves. To locate where the earthquake
occured, one needs to find out where the strongest waves
originated. A seismograph records these waves on a seismogram.
"~ By studying a seismogram, it is “possible ta learp about the

<

magnitude of the _earthquake and~h9h far the waves have traveled. o .

.From this kind of iﬁformatign, one can determine where the
earthquake took place. + -

Objectives

[

Upon completion of this activity, you should be able to:

Io txplain how a seismblogist loca;eg the epicenter of an
earthquake. , -

2. Describe the distribution of the aftershocks associated with
1964 Alaskan earthquake. -

3. Tell how the Alaskan earthquakes may be. related to a
subduction zone.

Matertals !
A pencil . .
Compass. . .
Worksheets 1 and 2

Procedure

A seismologist can find the location of an earthquake by
collecting data from seismograms. The times of arrival of two
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different kinds of waves are found. These waves are called the
primary (P) and secondary (S) waves. The P. wave always travels
faster than the S -wave. Thu% the farther they travel, the
farther they become separated. By determining how much the P
wave 1is ahead of the S wave,, the disrance which they have gone
may be found by using a chart. Using the distance as a radius, a
circle can be drawn around she station on 2 map. The carthquake
is then known to be located somewhere along this circle. Because
some other information is usually available from news reports,
only part of the circle may.be drawn. However, it is important
to note that this methHod does ndt determine the direction or
exact Lobation of the earthquake. Othef inforgation is needed.
To pinpo}n; the’ location, a seismologist collects data from
"many stations. If it can be determined how far the earthquake
was from the other stations, circles can be drawn around each of
these. The place where all the circles intersect on a map is the
location. of the earthquaké. This point 1is called:the epicenter.
It is the point on the earth's surface directly above the place
where energy was released below the surface by the éé;thduake.

1. Locate the epicenters of two Alaskan earthquakes. Use the
data from Table 1 and use 'the map of Worksheet 1, When
drawing the circles or ares with a pencil compass, an 3
accurate radius may be. obtagiped by using the scale on both- ’

’sides of zero on the mapes As shown in Figure 1, the right °

side is used to" measure mulgxples greater then 500 km and
tke left side is used to accurately sda]e off distances of
less than 500 km. <.

Table 1. Distances from four seismogtaph stations to the
epicenters = of two aftershocks associated with the - 1964
Alaskan Earthquake.

pa—

Date & Distance from Distance from Distance from Distance from
time*’ Bellingham,WA Edmonton, Can. Pasadena, CA Honolulu, Hawaii

March 29 2560 ki

06 05 cur 2280 km 3600 km 3880 kn.
March 29 ]
04 12 GMT 1938 km 2025 km 3440 km 4420 km

*Greenwich-Mcridian Time

1], -
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-

5?0 10?0

15?0

. ' Figure 1 fompass is set at 2280 km. by measuring 2000 khm. to
s o the right of zero and mea&uring 280 km to the left.

2. Approximately how far, and in what- directions were tHese
epicenters from Anchorage? N

b e ,,
.

#1 ie about 650 km to the SW and #2
18 about 250 km to the SE. Exaat
positions - are shown on the sketch
map. The map of Workseheet 1 -
especially draim for. this autbdtby

) 8o that all distances from Anchorage
. are correct. Other mapa cannot be
subttituted wrless they are equi-
distant progecttona.
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-

When you located‘ the epicenters for two earthquakes in

question #1, were you surprised by your results?- Did you |

expect them to be so far apart and so far from Anchorage’

“In this part of the activity, the: epicenters . of 25'

earthquakes, will be plotted to learn something about their
distribution. Theése earthquakes are called “"aftershocks”

because - they followed the main shock. . -Huhdreds were
recorded. * Some of. the strongest ones are listed in'Table 2.
If they had occurred .by themselves, many of -them would have.

"been considered ma jor earthquakes. Plot each-of these on.

the map of Worksheet 2 using its latitude and ,longitude.

® [ *

* s,

Table 2 Eplcenters for somet1964.A1askan Earthquakej

" Time GMT . N
Date’ HourMin Lat1tude Longitude Megn1tude

‘March 28 03 36  61.05N  147.50W °
March 28 06 44 58."3§ 151,3W
March 28 06 54 . 58.8N 149.6W
March 28 07 31 | 57.3N " ° 151.7w
March 28 08 46 _ 58.0N 1522w
March 28 08 55 58.2N 149.4W
March 28 09 01 56.5N | 152.0W
-March 28 09 53, 29.7N8 146, 6W
March 28 12 03 60.3N 146, 6W
10. March 28 .12 21 56.5N-  154.1W
11.. -March 28 14 48- 60.4N 146,5W
‘{12, March 28 14 49 60.4N °~ 147.1W
13, March 28 20 29 59.8N 148,9wW
14.- March 29 - 01 10 ‘53.9§— 149.2w
15.- March 29 04 12  60.2N°  145.4W -
116. March 29 06 05 56.2N 154, 2w
17. March-29 10 08 - 60,.0N 148, 5w
18. March 29 .11 57 57.9N 151.5w
19, March 29 . 16 18  "60.3N 146.2wW
20, March 29 16 46. 59.8N - "147.0W
21, March 29 16 53 . 60.4N 146.0W
22, March 30 02 18 56.6N 153.0W
23,, March 30 - 07 10 59.8N 145,9W-
24, ., April 3 22 34 .61,7N 147.7W
25. April 4 ° 09 11 57.0N 152. 8w
*Magn1tudes by Coast .and Geodet1c Survey, all others
from Pasadena, CA

Data from Preliminary Report, »Prince William Sound
Alaskan Earthguakeé, March-April 1964: Cpast and
Geodetic Survey, April 1964,

*
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5.

6.

Describe in your own words the distribution of these
epicenters,

They are randomly dietributed in a broad band from neanr
Valdez in the northeast to the southwest cormer of the map .
They form'a zone which is nearly 700 km long and 200 to 390
km wide.

What was the sequence of these earthquakes in time? After
the maid shock (Epicenter #1) did the aftershocks occur in
some kind of order, 1like a chain reactisn of falling
dominos?

" No sequence ie evident. The order seems random, even though

this does not seem logical.

As shown in Figure 2, it is believed that a subduction zone
occurs in a NE-SW trending direction of the coast. The
Pacific Ocean Plate is believed to be slowly going down
beneath Alaska. How might this explain the origin of the
earthquakes? -

Figure 2: Schematic drawing showing the Pacific Ocean
Plate being subducted beneath Alaska.’

Although the detaile are very complex, students sghould be
able to understand how earthquakes could be caused Ly the
movements of the plates. In some areas the plates, rather
than moving glowly and continuously past one another, become
"locked" by friction. When they do move it is by a series
of Jjerke (earthquakes) when the pressures for movement
overcome the friction. Thus, earthquakes along a subduction
aone have different intensities which are related to how
much’ pregsure has built up before rupture. They may be
diatriluted over & large area of the subduction zone. A
break in onme place seems to trigger breaks in cther parts of
the sone. Although the concept of "epicaniers” seems to
imply a break at a single point, it would be more aceurate
to think of the breaks oceuring along aipping planes.




Review Questions

l.

How does a seismologist

earthquake by wusing data
different stations?

from

seismograms

What was the distribution of the aftershocks?

lc ite the epicenter

from

of an
several

How might the earthquakes be related to the subduction zone?

1

()-

o)
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' Density and What It Can Tell Us About
) The Structure of the Earth

by
Maurice Schwartz and Robert A. Christman
This activity is based on one titled,
The Size and Weight of the Earth

by Maurice Schwartz

which appeared in the
Washington Science Teachers' Jourr.a,
Winter, 1980, Vol 20, No. 1, p. 7-9

‘

Introduction

When scientists first calculated the density of the earth,
they found that the earth was denser than any of the rocks found
on its surface. How was the density determined? What 1ideas
resulted from these calculations? -

Objectives } \

Upon completion of Fhis activity yéu.should be ablehto:
1. Explain how density is determined.
2. Tell how density can be used to determine composftién.f
3.  Describe the structure of the earth.
Materials

Each team will ne;d the following items:

Clay balls prepared by the teacher
i 1000 mL (or cc) graduated cylinder (filled with water to the
500 mL level)
Thread, 5 pieces about 50 cm long
Balance scale (grams)
Rock- samples of sandstone, granite and basalt

Prepare the clay balls by imbedding a steel or iron
ball (2-4 om in diameter) in the center of some of
them. If the first part of the activity is done as a
clags inquiry, make three balle; one with the metal
interior and two without, but of different gizes. If
thie is done with teams, make a pair of balle with and
without the metal interior for eaeh team. In both
cagses, make the clay ball with the metal interionr
slightly larger than the pure clay balls. The clay
balls and rock samples must be smaller than the
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diameter of the graduated cylinder so they can be
lowered by thread into the water. However, do nct make

them so small that it will be difficult for studente to
make accurate measurements.

These items should be available in the science supply
room. If you have only one set of equipment, the
activity can be done as a clase inquiry-demonetration.
Preferably, with more equipment, the studente can
conduct their owm inquiry independently in teams.

Procedure

. et et

L.

2.

3.

Examine the clay balls by looking and handling them bu:
without altering them in any way. Describe the ball-,
noting how they are similar and how they are different.

Students should record that the clay balls appear to be
similar in composition (elay) and shape. The sizes are
slightly different. The larger one is heavier than the
smaller ome.

How could the differences be erplained?

The eize difference is simply that some appear to
econsist of more eclay. The weight difference might be
related to the size. However, because the increased
weight seems to be too great for the increased size,
the heavier one may have a different composition or may
have something heavier ineide of it.

Without altering the clay balls, how could you express your
observations about the differences in weight with figures or
facts.,

The specimens could be weighed. However, because the
relationship tc s'ze must be considered, the density is
more important than the actual weight.

Because we are concerned with weight, mass, size, volume and
density, these terms are explained here:

Weight 1is a meacture of the gravitational attraction
between two bodies. You would weigh less on the moon than
on the earth because, though you remain the same, the
gravitational pull of the moon is less than that on earth.

Mass is the quantity, or amount, of matter in something.
Thus, 'the mass of an object does not change if you move it
into different gravitational fields.
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5.

Size can be measured as length, area or volume.

Volume is the amount of space an object occupies, It cén
be expressed either as milliliters (mL) or cubic
centimeters (cc).

Density is the mass per unit volume. For this exercise we
will assume that the mass equals the weight q‘ﬁ ignore- the
question of differences due to gravitational fields.
Thus, density is the weight of something for ics size.

Density i a concrete number (the demsity of irom is
7.6 gm/ec).  Specific gravity is ‘the weight of a
substance compared to the weight of an equal volume of
water. Because one cec of water weighe dne gm, in the
metric system demsity and specific gravity have the
same value, except that specific gravity is an abstract
number without unite (the specific gravity of iron is
7.6).

Determine the density of the large and small clay balls.
Use the balance to obtain their weight (or mass) in grams.
To find the volume, tie a thread around a ball and lower it
into the water in the graduated cylinder.  Record the
displacement of the surface level. Divide the volume into
the mass to obtain the density. Complete the chart below:

Calculated Density
Mass Volume D = M/V

Small clay ball gm ce gm/cc
Large clay ball gm cc gm/cc

The density of the pure clay ball should be about 2.5 .
gn/ec. The density of the clay ball with the iron onr
steel ball should be considerably greater and will
depend on the kind of metal and relative proportions of
elay and metal.

Which of the following statements have you proven and why?

A, The greater weight of the larger clay ball compared to
the smaller one can be explained by the difference in
sizes.

B. The greater weight of the larger clay ball compared to

the smaller one cannot be explained completely by the
difference in sizes.

12420




The answer i8 "B." If the tincreased weight of the
larger ball were simply due to the larger amount of
clay, the density of the two balle would be the same.
Because the demgities are different, the larger ball
must have a different composition--it must have
something heavier inside.

At thie time, let the students break open the heavier
clay ball to see what is ineide of it.

Turning now to the earth, let's see how its dgnsigy can be
determined. ) -

The size of the earth could be determined after the
circumference was. found. The circumference, or distance
around the earth, was first calculated in 200 B.C. by
Eratosthenes, a librarian in Alexandria, Egypt. He found
the angle between the sun's rays and a vertical line at two
cities, Alexandria and Syene, at exactly the same time.
Knowing the distance between the two placqf and the angles,
Eratosthenes was then able to arrive atV¥a distance very
close to the 40,000 kilometers that we now know as the
earth's average circumference. The volume of the earth can
be calculated as being 1.1 x 1027cc. (The "x 1027" part
of the number means that twenty-seven zeros are added to the
-number. )

It wasn't until much later that the m.ss of the earth was
" determined. In 1687 Sir Isaac Newton réported that “the
force of gravity between any two bodies in the universe is
directly proportional to the product of their masses and
inversely proportional to .the square of the distance between
their centers.” This means that

Ml X Mz
F=G x d?2

where F is the force, i} and my are the masses of two
bodies, d is the distance between their centers, and G is
the gravitational constant. If G is-known it ts possible to
determine the mass of the earth; because then each values in
the above formula, other than one mass (that of the earth),
can be put irto the calculation to arrive at a solution.

The first person to determine the value of the gravitational
constant (G) was Henry Cavendish. In a laboratory
experiment, performed around 1798, he measured the
gravitational attraction between very delicately balanced
netallic balls. After this procedure wac cofined, it became
possible to calculate the mass of the earth as being 6.0 x
1027gm.

12;
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8.

9.

Using the figures above, calculate the density of the earth.
(Use D = M/V and do not worry: about the large numbers
because the "1027's” cancel out.) What wvalue did you
obtain?

D = 1.1 = 5.5 gm/ec

The three most common rocks found on the earth's surface (or
near surface) are sandstone, granite and basalt. Using the.
same method as used for the clay balls, what are their
densities?

-,

Rock Mass Volume Density

Sandstone T ogm cc gm/cc
Granite gm cc gm/cc
Basalt gm ce ‘gm/cc

The density of sandstone should be about 2.5; granite
i8 about 2.7; and basalt is about 3.0. The exact
values will vary. Because the students may have
difficulty making accurate - measiurements, measonable
answers should ba accepted. However, sandstone should
be at the low end and basalt should be at the high end
of the valuec.

Sedimentary rocks, 1like sandstone, cover 80% of the 1land
surface of the earth. Continental landmasses are underlain
by mostly granitic rocks. The "basement” (bottom) rock
under the ocean floor is basalt. Do you think-the earth is
composed of these three kinds of rocks, with sedimentary
rocks on thé surface, granites under the continents and
basalts extending to. the center of the earth? Why -do you
think this?

No. The densities of these three kinds of rock are too
low to explain the average 5.5 gm/cc for the earth.

How may the density of the earth be explained?

Like the clay ball with the steel ball as an interior,
it 18 believed the earth has a1 metallic' eore. The
density proves that the interior must be demser than
5.5 tf the surface rocks are 3.0 or dess.

Seientists believe that the core is composed of iron
and nickel. Because many meteorites are composed of
Fe-Ni, it i8 suggested that, if these are a common patr
of heavy elementsz in the Universe, then they might also
be an important pair in the earth.

Seismological techniques also indicate that the
interior of the earth ie -denge and layered.  These

3
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studies suggest that a solid immer core (1,243 km
thick) is surrounded by a liquid outer core (2,308 km

" thick) wkich in turm 1 surrounded by a thick layer of

rocks (2,848 km) called the mantle. The earth's crust
18 usually considered to be 5 km thick under the ocean
and 40 km thick under the continents.

As an extension, have students make a model or a
drawing to show the structure of the earth. When the
layers are drawn to ecale, the students will be
impressed with the thinnees of the earth's crust. If
the thickness of the crust is not exaggerated, it will
be about the width of a pencil line on most drawings.

N

128




Ashfall in Washington--Courtesy of
Mount St. Helens

Adapted from an activity in
Mount St. Helens: Classroom Activities
Education Service District No. 112,
1313 N.E. 134th St., Vancouver, WA 98665 -

by
Robert A. Christman, 1980

Introduction

You have read about and seen pictures of the volcanic ash
which fell on the state of Washington. The largest ashfall was
the result of the May 18, 1980, eruption of Mount St. Helens.
From the photographs and stories in the newspaper you might have
thought that the entire state was ankle-deep in ash. Do you have
any idea as to how much ash fell? Do you know how it was
distributed?

Ob jectives
Upon completion of this activity you should be able to:

. Describe the distribution of ash following the May 18 ~
eruption,

2. Develop a theory for the reasons the pattern of
distribution of the ash.

3., . Tell how much ash fell,
Materials

You will need a copy of the map showing the ashfall
thicknesses. A calculator might be useful.

Procedure 9
Study the map showing the thickness of the ash from the May
18 eruption of Mount St. Helens. To understand the map you need

to know that the winds in.the Paciflc Northwest generally blow
from west to the east.

l. How can you tell where Mount St, Helens is located on the
map?

By the patterm of the ash. It is located at the west
s
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end of the blanket of ash. This i8 east of Longview
where the contour lines are eclose together and at the
tip of the area with the largest amount of ash.

2. Based on the pattern of the areas of greatest ashfall, what

were the wind directions?
Adjacent to Mount St. Helems the winds blew the ash to
the northeast. Purther away the winde carried the ash
in an east-northedsterly direction. When the ash
clouds reached Moses Lake, the winde blew directly from
the west to the east. This i8 shown by the fact that
the area of greatest’ashfall is distributed in an
wést-east direction.

3. Which areas received the largest amount of ash?

The area around Ritaville received over 55 mm of ash
with an average of 60 mm. Another area eloser to Mount
St. Helens received more than 45 mm of ash with an

" average of 50 mm. -

) 4. How much ash fell in the area between Ellensburg aﬁd’Yakima?
Only about 20 mm.

5. The ash which fell in the Yakima area was partly the size of
fine sand.. The ash which fell near Ritzville was finer
grained and was mostly the size of silt. If you think about

ot an ideal case, what would you expect to be the distributioq

‘and size of the ash in the windward direction from an
* erupting volcano? .

The thickest deposits should be closest ‘to the
mountain. These would contain the coarsest material.
. Away from the voleano, the ash would becrne “inereasing-
ly more fine-grained and the deposite would be
increasingly thinner. Some of the finest ash might
be blown high in the atmpsphere. This might ‘be carried
great distance; sometimes it is garried all the way
around the ednth.
6. What two reasons can you think of to explain why so much ash
. fell in the Ritzville‘grea and why lesz ash fell in the
Ellensburg/Yakima area? (The exact reason for the odd v
distribution is not known.) i . c
. .
Maybe the eruption -of Mount St. Helens. produced a super
abundance cof silt-sised ash and a deficiency of
sand-stised ash. [Less ash fell in the Ellensburg/Yakima
area 8imply because -there was less of the sand-siaed

- (34 7
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10,

-1l

N\ ‘ .

. . mterial. The “ash clouds carried great quantities of
silt-stzed material which was deposited 1in the
Ritaville area.

A second possible explanation is that on the day of the
eruption, the winde were blowing etrongly and picked up
speed in the Ellensburg/Yakima area. The winds were
able, because of their sepeed, to carry the material
which ordinarily would hgve been dropped. .Howevef, by
the time the clouds reached the Ritaville area they
diminished in strength. The decrease in speed caused
. large quantities of ash to be dpposzted

Do you think that the amount of ash deposited next to the
fmountain is shown eorrectly on thé map?

"It probably ie not egactly correct because on the

» northeast flanke of the voleano the deposite were much
thicker than 50 mm. However, these would not show on
the scale of this map. Also, their thickness was not
known completely at the time this map was published.

Think about the differentes between “zero" ash and a “trace"”
of ash. What does this suggest about how precisely the
“trace ¥ine"” {1s located on the map?

‘It would be very difficult to ftnd enough f&cts to
accuratgly tell the dszérence between "trace" and
"zero" ash. ‘Therefore, it i8 important to realize that
the lines,on the thtckneas map are approximately
located. )£

The area receiving more that 5 mm of ash is approximately
545500 km2. The State of Washington is about 176,600
km4., What percent of the state received more than 5-'mm of

- ash?

Answer: 31% 94,000 =" 30.8%
’ 176, 000

4 a

a

The chart.on the next page gives the sizes of the area which
received various amounts of ash from the May 18 eruption.
Complete the last two columns of the chart to determine the
volume of ash in cubic kilometers. ’

What 1is the total volume of ash in cubic kilometers' which
fell on the State of Washington from the May 18 eruption?
(Add the volumes obtained in the last column of the chart to
obtain the total.)

Answer: 1.266 kmS or rounded off to 1.3 knd
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12 If you constructed a road with-the ash which fell on

] Washington, how long would this road be in kilometers?

Assume ‘that the road will be 10 meters wide and O, 1 meter

thick (10 centimeters). Use 1,300,000,000 m3 as the
amount of ash. +7

Answer: 1,300,000 km
Each kilometer of road would require 1000 m3 of ash.
(1000 mx 10 mx 0.1 m = 100 nS)
1,300,000,000 - 1000 = 1,300,000 km

13, If the distance from San Francisco to New York City 18'
~ approximately 4000 km, how many roads could be built between
these two cities with this ash?

Answer 325 roads (1,300,000 ~ 4000 = 325)

14, If the circumference of the Earth is about 40,000 km, how
far would the road extend around thi@ﬁﬂ”5t°r? )
re3

Angwer: about 32 times - (1,300,000 - 40,000 = 3.25)

15. Some of the newspapers and scientific reports state the
amount of material erwpted from Mount St. Helens on May 18
waé one cubic kilometer. In this activity the calculations
give the amount as 1.3 cubic kilometers. What reasons can
you think of for this difference in values?

The measurements of the thickness of the ash fall were
too few eo that the linee and averages are only

Q . ) 133
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approximate. When more facts are gathered the size of
the area may be elightly different.

The measurement of ash thickness did not consider the
"packing.” Some of the ash [urther from the mountain
wae quite fluffy. Ash which wae measured to be 45 mm
thick in the Ritaville.area might actually be Lless
thick if it were compaucted. The ash which fell nearenr
to the voleano and measured 45 mm  thick was much
coarser in size. The 45 mm there might represent more
material than the 45 mm at Ritaville because the
particles were more closely packed togethenr.

16 People have wondered what to do with all the ash. What do
you think will happen to it?

X Some ofhe finer ash will be carried avay by winds.

) Some will be carried away by running water and will be ‘.
deposited as eilt and seand behind - the dame om the
Columbia River. Most of it, however, will become part
of the sotil.
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Movement Along The San Andreas Fault

by
John Steinback, 1979

/

Introduction

The San Andreas Fault System 13 a part of a worldwide
system of faults, rifts, trenches, and mountains that. outline the
moving plates of the lithosphere. In particular, the San Andreas
Fault System 1s part of the boundary between the North American
Plate and the Pacific Plate.

Various techniques, 1including seismic surveys, laser
measurements, and ocean floor dating of magnetic stripes have
indicated that the western side of the fault is moving Northwest
relative to the eastern side. The rate of movement has been
determined to be about one centimeter per year over the past
several million years in Northern and Central California.

Baja, California, and a sliver cf California are drifting
no ..west with the Pacific Plate while the North American Plate
drifts west.

Objectives

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

’

1. Describe the direction of motion of the North American and
Pacific Plates. -

2. Determine the future location(s) of the Point Reyes
Peninsula (California-Baja California segment of the Pacific
Plate) relative to the Nerth American Plate.

3. Infer the probable "continental source” of the
California-Baja segment of the Pacific Plate.

4, Determine relative plate movement over timé when given rate
of movement.

Materials

Topographic map: Points Reyes, California Quadrangle 7.5
minute quadrangle, United States Geological Survey.

Trac{ng paper

Scissors

World map (globe or Mercator projection)

5 137 1:3‘)
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Procedure

I,

5.

6.

Locate the Point Reyes Peninsula ou the Point Reyes
Quadrangle. Locate the San Andreas Fault Zone, and notice
that it runs northwest through Tomales Bay and into the
Pacific Ocean.

Place a long edge of the tracing paper along the San Andreas
Fault Zone and trace the outline of the Point Reyes
Peninsula, Then cut out the tracing.

If the movement along the fault is one cm/yr, how long would
it take for the Point Reyes Peninsula to move one km to the
northwest?

Place your cut-out of Point Reyes on the Quadrangle directly
on top of Point Reyes. Then slowly and carefully slide it
along the San Andreas Fault in a northwest direction until
the cut-out no longer touches the North American Continent.
The straight edge of the paper will be in Tomales Bay.

Using the map scale, determine how many kilometers the
peninsula has moved.

If the rate of movement is one cm/yr, how long would it take
the Point Reyes Peninsula to cover the distance you
determined in step number 5.

What type of landform will the Point Reves Peninsula have
become?

Review Questions

I,

3.

Describe the direcfinn of movement aiorg the San Andreas
Fault in the vicinity ot Point Reyes.

Describe the projected, long-tera future of the Point Reyes
Peninsula. >

We have projected movemeunt along the San Andreas Transform
Fault Zone into the future, now let us project into the
past. Look at ti-~ world map, ard, in your mind, slide the
Point Reyes--C-..fornia--iaja "sliver” southeastward along
the San Andrecs Fault. To what land mass might this
"sliver” have been attached?

)| ]}v
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Extension r

l.  Refer back to review question number three. Using a world
map, determine the distance the California---Baja "sliver”
must have traveled from its previous point of attachment.

2. Using the rate of one cm/yr, calculate the length of time it
has taken Point Reyes to get to its present location.

3. Refer to a geologic time chart in your text and determine
the geologic period in which the point Reyes--California--
Baja Peninsula "sliver" was attached to a differeat section
of mainland.

The density of continental rock is grnerally less than the
density of the rock making up the ocean floor. You can view the
continents as "floating™ on a layer of greater density rock.
This would be similar to a block of wood floating on water or a
block of iron floating on mercury.

The continents appear to be carried along with the movement
of the lower layer of higher density rock upon which they rest.
When a continental plate moves into an ocear p'2te, the ocean
plate, being of greater density, tends to be subducted under the
continental plate. An ocean trench 1is the vplace where this
subduction occurs.

4. The Point Reyes Peninsula 1is a northern extension of the
California---Baja Peninsula "sliver” of the Pacific Plate.
Locate this on a world map. If the Point Reyes Peninsula
and the rest of the Pacific Plate continues to move in a
northwesterly direction, describe what will happen - to it
when it reaches the trench near the Aleutian Islands.
(HINT: Point Reyes is part of a continental rock "sliver”
on the predominantly oceanic Pacific Plate.)

111
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Imaginary Continents: A Geologic Puzzle

Developed for the
NAGT Crustal Evolution Education Project (CEEP)

by
Rolland B. Bartholomew, Gene Lene, Douglas Smith and Bill White
publi red in the Journal of Geslogical Education,
Vol. 26, p. 195- 19/ 1978

Introduction

Imagine you are looking at the earth from a spaceship. Does
it look 1like South America and Africa were once joined together?
Would knowing the ages of the rocks on the two continents help you
to decide?

Geologists have been trying to find out if these continents
were joined together long ago. 'They are making many comparisons
including evidence from fossils, glacial features, ar. rock ages.
In this activity you will be comparing the ages of rocks on two
imaginary continents. You are going to play geologist. Were the

imaginary continents once one giant continent? Like other
puzzles, the solutionﬁmay surprise you!!
Objectives . . ;

When you have completed'this activity, you should be able to:
1. Find the age of rock by using a radioactive decay curve.

2. Decide whether or not two iwaginary continents might have
been jolned at one time. '

3. Estimate the unknown ages of rock units by inference.
Materials : .

Scissors
Pencil . »

Procedure

1. Look at the shape of the imaginary continents on the work-
sheet. Do they look like they would fit together in dny
way?
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2. Determine the ages of the different rock units by completing
the table below. You can find the age of each rock unit by
using the graph in Figure | as explained by your teacher.

Rock Radicactive % of Origina. Age of Rocr
Unit Elemert Mass Remaining in billjon
of vears
2
A L"38 60 x 109 vears
: B L"’S a5 x 109 vears
37 9 .
| ¢ Rb 97.5 x 107 vears
Py 1.'235 120 x 109 veurs
.o 234 . 3
- L 95 x 10 years
l 2 2?3 87.5 x 10° years

Table I. — Ages of the Rock Units
‘ 3. Using the age of the rocks recorded in Table I, draw dashed

lines between the continents on the worksheet ! to match
rocks of similar age. .
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Worksheet 1
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%

L]

Note: Rock ages support the joining of continents if (1)
rocks of the same type in corresponding parts of the two
continents are about the same age, and (2) there are many,
many rock samples of known age to compare. If the rock
types are not the same age, then the continents were
probably not joined. .

Could these two cortinents once have been one big continent
based on the ages of corresponding rock types?

4, To see 1f the continents fit, cut along the sides that you
think fit together. See if the shorelines match.

CAUTION: “When eutting out the continent Bewarland, students
shpuld not cut through the natch. The activity works better if
the continent Bewarland is not cut in half.

. Could the-continents.have fit together at one time?

~If you answered "No,” or "Don't know,” ask your teacher for a
hint. .

,
.

" The hint may be nreproduced separately and handed out to

students upon request, or it may be reproduced on the reverse szde
of the atudent worksheet .
HINT!! Everyone knows that when a puzzle is solved, the pieces
should fit together perfectly or almost perfectly. Think about
this puzzle a minute and then cut completely around each
continent. Each continent should be one complete piece. You now
have two pieces of paper. What can you do with Bewarland and rock
type X in order to make the cont%pents fit together?

~ .

What you have just done 1is similar to one* of the methods
which scientists use to suggest that continental positions may
have been different in the past.

5. Rock units D and W were not analyzed. What are their
probable ages?

Rock Unit 'D Rock Unit W

Review Questions

. What other kinds of ev1dence might support the idea that two

continents were once Joined together?

5

2, Why is it importdnt for scientists to compare correspontding
' rock types as ‘'well as corresponding rock ages when matuhing
rocks on different continents?

145
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" Extensions !

:

Read the article by P. M. Hurley in Scientific American,
listed in the References, and compare its findings with what you
have learned in this activity. (The article was also reprinted in
Continents Adrift, 1972, W. H. Freeman and Co.) Do you think that
Africa and South America were onced combined into one large
continent? - '

-

References
1 ]

Eicher, D. L., Geologic Time, Englewood Cliffs, New Jersey:
Prentice-Hall, Inc., 1976. Co -

Hurley, P. M., "The Confirmation of Crntinental Drift.”
Scientific American, 218(4):63-64, 1968,
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‘ : Earthquakes and
' " Plate Boundaries
L) . ) - C/ »
. Developed for the
NAGT Crustal Evolution Education Project (CEEP) ,
: by = - ’
Paul Lowman, Kathleen Wilkes, and Robert . Ridky,
published inthe Journal of Geological Education,
) Vol. 26, p. 69-72, 1978
L4 ) ) . s [
Introduction ‘ kY -
I ' BN
~ Why do earthjuakes occur .where they do? What - causes &
earthquakes? Are earthquakes related to any other earth

features? The earth's outer shell is believed to be made up of a
~ nudber of rigid plates, called lithospheric plates, which are from.
- 80 km to 160 km thick. The plates are pade up of the two upper

rock zones of the earth, the crust and” upper portion_of the mantle

(Figure 1).* Some plates include only oceanic crust. . Other _

plates include both oceahic and the -lighter continental crust.

These plates ride on a zone in the mantle where the rock 18 almost

melted: and therefore not rigid. An example to help you picture

this would be a block of wood floating in a bowl of honey.

In this investigation you will find that different kinds of
. both earthquakes and topography are related to different kinds of
plate boundaries.

Ob]ectives

Upon completion of this Jctivitx, you should be able to:

£

i. Explain the system used to show the location and depth of
earthquakes on the World Seismicity Map.

) [N

2, Explain the relationship between earthquakes and plate
boundaries..

3. Construct a graph showing the distribution of earthquake
depths near a coast, given the location and depth of
earthquakes,

4. Describe the distribution of earthquake depths in an area

where continental and oceanic plates collide.

5. Describe the relationship between earthquakes and ma jor
geographic features in South America. Interpret data . to
determine the type of plate boundary in a given area.

- 14;
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Materials

World Seismicity Map, compiled by Arthur C. Tarr (1974),

U. S. Geological Survey, Branch of Distribution, 1200 S. Eads )
Street, Arlington, Va. 22202. (Preferably one for each

group of students.)

Physical World Map, National Geographic Society, Washington, -
D.C. .20036. (one or more for the classroom.) .

%
“

. Colored pencils.

<

Procedure

.,
RS

A great deal of action ¢takes place alorg_ boundaries between
plates. large forces build up as one plate moves with respect to :
another. * When the force becomes too .great, the rocks snap, ;
causing an earthquake., Differént types .of movement of one plate

dagainst another may occur. Plate boundaries are the sites of much
earthquake activity. Both the pattern” of earthquake distribution

and, major topographic features are distinctive of the type of

plate boundary and motion. ‘See Figures 2, 3, 4, and 5.)

. It 18 important that etudents understand the four tyneb of Y
. plate boundaries illustrated in Figures 2-5.

Look at a copy of the World Seismicity Map. PLEASE DO NOT
MARK ON THIS MAP, other students must use it. Carefully read the
text 1in the box on the map titled “Explanation” before
proceeding. ‘

1. The dot§ on this map represent earthquakes that occnur ’
over years and months.
2. Large earthquakes are fepresented by
smaller earthquakes by .

The focus of an earthquake is the point within the ‘earth
where an__earthquake actually occurs. The epicenter of an
earthquake is the point on the earth's surface which lies directly
ahove the focus. !

3. Which of these two points 1is represented by the
location of the dots cua the map showing earthquakes?

. On the map, what is used to indicate earthquakes of a
shallow focus (0~70 km)? . __ intermediate,
focus (71=300 km)? ___deep focus (301-700 km)?
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Scientists believe that zones of frequent earthquake aciivity
are the result of movements taking place along plate boundaries.
Many earth features are associated with plate boundaries. Look at
where the earthquakes are located on the World Seismicity Map.
' Then look at where ocean ridges and trenches are located on the
Physical World Map.

5. List at least two major ocean -floor features which secem
~h to coincide with the 1location of major zones of
parthquake activity: > ' ’

+

6. W :re do most of tﬁe earthquakes occur 1in South
America? ) List one continental -feature
which seems to be related to earthquakes,

Data about the location and depth of earthquake activity
along the west coast of South America near the Tropic of Capricorn .
Pare given in Table 1. :

" 7. Plot these data on the graph of worksheet 1, and then
L O
answer the questions which follow.
. . 8.  Déscribe the relationship between the location and the
: depth of focus of earthquakes along the coast of South
t . qgfrica as shown by your graph.

9. Compare your: graph with the types of plate boundaries
shown in Figures 2, 3, 4, and 5. Describe the type of
ot ' " -plate boundary which yau think’ is present along the

b

o west coast of South America.
Follow the zone of eérthquake activity northward from South
e " America past- Central America as shown on_ the World Seismicity Map.

10. Where does the plate boundary appear to change?
11.  Offer a possible explanation for this change. J

. Summary Questions

‘1. From what you have learned in this 1investigation, draw a
' ©  ¢ross section of what you think the profile of.the continent
) and ocean plate boundary- might look like along the west
¢ coast of South America. (Hint: 1look at Figures 2, 3, 4,
' “and 5.) On this sketch, show and label rhe location of the
deep Chile-Peru trench anfi the volcanic mountains of the

, Andes. -

7
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Table |
Data for use with Worksheet 1 ~

¥

Dpth
(km.)

50
300
385

60
125
200
690

25
500
515
380

50
3G0
485
660

90
520

90
440
640

50

75

Distance (km.) .
and direction

from coast

L

0
100 East
450 East
80 East
250 East
70 East
400 East -
40 West
700 East
385 East
340 East
100 East
500
280 £ast ™=
550 East ™
90 West
200 East
25 West
600 East
660 East
100 West

AP0 West - Py
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Figure 4 Piates .1th continental crust may collide with one
another
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2. In -what way 1s the plate boundary along the coast of
California different from the plate boundary along the west -
coast of South America?

Extensions w

- ]

l, What type of plate boundary do 'you think would best account
for the type of earthquake activity found in California?

2. Locate three other areas on the earth's surface which would
. most likely have plate boundaries similar to the one in
. " South America. Explain the reason for your choices.

3. Locate three areas on the earth's surface which appear to
have boundaries similar to the kind shown in Figure 2,

4, Locate one area on the earth's surface which appears to have
boundaries similar to the kind shown in Figure 4,

References
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Which Way Is North?

Developed for the
NAGT Crustal Evolution Efucation Project (CEEP)

by
Myrl Beck, Robert Christman, Garry Jones,
Maurice Schwartz, Richard Powell, and larry Johnson,
published in the Journal of Geological Education,
Vol. 25, p. 141-145, 1977

Introduction

You would expect a compass to show the directions toward the o
magnetic north and south poles. However, while continents can
drift or move around, can you depend on the two poles to stay in
the same location?

Over long periods of time, the earth's magnetic field
changes. Using what you know about paleomagnetism ("fossil"
magnetism); together with measurements of magnetism that have been
made at sea, it is possible to find out a great deal about
movements of the earth's crust. In the investigations that you do
here, you will be duplicating one line of evidence that scientists
have followed in working out the, history of crustal changes.

Objectives

When you have completed this group of activities you s'would
be able to:

l. Identify one of the instruments by which the earth's
"magnetic field is studied.

2. Tell one way in which the earth's magnetic field changes.

3. Tell why the study of magnetic patterns on the sea floor is
useful.

v

4, Tell where the older and vounger parts of the sea floor are
located.

5. Figure out in which direction the ocean floors are moving,
and how fast.
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Part A. Which Way Is North.

e

Materials - =

Bar magnet
Compass
10 Boxes each with a bar magnet inside

Procedure

l. Can you and VYour classmates figure out which way is north?

. What part of the room is on the north side?

2. Examine the compass your teacher has given you. What colors
are at each end of the compass needle?

3. The end of the needle tha: points to the north is
(color). .

. FEven in a set of identiecal ~ompasses purchased at the same
time, the. colors of the north-seeking end of the compass 1will
vary, 8o students should be encouraged to check their compasses
eact: lay before proceeding.

For all of these activities, the bar magnetes should be
labelled so that the north-seeking end of the compass will point
to the novth end of the magnet. In that way, the bzr magnets will
be like the earth's magnetic field.

If students question this arrangement, point ouf that it is
merely an artificial means of making the bar magnete resemble the
eartn's magnetic field, as should become plain later in the
Investigation.

Put your magnét on the paper so that north is at the top and
south is at the bottom.

4, Which end ot your compass points' to the north end of the
magnet? (color).

5. Which end of your compass points to the south end of the
magnet? (color).

he Look at the pile of five boxes that has been put out for you

to work with. Imagine that each box is a layer of igneous
rock, like an old lava flow that cooled and hardened on the
surface of the earth a long time ago. The ages of some of
the lavers are known and are given to you in the diagram
below. Since the magnetic field stayed the same in each

13,
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-7
layer as it was at the timé each layer was formed, you can
tell where the magnetic north pole was located by testing
these layers of ‘rock with your compass.

Using your compass, find the magnetic north and south pole
directions in each layer and label the diagram below to show these
directions, .
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Starting with the magnet in the top box oriented with the end

which ie labeled North to the right, the bar magnet 18 oriented in
the opposite direction in each successively lower box.

Discuss with the others in your group what you found out
about the magnetic north and south directions in these boxes.
What ynu have found is what geologists have found in layered rocks
at many places around the world. Now answer these questions.

* 7. Since these are old lava flows that piled up on the surface
on the earth and cooled to form layers of hard rock
Which is the oldest layer?
Which is the youngest layer?

" 8. What did you find out about the magnetic north and' south
pole direction in each layer? ‘

9. What do you think happened to layers of rocks around the
world to cause what you found?

Note that there are actually three valid hypothetical answers
possible here: (1) the magmetic poles miy have changed places
(reversed) each time a layer of rock was ‘ deposited; (2) the
continent upon which these rocke were deposited may have rotated
180° between the times of deposition of ecach rock layer; and (3)
the magnetic polarity of the rock layers may have reversed iteelf
within the layer. At this point a clase discussion of the nature
of magnetism and the Earth's field and ite variations might be
useful.  Briefly, poseibility (2) is unlikely because of the
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rapidity of the total number of rotations which would be required;
while possibility (3) is unlikely because of the regularity of

altermations in successive layers, the similar polarity of rocka -

of thz same age throughout the world, and the determination that
sel f-reversal, while possible, only oceurs <if extremely rare
combinations of magnetic minerals are present in the rock.

There is a name for this. It is called polarity reversal.
When the north magnetic pole is located near the geographic north
pole and the south magnetic pcele is located near the geographic
south pole, we call the earth's magnetic field normal. When the
two magnetic poles exchange places, we call the earth's magnetic

.field reversed.

Part B. Does Polarity Change In The Ocean Floor?
Materials

Compass
boxes

In this part, two identical stacks of bozzs, each containing
magnets arranged as in Part 4, are used. The rise and spreading of
new czrustal material along midocean ridges can be eimulated by
vlasing the stacke'on the floor between two desks, and lifting the
boxes up to thz two dezks ome pair at a time. N

Procedure

You have found out” that the record of magnetic north and
south pole directions is preserved when layers of rock are formed,
even though polarity reversals are taking place. llow, let's look
at how these same polarity reversals are preserved in the rocks
that are forming in the middle of the mid-ocean ridge.

In this investigation, the hoxes in the startiag position
represent the rocks forming in the middle of a midocean ridge. As
they move outward (sideways), and are replaced by newer rocks,
thev become a part of the ocean floor.

l. Find which end of your compass needle points to the north
end »nf vour room, Using the compass, find the magnetic north
and south pole directions in each box and label the diagram
to show these directions.

.“q .

[ / 1L
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magnetic north end of your room
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Do the same thing again, each time your teacher adds another

! set of boxes. )

. The arrows show which way the boxes are being moved. ’,
. 2 .

ww

] ? 1
mag:ietic north end of your room

5. Draw a map view of polarity direction preserved in the ocean i
floor on both sides of a mid-ocean ridge as it would look
for the last set of boxes. A map view is what you would see
if you were looking down at the earth.

6, What would happen if the ocean floor kept spreading away
from a ridge while the earth's magnetic field kept
reversing?

o7

Part C. Do Magretic Reversals Form A Pattern?
‘Materials
Ruler

Procedure

In this activity, you are going to act like geological




e

oceanographers on a cruise, collecting magnetic data as vou sail
in a zig-zag pattern across the north Atlantic Mid-Ocean Ridge
_just southwest of Iceland. The information used here is part of
the- actual data collected by geologists who used an instrument
called a magnetometer. The magnetometer was carried aboard a U.S.
Navy plane in a magnetic survey of that area. It does not have a
compass needle that really reverses. It measures high and low
intensities in the magnetic field that show where the normal and
reverse areas are located.
. 3
1. On the map that follows, locate each station by latitude and
longitude. Station 2 has been plotted as an example.

T

Magnetic
North  West Fleld
Sfation Latitude Longitude Orientation Symbol Age*

1 580 260 Reversed X
¢ 2 580 29.0 Normal .0 10 My
3 585 295 Reversed X
4 58.5 310 Normal 0 Present
5 590 315 Reversed X
6 60.0 32.0 Normal 0 10 My
7 610 330 Reversed X
8 605 310 Normal 0 10 My
=~ 9 60.0 300 Reversed X
10 600 29.0 Normal 0 Present
1" 595 285 Reversed X
12 590 275 Normal ~ 0 10 My
13 58.5 260 Reversed X
14 59.0 250 Reversed X
15 600 240 Reversed X
16 610 245 Normal 0 10 My
17 610 a55 Reversed X
18 815 26.0 Reversed X
19 615 265 Normal 0 Present -
20 620 275 Reversed X
21 620 285 - Reversed X
22 620 290 Normal 0 10 My
23 625 305 Reversed X

My = miilion year’s

2. After vou have marked all of the normal and reversed symbols
and the ages that are given for some locations, draw one
straight line with your ruler that will connect all the
stations where the rocks are of present age. THis will
separate the groups of ten-million-year-old rocks. Draw one
straight line ‘through each group of ten-million-year-old
rocks. Then answer the following questions. ’

a. Where do you think the Atlantic mid-ocean ridge s
located on your map? What is your roason? “

b. What pattern do you see on vour map?

c. How do you explain this pattern?

15,
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3. If the ocean floer on each side of the ridge is moving, draw
arrows on your map to show in what direction the different
parts are moving. How do you know this?

4, If a car traveled 100 miles in two hours, how fast was it
going (miles per hour)? How can you find out how fast the
ocean floor is moving on each side of the ridge?

5. Find the rate” (in ceuntimeters per year) at which the ocean
floor is mnving in the area of this investigation,
(Remember that one kilometer equals 1000 meters, rand one
meter equals 100 Ccentimeters. Therefore, to convert
kilometers to6 centimeters, you must add five zeros to the

. number of kilometers.)

£

Summary Questions . B - 3 <

1. You have looked at just a small portion of the approximately
64,000 km of mid-ocean ridges that run through the world's
ocean bdsins. Do you think that what you found southwest of
Iceland would be found alongside the rest df the ridges?

2. How far out from the ridge area that you studied here would
,ou expect to find the magnetic reversal patterns ;on the
ocean floor? ?

3. As you go away from a mid-ocean ridge, how do you think the
age of the bottom-most sediment on the ocean fleoor would
" change? 7

b, lay two pieces of paper s}de’by side, overlapping just a
little bit. Put your . finger at the top (where the two
overlap) and spread the papers‘apdrt, slowly, at tthPottom.
llow answer this question. The Atlantic Mid-Ocean Ridge runs
from near the Arctic Circle at Iceland down to and across
the equator. How would you expect the spreading rate near
the equator. (what you calculated in this activity) to

compare with the spreading rate near Iceland?
. !

Extensions”

You found a spreading rate for the ocean floor just southwest
ot  ITeceland. Now measure the distance, im  kilometers, from
labrador to Great Britain on a map. Can you figure out how long
tgn North America and Kurope would have had tn have separated in
order to get that far apart by now” Compare the number of years
that you get for an answer with a geologic time scale to sce what
geologic period your answer would falt in.
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Sea—Floor.Spreading and
Transform Faults

Developed for the R
NAGT Crustal Evolution Education Project (CEEP)

by
Ronald E. Armstrong, Paul J. Fox, and Warren E. Yasso
published - in the Journal 2£ Geological Education,
Vol. 26, p. 19-21, 1978
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Introduction ’ .
. Materials needed include wall maps of world seismicity and of

* sea~floor topography of the Atlantie Ocean (preferably one of each
for every 10-12 students) and a cardboardwand-paper - gea~floor
spreading model (ome for 'each pair of students). Any maps showing
Atlantic Ocean sea floor topography and world sei mieity are
satisfactormy. Ome example of each is: ‘

Ocean Floor Relief Map of the Atlantiec (1973), Nr. 025 ', National

Geographic Soctety, P.O. Box 2806, Washington, D.C. 20013. Cost
s2. ; .

World Seisrrricity‘Map, compiled by Arthur C. Tarr (1974), U.S.
Geological Survey, Branch of Digtribution, 1200 S. Eads Street,
Arlington, Va. 22202. Cost $1.50.

The gea-floor epreading device -may be comstructed by the
teacher ahead of time, or it may be constructed by students as a :
group activity. It comeists of two parts -- a re-usable cardboard B
base and an expendable paper overlay (see Figurecs A, B and 3).

s . The base, approximately 9 z' 12 inches in stae, can be cut
Jfrom any stiff cardboard, such as a eorrugated cardboard carton.
“Two glits, approximately ¢-1/4 inches in length and 1/6-inch wide,
are cut into the base, as shown in Figure A. -

The overlay is made from an 8-1/2 x 11-inch gheet of papenr,
labeled as shoum in Figure B, and reproduced in quantity. Cut the
paper down the 'center and then tape the end together with two
* ._short etrips of masking tape as showp.

L}
To prepare the model for use, place the overlay lengthwise )

on the ecardboard base. Hold several 3 xz 5 index ecards to- « , ,

gether and push the paper overlay into the two slots until

each pair of lines labeled MAR (for Mid-Atlantic Ridge) meets

at the slot. The model ie then ready for student use. -

h§< ‘
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Figure B — Teac’\er tnstructions forpreparing8°; <11~ -inch paper
overiay for sea-floor spread.ng dewce Overiay should be labeled
as shown «n toldface type

Figure A — Cardboard pase of sea-flocr spreading mcduie
2

“

This module should take only one 45-minute clase pemod if
the model device is prepared ahead of time.

When. scientists first mapped. the mid-ocean ridge {n the ,
Atlantic Ocean, it seemed like a fairly regular submarine mountain S
range. But, in 1953, Marie Tharp discovered that the Mid-Atlantic . 4
Ridge is split down the middle. Further mapping showed an even

imore curious thing - the ridge isn't a continuous line of
mountains! At many places the ridge is offset. From the end of

" one section, you have to travel east or west to find 'the next
section. ‘

Scientists today have come to recognize mid-ocean ridges as
" places where a process called sea-floor spreading is taking place. ) |
. , In this process, new oceanic floor is created by the cooling and
> . solidification of hqt molten rock material., This hot material
rises along the ridge at the same rate as thL two sides of the

rtdge are moving apart (Figure 1). '
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Figure 1 - Sea floor spreading New oceanic fioor is created as
the twe sides of the ridge move apan

Figure 2 shows how two sections of ridge are separated from
each other. The line along which they are separaced is called a
fracture zone, This is a zone where blocks of rock have moved--
past each other. This movement causes earthquakes. Earthquakes
in and near the ridge areas show that t’. blocks of rock are still
moving today. Exactly how is the movement taking place? What
does this movement tell us about plates? ‘

Figure 2 — A mid-ocean ndge offset by a fracture zone Ar-- vs
show the apparent direction of relative movement along the
fracture zone

Objectives

When you have completed this investigation, y« . should be
able to: :

-~

1. Describe the direction of movement of the sea floor on either
side of a fracture zone.

2. Describe the relation between sea-floor spreading and fault
motion along fracture zones.

Explaln why earthquakes usually happen along only a part of
a fracture zone, and give the correct name for this zoue.

1 7(‘ 5




to doing this module, students should have already

hee “iar it the basic types of faults (nmormal, reverse,
ud  etr. z-glip). fdeally, theu should have mnipulated
block models of these jaults to lear: how rock bodies move

.L.v2 to each nther in each type of faulting. s

Studente should also have a general «mowledge . about the
tor miphy of the sea floor, iIneludirg mid-ocear ridges ini
fracture zones.

Materials
Map of the Atlantic Ocean Floor
World Seismicity Map
Sea-floor spreading device

Procedure

1. Look at the map of the Atlantic Ocean Floor and find the
Romanche Fracture Zone. It is at the equator between
eastern South America and western Africa.

Make a sketch to show the entire length of the Romanche

Fracture Zone and the sections of Mid-Atlantic Ridge just

above and below it.

2. lLook at the World Seismicity Map and find where the
Remanche Fracture Zene is along the equator. Study the
carthquaka2 patter. ‘along the fracture zone. d
(a) On your sket¢h of the Romanche Fracture Zane, place

dots where earthquakes have occurred.

: (h) Write 1 senténce telling where the carthquake nattern
nccurs relative to the sections of Mid-Atiantic idge
just above and below the fracture zone.

3. Study the sea-floor spreading device at your lab -station.
The central long $lit running lengthwise along the paper
worksheet represeats a fracture zone. The sections of
Mid-Atlantic Ridge {(labeled MAR) are above and below the
fracture zone. Label the central .slit line, "fracture
cone.”  Write a sent€nce that describes how the sea-floor

spreading device should be oriented so that it shows the
same arrangement of firacture zone and Mid-Atlantic Ridge
secticns as the diagram which you drew of the Romanche
Fracture Zone. \

Se {a) On your sea=floor gpreading device draw a short line
across the fracture zone to the left of the lower
i section of the Mid-Atlantic Ridge. label both ends of

the line "A" (see Figure 3),

, \,1-“ \ 1(381()‘6
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5.

Figure 3 — Sea-floor spreading device labeled as indicated in the
instructions  Note the :nanner in which the d~vice 1s t0 be
operated

(b) Make a similar line between the section of Mid-Atlantic
Ridge. Label both ends of the line "B."

(c) Make a similar line to the right of the upper section
of Mid-Atlantic Ridge. Label both ends of the line
'IC.II

Work with a partner who will face you on the other side of
your lab table. Both of you should grasp the worksheet as
shown in Figure 3. Now, both you and your partner should
pull your ends of the worksheet slowly toward yourselves.
CAUTION - stop pulling before the paper loops come out of the
cardboard! As you both pull on the worksheet, look to see
which parts of the fracture zone are moving past each other
and which are not. If necessary, pull the paper loops back
down through the cardboard and repeab the procedure.

(a) Make a sketch to show how each set of labeled lines (AA,
BB, and CC) are moving.

(b) Based on your sketch, write a sentence that describes
the portion of the paper which is moving in opposite

Po——
]
i
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directions on either side of the fracture zone. This
portion of a fracture zone is called a transform fault.

(¢) The paper worksheet ,represents the Romanche Fracture
Zone and sections of the Mid-Atlantic Ridge. Write a
sentence that describes what part of the real Romanche
Fracture Zone is related to the earthquake pattern on
the fracture zone.

(d) urite a sentence that tells how the transform fault
part of the Romanche Fracture Zone is related to the
earthquake pattern on the fracture zone.

Summary Questions

ERIC

1. Decribe what happens to a mid-ocean ridge that is cut by a
fracture zone.'

2. What is a fracture zone?

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

4. Describe the direction in which the sea floor spreads.

5.  Did ". sea-floor spreading change the position of the
Mid-Atlantic Ridge sections in your model?

6. Why do earthquakes occur only on the transform fault part of
a fracture zone?

7. Define the term “transform fault.”

Extcnsions

Study physiographic maps of the Arctic, Pacific, and Indian
Oceans, such as those found in the National Geographic series on
the ocean floor. Describe the location (latitude, longitude) of
ma jor shifts in the mid-ocean ridge where it crousses a fracture
zone. Do these locations correspond with earthquakes on the
transform faults?

Students will find that earthqua®e zones do correspond with
trimsSorm fault locatione throughout the world. They will
aleo nmote that the dire~tion of offset of ridges by
transform faults ise in some cases just the opposite of the
2of feet in the vieinity of the Romanche Fracture 7one which
Wi cxamined in Jiils cnoestigation. In every case,
hovoo r, Lhe relative motiorn of the ocean floor on either
gide of ths rrwsform fault s Just the opposite of that
sy, Ated by the ridge offset.




Have students turn the worksheet upside down and set it
into the cardboard which has aleo been turned upside down.
In thie way they will be simulating a part of the mid-ocean
ridge where the segment of widge opposite to the viewer ig
offeet to the right relative to the segment nearest the
viewer.  Students Jould then repeat steps 4 and 5 of the
procedure and compure resulte with those obtained from the
original configuration of ridge segments.
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How Fast Is The
Ocean Floor Moving?

Developed for the
NAGT Crustal Evolution Education Project (CEEP)

by
Arie Korporaal, Craig Huff, Gaylen Carlson, and Tracy Vallier,
published in the Journal of Geological Education,
Vol. 26, p. 104-107, 1978

Introduction

Many earth scientists believe that the continents of Africa
and South America were once joined together. What is the evidence
for this belief? 1f it is true, how long has it taken for these
two continents to break apart and move to where they are now? Are
other continents moving?

One way to answer these questions is to study samples of
¢tediment (loose rock, mineral debris, plant fragments and animal
shells which have settled out of water) taken from the ocean
floor., In these activities you will wuse sediment data as
scientists do to determine how fast the ocean floor is moving.

The deep sea sediments were obtained by the Glomar
Challenger. The Clomar Challenger is a specially designed
drilling ship that can obtain samples of sediment and rock from
the floor of deep ocean basins. It recovers both sediment and
rock cores. A core is a cylinder of sediment or rock obtained by

using a hollow drill. In many cases, scientists must drill
through hundreds of meters of sediment before reaching the solid
Igneous rock of the ocean floor. The igneous rack forms by

cooling and hardening of moltea rock material. It represents the
“floor” upon which the sediments scttle.

17',
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Objective

When you are finished with these activities, you should be
able to:

1. Make and interpret graphs which show the relationship
between sediment thickness and distance to a mid-ocean
ridge.

2. Make and interpret graphs which show the relationships
between the age of deep sea sediments and the distance to 4
mid-ocean ridge.

3. Form hypotheses about sea-floor movement based on data from
sediment cores.

4. Calculate the rate of movement of the ocean floor, given
¢~ra  on sediment thicknesses, ages of sediment, and
locations of the drill sites.

Part A. What Do Deep-Sea Sediments Tell Us? '
Materials

One or two coples per class of the Map of the Pacific Ocean
Floor which can be purchased from the National Geographic
Society, Washington, D.C. 20036.

A Metric Ruler for each student group.

Procedure

The data vou will be using 1in this activity are based on
aeasurements from sediment cores. The Glomar Challenger drilled
these sediment cores near the East Pacific Rise. The Fast Pacific
Rise 1is part of a 64,000 km-long mid-ocean ridge- system.
Mid-ocean ridges are thought to be places where the process of
sea=i{ioor spreading, which results in break-up and separation of
continents, takes place. Below is a map showing where the cores
were drilled.

Table | contains data about position and thickness of deep
sea sediments lying on top of the igneous rock of the ocean floor
and the age of the sediments immedfately above the igneous rock
(bottom sediment).

1. Using the sediment thickness data from Tahle 1, complete the
top graph on Yorksheet 1. Plot distance to the East Pacific
Rise along the horizontal axis. Plot sediment thickness
along the vertical axis. Do not plot data from Site 84 at
this time. This site is unusual, and you will plot it
later.

|
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Figure 1 — Glomar Challenger Deep Sea Cores Leg 9. December
1969 to January 1970 (Modified from Hays. J D, and others.
1970. p 12. with permission.)
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Pacific
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gy " 2,000 kn 254 m R 3

Table 1 — Glomar Challenger Deep Sea Cores Leg9 December
1969 to January 1970 (Modified from Hays J D. and others

1970.p 12)
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WORKSHEET 1
(PART A)
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3. Explain what’ your graph and sketch mean.

4, Does your graph of distance versus sediment thickness lend
support to the sea-floor spreading theery? Why or why not?

5. Plot the age of the rocks at the bottom of the sediments in
the lower graph of Worksheet 1. For each drilling site
number, plot the distance to the ridge center -along the
+horizontal axis. Plot bottom sediment age along the
vertical axis. Do not plot the data from Site 84 at this
time. This site is unusual, and you will plot it later.

. - Tne graph of bottom sgediment age should be virtually a
straight line. The "bottom age" data i the agé of the
bottom-most ‘sedimente lying in eontact with the basaltic ocean
erust. The age, therefore, represents the inferred age of the sea
floor (or cerust) at a particular gite.

~

6. Explain what your graph shows about the relation of bottom
sediment age to distance to the middle of the East Pacific
Rise. ’

7. Does your graph 1in question 5 support the theory of
sea-floor spreading? -

8. Now plot the data from Site 84 on both of your graphs
(Questions 1 and 5).

9, Let's be sure you understand why Site 84 is unusual. From
Table 1 you can see that Site 84 is located almost the same
dAistance from the middle of the East Pacific Rise as Site

But the Site 84 points you plotted on your graphs are
not .near the points for site 79, From the first graph you
car see the sediment at Site 84 is not as thick as expected.
In the second graph, you can see the age of the sediments {is
less than expected. Something really is unusual at Site 84
on the core map. Determine its Incation on the National
Geographic map of the Pacific Ocean Floor (your teacher has
a copy). Sketch on the core map any feature of the National
Geographic map which might help explain the unusual data
from drill Site 84.

The fact that the data appear anomalous (do not fit the pattern)
suggests that the sediments at Site 84 may be influenced by their
proximity to the Cocos Ridge. If the Cocos Ridge. is a spreading
center, the sedimente do "fit" and further support the theory.
Studente chould ~ketch in the approximate position of the Cocos
Ridge on the core map.

10. Assume that each drill core costs about $1, 000,000 to

complete. You have just received $4,000,000 to drill new

-
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cores. You are in charge of the drikling ship. You need
more information to explain the unusual data at Site 84,
Where would vou locate new drill sites?  Show your drill
sites on the core map and explhin the informat on you hope
to gain at each new site.

Part d. How Can Sediment Data Be Used To Determine The Rate 0Of
Movement 1f The Ocean Floor?

Materials
Metric ruler
Some stulonte may weel help in converting kilometers to
rentimotars (179 *m/m ri1N00 m/em=100,000 em/km or 1 x 10(5)
2m/km) .
Procedure
Suppose a car starts from a given point and is driven for 10
hours in a straight line. At the end of 10 hours Lt is found to

have traveled 50 km. How fast did the car move? You know that
rate equals distince traveled divided by time, or

kate - Distance
R Time
theretore, .
Rate = O0km = 5yp per hour
10 hours

You can use this same formula as vou investigate ocean-floor
movement ., '

i. bsing Tabie 1 you can see that the bottom sediment at Site
77 is 36 million years old. What is the rate at which the
ocean floor moved to carry the bottom sediments 3,359 km
from the middle of the Eas® Pacific Rise? Write your answer
in centimetors per year.  (You can ask your teacher to help
vou if you have difficulty changing kilometers to
centimeters.)

7 2. Imagine that the Glomar Challenger drilled a core 7,100 km
west  of  the East Pacific Rise. How old would you expect
those hottom sediments to he? (HINT: You will have to
change the formula to read time cquals distance moved

. divided by the rate.)

ERIC
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3. Examine Table 2 below. You can see that the average
movement rate for the first 10 million years was 6.5 cm per
vear, For the next 10 million ycars the rate was 11.5 cm
per year. What do the different movement rates indicate?
Has the Paecific- Ocean floor near the East Pacific Rise moved
at the same ratc all through its history?

4, Measure your h~ight in centimeters. How long would it take
the East Pacific Rise to move the same distance as you are

tall? -
Time interval Average mcvement rate
0-10 million years 6.5 cm/yr.
19=20 million vears 11.5 cm/yr.
20-37 million vears 9.4 cm/vr.

Table 2 — Rates of sea-floor movement west of the East Pacific
Rise

Summary Questions

1. Scientists think that the process of sea-floor spreading
occurs in the Atlantic Ocean just as it does in the Pacific.
Core samples have been drilled in the Atlanctic Ocean floor.
Do you think bottom sediments drilled near the North
American continent are older than the sediments drilled
near the Mid--Atlantic Ridge? Explain your answer.

2. Could you figure out how fast the East Pacific Rise 1is
moving if you didn't know the agc of the bottom sediments?
Why or why not?

Extensions
rrctend you are a scientist who does not believe the theory

of sea-floor spreading is correct. Make 2’ ernate hypotheses to
explain the data. How would you explain rthe sediment thickness

i data?

Put your arguments in written form and "publish" a scientific
article so that your classmates can read it. Persuade other
students to propose different hypotheses and write articles
explaining their theories.

This can be the most exciting portion of the lab. FEncourage
students to offer hupotheses that explain the data.

You can improve their writing ekills by asking them to write

ra
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Aruitoxt provided by Eic:

R
an article a8 if it were to be published in a scientific
Fourmal. Have them oeireulate it to other membere of the
class. Twe oriling  of one's ideas anld explaining them to
cllegues  often enhinces understaniling of the originel
aoneaept In questione ) -

“

Jtudents should be nncourzéed to of fer their .owm hypntheses
3 explacn the data presented in this module. It may be
difficul* to Jdo, but it rean be and has hgen done most
notahly by 1 Joviet geologist, Belossov, and the Americin
poteoloum geologiat, Meyerhoff. Syntheses of their
rgureats can he Found in Sullivan's book listed in the

retorencaeg,

1 point mizht vell be made here. Any single piece of dara
preseatel in this *module .by itself does not necessaré]y
"rrove the theory of s83-floor spreading. It is the sum/nf
all obgservable evidence, 1:luding much not presented here,
that makze such 1 strong case in favor of the theory. It
ghoul-l be pointed out, however, that -me of the strongest
singlz pieces of dat1 supporting the theory of sea~floor
spreading +*s “he obsgrved magnetic anomalies coupled with
age datia; of the corresponding rocke.
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Fossils As Clues
To Ancient Continents

Developed for the
NAGT Crustal Evolution Education Project (CEEP)

. by
“Keith M. Schlarb, David H, Elliot, Victor J. Mayer,
. James W. Collinson, and R. sun McQuillan,

published in the Journal of Geological Education,
Vol. 26, p. 155-199, 1978

4

Introduction

In the early 1900's a famous English explorer, Captain Robert
Scott, made a surprising discovery when exploring the cold and
forbidding continent of Antarctica. Captain Scott describes the’
discovery in his diary in this entry for February 8, 1912:

) We found burselves under perpendicular cliffs of Beacon °
sandstone, weathering rapidly and carrying veritable
coal seams. From the last Wilson, with his sharp eyes,
has picked several plant impressions, the best a plece,
of coal with beautifully traced leaves in layers, also-
some excellently preserved impressions. of thick stems
showing cellular structure...

" This was written upon Scott's return from the South Pole.
The coal seams and plant- fossils had been found at the base of
Mount Bowers at the head of the Beardmore-Glacier. \

Geologists generally suppose that coal is formed in temperate

or tropical regions. How could it have formed in Antarct1ca which
1s now almost entirely covered by glacial ice?

Objectives . N

Upon conmpletion of this activity, you should o: able to:

1. Tell how rocks indicate the environment in which they were
formed.

2. Use superposition to determine the relative ages of rock
units. .

3. Use fossils to correlate rockcunlts.

4. Describe evidence which supports the theory that cercain
continents were once joined together.

%
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Part A. What Do Rocks Tell About Past Environments?
‘Materials

One set each of six ro-k samples and six rock=-type cards per
student group (1-4). The rocks needed are basaltic lava,
marine saadstone, fluvial sandstone, shale, tillite and coal.
All may be obtained from most earth science supply houses.
However, many of the rock types may be available locally, or
alvready on hand. Specimens need only approximately match the
characteristics listed in the module. 1In place of tillite, 4
conglomerate with some angular grains may be used. The

4 teacher should reproduce the rock-type cards ahead of time
using the key provided, cut out the syribols and paste them on
individual 3 x 5 cards.

A )
XKEY TO ROCX TYPES
pl 1 ]
X XXX XXX ¥ xx x ¥ 1
XXX XY 2 x an XX, b
XXX X XXX X XX &
iX\X)YX)!Xf XX
X AX XX XX Y ¥¥ XX
XU X 0 Xy x X ¥ ox X
L L .
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Q \
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‘ﬁi {7
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| —= - - oL o060 0 060 0 0 o
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et [l , 8 &6 &6 & & 06 06 ¢ o
L.. — - - —::O.....OOO
——d L
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P
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Procedure

A geologist is a scientist who studies rocks and what they
tell about the history of the earth. Your teacher will provide
you with six rocks that have been identified and descrihed by
geologists.

I. Identify each of your rocks. You will have one of each of
the following:

Basaltic lava was formed from molten rock.that erupted from
volcanoes or from long cracks in the earth's .rust. It is
dark and so fine-grained that you will not be able to see
indivicdual grains. It may have round holes formed by gases
released from the molten rock and then trapped in the lava
as it hardened. A

Marine sandstone was formed from sediments deposited in a
sea or ocean. Usually it will contain only quartz grains.
Inaividual grains will all be of about the same size.
Fossils will be of animals that lived in salt water.

Fluvial sandstone was formed from sediments deposited in the
bed of a stream. It may have minerals other that quartz,
and the mineral grains will be various sizes. If there are
any fossils, they will Y of land plants or animals.

J

Shale 1is a very fine-grained rock formed from clay or mud.

—

It .11 show some layering.

Tillite fis a rock formed from sediment “eposited by a
giacier. These rocks may have a wide variety of grain sizes
and minerals., Many of the grains will be somewhat angular,

Coal is formed from the remains of trees and other plants
that grew 1in swamps. Cnal will be black and may have
fossilized leaves and plant stems.

2. After you have identified each of the six rocks, place them
on the card which has the correct symbol representing the
rock. HAVE YOUR TEACHER CHECK YOUR ROCK IDENTIFIICATION
BEFORE YOU CONTINUE WITH THE ACTIVITY, Notice that each of
the symbols on the cards is used in, the Rock Columns Chart
provided by your teacher. Remember what each symbol means
and also the kinds of conditions under which each rock type
was deposited.

3. Apply the »rinciple of superposition to the South Africa
rock column of the Rock Columus Chart (Worksheet 2). Which
rock layer is the oldest? Which layer is the youngest?
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Aruitoxt provided by Eic:

What was the environment of Antarctica like whea the marine
sandstone was being denosited? What was the environment
like when the cocal was being deposited?

Does the present environment 1in Antarctic. differ from
either of those you described in question 4 above? If so,
how does it differ? Could coal bhe forming in Antarctica
today?

Locate India on the map. What type of clims.e do vou think
India has today”?

Now examine the rock column for India. Could rocks similar
to those represented by the rock columns be torming in India
today? Which ones? Could tillite be forming today?

Thz one rock that is definitely not forming in India
tody ie tillite. Tlaziers could be fourd only in the
Himalayas. The rocks in this rock colurm were found farthe»
south and orver an extensive area. They imply that almost
the entire country was ecovered by ice. A similar
environment 1is not possible today beecause of India's
proximity to the equator.

You have observed that both India and Antarctica have rocks
that were formed in environments that were much different
from the environments in thosec two places tnday. List as
miny explanations as you can to account for this situation.

The major idea that students should understand at this
point s that at ome time the environments of both
nontinente were quite different from today. Students should
he enzouragad to list any and all possible explanations.

Examine the rock columns from all four areas. List each
similar order of rock layers that you can find.

Oue similarity that you will have noticed is the presence of
hasalt at the top of cach of the rock columns. How 1is
basalt formed?

Can vou tell whether the basalt in each of the areas was
formed at the same time? Explain. How about the coal?
¥xplain.

Fmphisize  the poine  that, with  the  {nformatiom
mailable, 1t cannot he determined whether or not either the
hagalt lavas or the coals formed at the same tive. The

M b Loth of these questions is no.

15;
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Part B. How 0ld * -e The Rocks?
Materials

Colored pencils
Worksheets | and 2

Procedure

You fouud out in step 11 above that you really could not tell
from the information provided you whether layers of similar rock
types from different areas were formed at the same time. If you
could find out the ages of these rocks, then you could determine
whether the same environment existed in 311 four areas at the same
time. You could also learn whether the environmént changed in the
same way in each of the four areas. This would certainly tell us
something interesting about the history of the areas.

To determine the age of a sedimentary ro:k, fossils must be
present. Each fossil species is always the same age wherever it
occurs. In this way, the age of the rock that contains the fossil
can be determined. All rocks containing that fossil are the same
age even 1if found in different places and even Iif they are
different kinds of rocks. Matching the ages of rocks by using
fossils is known as correiation,

The plart fossils found by Scottis expedition have beer
identified by geologists as be'.onging to the genus Glossopteris.,
These plants have been found in coal seams -in many places around
the world. Glossopteris is Permian in age.
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Figure 1 — The Glossoptens olant lived dunng the Pe:mian age.
about 270 million years ago (Redrawn from Hurley, P M, 1968.
Scientific American)
I, The rock columns are from four different sreas. Locate

these areas on the outline map of the world (We.ksheet 1)
and label them.

2. Color in each time period in the time scale of the Rock
Columns Chart (Worksheet 2) with a different color. These
distinctive colors will then be used to mark the ages on the
four rock columns. Color in the beds containing the
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Glossopteris  fossils with the color indicating Late
Carboniferous or Permian. Place a "G" on your world map
where Clossopteris has been found. .

How can you explain the presence of Glossopteris in four
such widely spread areas?

Supporters of continental drift have used the presence of
Glossopterie as evidence of the formar eontiguity of the
four areas.  They argue that the plant could not have
migrated over such extensive areas of the ocean. Opponents,
ho.vever, suggest that seeds could have been carried by ocean
currents or maybe the wind. This type of migration accounts
for the presence of native flora and fauna of voleanie
ielands such as the Hawaiian Islands.

Fossilized pollen found in the tillites indicates that they
are either Late Carboniferous or Early Permian. Color in
the tillites with the correct color.

Figure 2 — Lystrosaurus was a reptile which lived 1n inda and
South Africa during the Early Triassic age (Redrawn with
permissol, courtesy of Edwin H Colbert )

“a

In 1967, a geologist with the Ohio State University
fnstitute of Polar Studies found a jaw fragment belonging to
An ancient amphibian, not far from where Scott's party found
the coal seams and the Clossopteris fossils. A team from
the Institute of Polar Studies, cncouraged by this fiﬁd,
returned to the same area in 1969 with a specialist in
identifying fossil amphibians and reptiles. On the first
day of the expedition, the team's Ileader, David Elliot,
climbed a bluff near the base camp. He found an ancient
stream channel deposit gontaining bones and teeth. Edwin H.
Colbert, the specialist in amphibian and reptile fossils,
fdentitied a jaw-bone he found there later as being that of
lystrsosaurus, 1 reptile previously found in India .and South

15,)'
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Africa 1. rocks of Early Triassi. age. It was a land
reptile, not adapted for swimming long distances.

5.

6.

Color in those sediments containing Lystrosaurus.with the
appropriate color indicating their age.

Place an “L" on’ your world map in those areas where
Lystrosaurus has been found. How can you explain the
presence of a reptile, like Lystrosaurus, in four such
widely separated areas?

It ie much more difficult to argue that a land reptile,
such as Lystrosaurus, could have migrated across the -~eans
to populate such widespread areas. When Lystrosaurus was
found in Antarctica along with four othen species of land
reptiles, most paleontologists beecame convinced that
continental drift was a viable theory.

Certain shellfish found in the marine sandstone of Brazil,
South Africa and Antarctica have been determined to be of
Devonian age. Color in these portions of the rock columns
with the appropriate color. Dicroidium is a plant fossil

restricted to the Late Triassic. Color in the portions of
the rock columns containing Dicroidium.

Igneous rock, such as the basalt at the top of each of the

rock columns, can be dated through a process called radiometric
dating. In this procedure, the amount of certain radicactive

| 8.

9.

10,
} 1.
! . 12,
i .

13.

nuclides in the rock is measured.

The basalt in Brazil and India is of Cretaceous zge. In
South Africa and Antarctica it is from the Jurassic period.

Color 1n che basalt in the rock columns with the color
indicating its age.

Now correlate the rock whits for each area. Draw lines
between the columns indicating the boundary between each of
the ages. The line dividing the basement (pre-Devonian)
from the Devonian has already been drawn in for yau. The
Early Triassic layers of Brazil and South Africa have also

been correlated. HAVE YOUR TEACY R CHECK YOUR CORRELATIONS
BEFORE YOU CONTINUE, ’

During what c2e were glaciers present in all four areas?
When were three of the areas covered by the sea?
During what age did all four areas have extensive swamps ?

How can you explaiﬂ that in the past the environments of
these four areas, as indicated by their rocks, were very

ISn
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similar when todav their environmeats are so different?

Stulents  should ~cme  to  the 2omelugion  that  the
enidence they have been studying in this investigation levis
t> the idea that tnese four arvens vere part of a single. .
continent  from at least [Devonian  through Jurassicz.

In this investigation you have studied some of the evidence
that leads geologists to believe that at one time India,
Antarctica, Africa, Austrzlia, and South America were all
part of one coutine t. =

14, trom your study of plant and animal fossils, determine the
most recent time that Gondwana could h.se been a single
continent.

15, When did extensive wolcanic activity first occur  in
fiondwana?

lhe  When do you think Gondwana began to breai up?

-~

summarv Questions ' -0

1. How do geologists determine the type of eavironment that
existed in an area during the past?

2. A geologist found several layers of sediment exposed in a

river hank. Which was the oldest layer? The youngest?

5. What is meant by correlation of rock layers? -

4. Describe the evidence for the former existence of the
continent Gondwana. . i?
References
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Plate Tectonics and Evolution.

by
Ronald F. Pauline, 1979

Introduction

When land masses are separated and drift to different
pocitions on the earth, their climate will naturally be affected.
This climatic change will also have an effect on the evolution of
plants and animals.

When land masses collide and different plants and animals are

intermixed, the results will also affect the evolution of life on
this new, larger land mass.

Objectives

After you have completed this investigation, you should be
able to predict:

1. How climate of a land mass changes as it moves.

2.  How this new climate affects the evolution of plants and
animals, kK

}. How intermixing of different plants and animals will affect
) evolution. -,

Part A

»“‘
-

Procedure

In figure l; two distinct land masses are shown. The large

land mass A is located on the equator and has a rain forest type’

vegetation. The abundant rain and warm. weather have produced
enough food to support a large population: small tree climbing
“mammals; small burrowing mammals and small flying animals which
are herbivores; large cat-like mammals which are carnivores; very
large flylng reptiles which are omnivores, and finally,
crocodile-like reptiles that 1live 1in swamps. This 1is the
population of land mass A. As can be seen, mammals have replaced
the reptiles as the dominant species. \
1. What would be the main diet of the small mammals?

Fruits, berries, leaves, atc. from the abundant vegetation.
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’ 2. The small mammals would, in turn, be the main diet of which animals?
The cat-like animals and the large flying reptiles.

§
The crocodile-like reptiles would, of course, feed on warm water

fish and any small mammals that they could catch. .
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Land mass B has approximately the same type vegetation as A but is
populated by large dinosaur-like reptiles. There are large and small
. herbivores feeding on the lush vegetation and large carnivores feeding on
the plant eaters. On this land mass the small number of mammals is clearly
dominated by the large reptiies.

3. How could you acoount for the fact that the two land masses so alike
in vegatation and climate would be populated by animals so different?
3{-ne they are separated, the evolution is along random genetic evolu-
ti.-. The dinosaurs and mammale evolved gepardtely.

<




Part B

Procedure ‘

At a point in time, the large mass begins to split apart and move
in the directions indicated. Land mass B is also drifting in the di-
rection indicated in Figure 2, -

20~ =

254

30

3(

Figure-2 . ’ ’

’ /
4, How is the climate of Land mass A3 ch “eing as it migrates rapidly
'south-qoutheast’ ¥ 4 /

It would be getting cooler as it nears the temperate aone,
5. How would this affect the vegetation?

It would become less Jungle like and more- temperate-like: no under-
brush pregent, with more deoiduous trees.

6. Would the rainfall of A3 be more or Tgss than originally?

* Les.



7. How would the climate of Al be affected?

vbry little since it i¢ 8till at the same latitude.

Part C . -
Procedure.
In Figure 3, the land masses continue to move in the directions

indicated The land masses A, and B have collided while Al is still at
the same latitude and A3 has migrated far south
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8. Will the climate of Al change from its original climate? Why?
Ft 18 8till in the original dpemtton nstride the equator.

- 9. What Wwill the climate of A3 be like now?

Dry since it is at 30° where the ain mass falls back to earth. It
would be much cooler than it originally waa.




10. What type of vegetation will A3 now have?

No Jungle. More broad leaf deeiduous trees, some
grassland. )

l11. Dezcribe how the animal population has changed from the
original population on Aj.

The mammal population will stay about the same but probably
the Zarge cat-like mammal will have a lower population since
less “food 1is available. The large flying reptile will
disappear along with the warm water crocodiles.

The climates of Ay and B will have also changed. They will
still be fairly hot but there will be much less rainfall.
The vegetation will stili be plentiful as far as trees are
concerned but the undergrowth will be gone. The dinosaur-
like reptiles from B will now bte intermixed with the mammzlg

of Ag.

12. which animal species would you think would reproduce with
! more frequency; the large dinosaurs or the smaller mammals?
]

Smaller mammals

The dinosaurs would initally have plenty of food but it would
start to become more sparse as both the mammals and reptiles would
compete for it.

13. Whicli species »'~uld need less food to survive and why?
Mammals, because they are smaller and would need less food.

l4. Do you think thHe¢ dinosaurs could catch the smaller mammals
to eat them? Why or why not?

No, because the mammals would be too quick to catch.

15, Knowing the above information which species do you think
would began to die out and Finally become extinct? Why do
you say that?

The dinoeaurs; they would have less food to eat--less plants
for the herbivores and less plant-eating cinosaurs and fewer
mammals for the carmivores.

3
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1. Why do you think that fossils arimals that live in the
tropics have been found in Antarctica?

Summary Questions

Antarctica once was at the equator and drifted southward.

2. Would you expect to find the same type of fossils in eastern
South America and western Africa?

Yes.
Why?

From the map it looks like they were once connected and have
drifted apark.




N Drifting Volcanpes

by
Richard N. Passero and Caspar Cronk, 1978

.-

Introduction

We all know that volcanoes erupt at different locations
through the world, but have you ever wondered why they erupt where
they do? You may have, but have you ever wondered if they remain
in the same location forever or- if any volcanoes ever permanently
stop erupting? In this exercise you should discover the answers
to these questions.

The active volcanoes of the world are shown on the map in
Figure l. By “"active” we mean those 500 or so volcanoes that have
erupted within the last 4060 years or, in other words, those for
which we have pretty good records. Most active volcanoes on the

,continents are located within 200 to 300 kilometers of the sea.

Those around the Pacific Ocean form what is called the "circle of
fire” and iuclude volcanoes such as Mt. St. Helens, Mt. Lassen and
Mt. Fuji. o

There are. many more volcanoes in the world, of course, but
they have npot been active recently. Beginning in the early 1950's
exploration of' the oceans by ships such as the Glomar Challenger
have revealed that volcanoes are also very common beneath the sea.

Many of the volcanoes in the oceans are located on submarine
volcanic mountain ranges (ridges) but others are” located off the
ridges. The ages of the rocks on these volcanic islands, tell
when the volcanoes erupted the lavas which form ‘the islands.

Objectives

Upon completion of this'activfiy you will be able to:
l. (ive the names of active volcanoes and where they are located.
2. Tell why they are located where they are, what determines how
long they are active, and Whether they have always been in

their present locations.

3. Graph data and perform some simple mathematical ¢alculations.
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Figure .l.--Active volcanoes of the world qnd their location on the crustal

plates. (Adapted from Francis, 1976.)
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Materials

Map of the Atlantic Ocean Basin published by the National
Geographic Society, 17th & M. Streets, N V., Washington, D.C.

- 20036

Part 1

Procedure

l. See how many of the names of the volcanoes in Figure 1 you can

- pronounce.

Z. Complete column three of Table 1 below bj'ﬁeasuring the
distance between each volcano and the ‘mid-Atlantic rift, on
the map of the Atlantic Ocean Basin.

Table 1.
Name
' , + Jan Mayen Island
Iceland
Faroes
Azores

éanary Islands
Cape Verde Islands
Sao Tome
Ascension

" St. Helena
Tristan Da Cunha
Bouvet Island

“Bermuda

Bahamas
Fernando De Noronha

Falkland Islands

Age in million years

10
10
50
20
32
150

120

207

36

120

120

1, 100?

Volcanoes in the Atlantic Ocean Basin

Distance from rift




3. Using the data in Table 1, plot the age and distance of each
volcano in the graph below:
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e o

0 .50 100 © 150 200
g Age in millions of years

before the present

4, Figure 2 is a map of the ages and locations of rocks found

) at the bottom of ¢ores obtained by the Deep Sea Drilling
Project.. Determine the distance from the ridge for each
sample within the boxes drawn on the map. Plot distance and
age of these rock samples on the graph abobe, using a
different symbol than that used for the .volcanoes.

5. How do the two lines compare?

"6. What does this graph tell you about the general relationship
between the age of the volcanoes and other rocks in the
Atlantic Ocean and their distance from the Mid-Atlantic Ridge?

7. Now draw arrows on Figure 2 from youngest rocks to oldecst.
Suggest a reason for your answer to Question 6.

8. Identify the oldest volcanoes in Table 1., Divide the distance
ot each volcano from the rift by its age.

a. distance from ridge
age ot volcano

b, distance from ridge
age of volcano

9. What do these figures tell you about the volcanoes?

19;
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Procedure

Key

A 72
a 207
o 3R-26
a 6038
o 100-60
® 136100
® 162-134
Mithon
Ycats

L -

A S

Figure 2.--This JOIDES map shows the ages of specimens collected
from different points on the Atlantic Ocean floor; the
specimens furthest.from the ridge are the oldest,
hroadly speaking-(from Francis, 1976).

Part 2

“As shown in Figure 1, most active volcanoes are located on
the margins of the. plates, but a few are located within the
plates. There are 122 active volcanoes not located on plate
boundaries; 53 are in the ocean basins and 69 are or the
continents. _The volcanoes are referred to as “hot spot{s” and are
thought to originate from hot plumes of magmi rising from a few
hundred kilometers deep in the mantle. The Hawaiian Islands in
the Pacific Ocean are thought to be located over-a hot spot.

l. The only active volcanoes in the Hawaiian Islands are on the
Island of Hawall. The age of the isiands increases from
Hawaii to the northwest as shown in Figure 3. Plot the
Hawaiian volcanoes and the Emperor Sea Mounts on the graph.
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How does this graph compare with the-one vou drew fOA ‘ .
* the Atlantic Ocean? "y R E
2¢ CGalculate the rate of movement of the HaWaiian Islands as ybu . $ '

did for the 1slands in the Atlantic Ocean.
a7 ‘ 4
3.° Can you suggest a reason ‘why the islands increase in age .to
the northwest? Remember that the volcanoes on all the islands
excépt Hawaiil are extinct (no longer active). How might this
be related to the movement of the Pacific Fiate? ) .

-

4, Note that the Emperor. Sea Mounts are at an angle to the
Fawaiian lslands. Can you suggest a reason for thi%?

. S
Extensions . . LN
;/‘ * " N A » ) b

1. Go to the ribrary and write a short story about the name of a

volcano that sounds 1nteresting to you.
‘ . ¢

2. What might be the ‘ultimate fate of the Hawaiian Islands? °How )
long will it take for this to happen7

3. What other islands in the Pacific woulq yoa expect to show the

same age relationship as the Hawaiian Islands? ° . .
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USES OF -SPACE PHOTOGRAPHY
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RESOURCES

\®

Space photography has provided us with an entirely new
perspective, not only of the other planets and their satellites in
our solar system, but also a much mcre detailed look at the
surface of our own earth. This photography can be of enormous use
to the earth science teacher. This chapter was especially
designed to bring attention to the potential uses of the imagery
provided by Landsat, Voyager and other space probes. NASA has
published several volumes of photography with the expressed intent
to make it:more available to teachers. Below are listed a number
of these publications:

Apollo :Over the Moen: A View from Orbit, SP-362, is a collection

of . 264 photographs of the lunar’ surface taken with Apollo

‘panoramic and metric camera systems to ald in the effort of Moon

‘mapping. The photos are of high resolution and accuracy and show

the 'surface of the Moon 1in great detail; all are -accompanied by

. detailed captions. Clothbound, 267 pp. 59.25 (Stock No.
-033-000-00708-6). '

N Images of Mars, SP-444, presents images from one of NASA's mcst
extraordinary space missions. The photographs and texts provide an
elegant' look at the planet Mars as revealed by the Viking
spacecraft -since thelr.arrivals and landings in 1976. 32 pp.,
$2. 25, - .

- - .The Marfian lLAndscape, SP-425, 1s a hard-cover volume describing
the Viking Mission from planning and designing, through testing,
to dazzling success. Written by the Viking Lander Imaging Team,
the book includes 200 high-quality photographs--mo aics, panorama,
close-ups--0of which 22 are 1n color., §12.90 (Stock No.
033-000-007 16~7). '

,ngager‘to Jupiter, SP-439, 18 the story of the Voyager missicn
and 1{its people, ahd the spacecraft's findings as it flew by
Jupiter in the spring and summer of 1979. The text relates the
excitement of the flyby and presents the sclience of the mission 1in
a manner easily understood: the photographs provide a spectacular
view of ‘the Jovian system. Paperbound, 211 pp., $7.50.

. Mission to Earth: Landsat Views the World, SP-360 consists
largely of 400 color plates of Landsat lmagery. TEach has .been
seletted td show surface features and has'an accompanying caption
locating .and describing significant features, *(Stock No.
033-000-00659-4). A .

»

.Educator 's Guide for Mission to Earth; Landsat Views thd World,
1s a 60-page book designed to accompany NASA SP-360, Mission to
Farth: Landéat Views the World written for junior and senior higﬁ

v.
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school teachers of the sclences, social studies, and geograpkh.,
the guide helps teachers to fuliy utilize the large volure of
Landsat material. $2.50 (Stock N-  3300-00735-3).

Where To Write For Services

NASA , 'biication” =should be ordered from the Superintendent of
Documents, Government Printing Office, Washington, DC 20402.
Publication 1lists, film 1lists, and information about other
services are avallable from the Educational Office at the NASA
center serving your state. See the list below. There are special
resource centers for educators at the Kennedy Space Center, K Lewis
Research Center, and Alabama Space and Rocket Center, Huntsville,
AL.

NASA Ames Research Center

Moffet Field, California 94035
Alaska, Arizona, California, Hawaii, Idaho, Montana,
Nevada, Oregon, Utah, Washington, Wyoming.

NASA Goddard Space Flight Center

Gre.nbelt, Maryland 20771
Connecticut, Delaware, District of Columbia, Maine,
Maryland, Massachusetts, New Hampshire, New Jersey,
New York, Pennsylvania, Rhode Island, Vermont.

_NASA Lyndon B. Johnson Space Center

Howu .ton, Texas 77058 :
Ceclcrado, Kansas, Nebraska, New Mexico, N. Dakota,
Oklahoma, S. Dakota, Texas.

NASA John F. Kennedy Space Center
Kennedy Spare Center, Florida 32899
Florida, Georgia, Puerto Rico, Virgin Islauds.

NASA Langley Research Center

Hampton, Virginia 23665
Kentucky, N, Carnlina, S. Carolina, Virginia, West
Virginia,

NASA Lewis Research Center
21000 Brookpark Road, Cleveland, Ohio 44135
[1linois, Indiana, Michigan, Minnesota, Ohio, Wisconsin.,

NASA George C. Marshall Space Flight Center

Marshall Space Flight Center, Alabama 35812
Alabama, Arkansas, lowa, Louisiana, Mississippi, Missourt,
Tennessee.
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Using Landsat Imagery to Study Earth's Surface Featuces

Adapted from activities in the
Educéitor's Guide for Mission to Earth: Landsat Views the World,
) National Aeronautics and Space Administration, 1978.

by
Victor J. Mayer
Intrcduction

The marvels of space age photography have -.ade available to
us views of the earth never before possible. How can _this
photography help: us to understand the surface features of the
earth and how they are changing?

Objectives

When you have completed this activity you will be able to use
Landsat images to: )

J. Identify different patterns of drainage.
2. Locate structural and topgraphic features.

3. Identify ¢olcanic featurcs and determine their impact
upon land use.

4. Map surface and tectonic features.
Materials (see resources for complete reference)

Mission to Earth: Landsat Views the World.

Part 1. Identification And Study Of Drainage Patterns.
F edure

Different types of underlying geologic structure result in
various types of drainage patterns on the earth's surface.

The four major drainage patterns are illustrated below.

The most common drainage pattern is the dendritic. This
tree-like pattern usually forms on flat or ‘nearly flat-lying
material which 1s relatively uniform in its ability to resist
erosion. Radial drainage occurs around a central dome or .mountain
which has streams flowing outwardly 1in all directions.
Trellis drainage is a trellis-like pattern of relativeiy straight
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streams which meet each other at right angles. This usua11§
occurs where there are alternating linear ridges and valleys
formed by faulting or folding. Annular drainage, like the

trellis, 1{s structurally controlled, ' but develops over
well-defined domes or basins, forming curved rather than
rectilinear patterns. > )

DENDRITIC DRAINAGE RADIAL DRAINAGE
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1. Using the above information and diagrams, identify as
many different drainage patterns as possible on
Landsat images. Try to associate each type of drain-
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age pattern with the geologic structure of the area
shown on the image. Suggested plates for this

activity are:

a. Plate 205--Amazon River

b. Plate 276--Tigris and Euphrates River
¢c. Plate 30l--Brahmaputra River

d. Plate 315--Yellow River

e. Plate 339--Zaire (Congo) River

Part 2, Llocating And Identifying Gross Geological Features.

;s Locate in Mission to Earth. . . examples of the geological

features listed beldw:

Feature Suggested Plates in
Mission to Earth. . .

a. Fault ’ 125

b. Volcano 135
¢c. Lineament 18
d. Finger Lakes 8
e. Canyon ‘ 76

- Monterey Bay

- Island of Hawaii

- Atlanta, GA

- Finger Lakes, NY

- Colorado Rocky Mts.

f. Plateau 77 = Uranium Country, Utah--Colorado
g+ Mesa 84 - Northwest New Mexico
" h. Karst topography 246 - Dalmatian Coast of Yugoslavia
i. Lava flow 101 - Southern Idahe
j» Alluvial fan 133 - Imperial Valley, CA
k. Graben : 83 - North-Central Arizona
1. Cuesta 84 - Ncrthwest New Mexico
m. Anticline .99 - Bighern Mts., Wyouing
n. Syncline 14 - Harrisburg, PA
- Yellowstone National Park

o. Geyser field 98

Note: You may need to refer to

image for additional clueg

the caption accompanying each
to help identify these

features. Atlases and other maps will also be’ very
useful in completing this activity.

Part 3. Spudytng Volcanism And Its Impact Upon The Environment.

+

l. Define the following types

of features which result from

‘or are ‘associated with volcanism. (Note that definitions

may be found in Mission to

Earth. . . Appendix B, "Glossary

of Technicdl Terms,” pp.443-451).

Feaiure Suggested Plates
Ao Cratér'Lake 193 - Managua, Nicaragua
b. Caldera 111 - Caseade Range, Oregon

c. Active volcano 241 - Italy




Dormant volcano awakens
Southern Idaho.

Portland, Oregon

Canyon Lands, Southeast Utah

d. Dormant volcano 322
e. Lava flow 101
f. Strato-volcano 110
g. Igneous intrusion 85

2, Find examples of these features from Mission to
Earth, . .

3 Seleét one image from among those showing volcanic
features and do the following:

a. Observe the land use and other geologic and/or
geographic conditions of the area shown on.the
image. (Note that these areas tend to be hteavily
vegetated).

<

. b. Prepare a brief discussion on the impact of volcanic
activity in the area. Include in your discussion any
‘indication of how man is using the area and why it is
being used.

Part 4. Locating Surface Features.

I. Pick one of the images listed below:

Finger Lakes, New York - (8)
Harrisburg, Pennsylvania - (14)
Atlanta, Georgila ’ . (18)
Nashville Dome and Basin (29)
Colorado Rocky Mts. (76)
Uranium Couniry, Utah-Coxorado (77)
North-Central Arizona -, (83) © 7 ot
Northwest New Mexico (84)
Canyon Lands, Southeast Utah (85)
‘Grand Canyon, Arizona - (87)
San Rafael Swell, Utah 9D
Yellowstone National Park (98)
Bighorn Mts., Wyoming (99)
Southern Idaho (1on
Portland, Oregon - ' (110)
Cascade Range, Oregon (111
Basin and Range Country, Oregon
and Nevada (112)
Monterey Bay (125)
Bay Area, California (126)
Imperial Valley, California (133)
Islar’ of, Hawaiil (135)
"Finger Lakes" of Alaska (143)
Sierra Madre Orientale, Mexico (184)
Managua, Nicaragua (193)
. Amazon River (205)

20,
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Norway (222)

B 3 Scotland (225)
. . Pyrenees (230)

s Rhine and Ruhr Valleys (237)
i ‘ Italy (241)
Dalmation Coast of Yugoslavia . (246)

; Tigris and Euphrates Rivers - {276)
| Tibetan Plateau (299>
| - Brahmaputra River o (301)
| Yellow River - « (315)
| . Dormant Volcano: Awakens g (322)
| ) Southern Morocco (323)-
| Atlas Mountains (324)
‘ Zaire (Congo) River (339)
Afar Depression (366)

Pilbara District, Australia (379)

Overlay a plece of clear plastic or acetate over the image
and trace or label as many faults, lingaments, and other geologic
girface features as possible. - o
2, Check overlays for accuracy with a topggraphic or other

‘geologic map of the study area. The descriptive caption
which accompanies each image in Mission to Earth. . .,

should also be consulted for purposes of Information and
B . comparison.
| . . ,

. Part 5.° Mapping Tectonic Features And Rock Types.

-

Select several images from among those listed for Part &4 above.
l.. Prepare two overlays for each image selected:

a. Overlay 1 -- Ideptify-tectonic features (faults,
joints, pipes, and .others,)
. b, Overlay 2 -- Identify major rock types (1gneous,
sedimentary, metamorphic) shown®on
the image.

2. Place both overlays on the image and do the following: o~

a. Observe and briefly describe the relationship between
" the linear features and the rock types in the area
X studied, . -
b. Using the caption accompanying each image and corres-
ponding geologic maps, indicate whether the predominant
rock types are igneous, sedimentary, or metamorphic.

3. Carry out further research and discuss the major geologic
forces which were or are operating in the area studied, and
which have affected the rock structure of the area.




Assessing Our Impact upon the Environment by using Landsat Images

Adapted from activites in the Educator's Guide for Mission to
Earth: Landsat Views the World,
National Aeronautics and Space Administration, 1978.

by
Victor J. Mayer

Introduction -

Our activities in resource development, industrial use of
1ond and residential development have had a significant impact
ipon the land's sutrface and the waters of ‘the earth. Landsat
imagery provides a unique source of information with which to
determine the extent of this impact ‘and the effects it 1is having
upon natural systems. )

Objectives

When you have completed this activity you will be able to use
Lands*;mageé to:

1. Identify and map categories of land use.

.

2. Identify structures and features we have built.

3. Observe ongoing changes in the efivironment.

Materials(see resources for complete reference)

Mission to Earth: Landsat Vi~ws the World

Part 1. Identifying And Mapping Categories Of Land Use.

l. Select an image from among the following:

Washington-Baltimore (1)
Delmarva Peninsula . . (4)
Harrisburg, Penngylvania (14)
Knoxville, Tennessee (17)
Southern Florida ‘ (25)
Mobile, Alabama (27)
Cape Canaveral, Florida (26)
Western Lake Erie (32)
Chicago, I1linois (38)
St. Louis, Missouri (39)
Mississippi Rivet Flood Sequence (41,42)
Yazoo Basin, Mississippi (45)

2l
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Texas~Louisiana Timberland (46)
Mississippi Delta ' (47)
Upper Mississippi River - (52)
Oklahoma 0i1 Country LA (60)
Uranium Country, Utah-Coloraco - (77)
Central Wyoming (97)
Yellowstone National Park (98)
Big Horn Mts., Wyoming (99)
W. Wyoming-S.E. Idaho (100)
Southern Idaho . (101)
U.S,-Canadian Border (104}
Mono Lake, California . (124)
Bay Area, California (126)
Los Angeles, California (129)
Mississippli River Sequence - (142)
U.S.-Soviet’ Border { 150)
'Winn1p§§5 Manitoba . (163)
Amazon River, Brazil -+ (205)
Bahia Blanca, Argenci .a ) (215)
Zaragoza, Spaia . - (231)
World's Largest Lake ’ (260)
Ob River, Siberia : (266)
Arabian 0il1 Fields - - . (280)
The Ganges Delta ' . (300)
Brahmaputra River (30D
Yellow River T ’ ) (315)
African Land Rractice (336)
Sudan (364)
Nile Delta - “(367)

-Develop a key or legend explaining the use of different colors
to represent the different types of land use listed below:

a. Farm-1land +« « ¢ o ¢ ¢ o s o o s o o s s o« + o Green

b, Urban areas . « « « o o s« o o o s o s s o » o Pink

c.' Recreational areas(such as National Parks). . .‘'Red

d. Airports and airfields. « « « « « + « « +» » o Black

e. Woodlands .« « « o o« s o e s o o o o s o o o« Yellow
f.oWater « ¢ « ¢ + o o o s o o o 0 s o s s o s o Blue

g. Transportation facilities « « . « « « o . . Orange

Create a slmple land use map by placing a sheet of clear
acetate over the image, outlining the boundaries, and coloring
in the land use types with the colors given in the legend.

Use maps or other reference materials to check the land use
maps. Note that the descriptive caption provided with each
image in Mission to Earth. . . contains information which
should be very useful in completing this activity.




«

Part 2. Using Landsat To Study Man's Impact On The Fnvironment.

’

l. Select an image from among those listed in Part 1.

2. Identify and list as many man-caused features as are visible
on the image. Indicate those features which reflect the
impact of technological innovation and development, such as
dams, waterways, irrigation facilities, and others. Examples
of many of these can bLe found on the following plates in
Mission to Earth:

- . a. Plate 25 Southern Florida
b. Plate 27 Mobile, Alabama
c. Plate 38 Chicago, Illinois
d. Plate 104 U.S.-Canadian Border
e. Plate 280 Arabian Oil Fields

a

! 3. Using maps and/or other reference materials, discuss how
technological innovations and human activities have affected
the environment. Several exarples which might be examined
are: ] ‘ .

a. Plate 38 Chicago, Illinois
b. Plate 104 The U.S.-Canadian Border

. c. Plate 336 African Land Practice .

d." Plate 367 The Nile Delta

Part 3. ipserving Temporal Changes In The.Environment,

) Landsat imagery offers the advantage of showing changes
occurring over a nine-day period. This has important :mplications
for the study of temporal changes. ‘

l. Compare any Landsat image(s) with already existing maps of
< the same area. You may want to select an image of your
local area for study. Observe and make note of the changes
which have occurred from the time the map was produced and
the date the image was made.

2. Look for féatures, such as reservoirs, highways, lakes or
new airports which have appeared or disappeared since the
map was produced.

-
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Africa, The Splitting of a Continent 4

by
William N, Green, 1979

.

Introduction
- . z .
You have learned that continents and ocean- plates are mobile
because of the upwelling of mantle material. at ocean ridges.
This propels them along in a conveyor-belt fashion toward
subduction zones. When you look at a map of the ocean floor, it .
18 easy to visualize the areas of sea-floor spreading and areas
of subductign. #But are there any areas where crustal movements
are just beginning?

“* One ,way in which a geologist can infer the be‘;nning of a
rift zone in a particular area is to look at outer space pictures
to determine {f any lineations (long, narrow, stretch .features),
of the continental crust are present, If a rift' zome occurs

"under a continental plate, it.might just rip the continent apart,
forming 'a neéw ocean. , This process 1s taking.place today on the
continent . of Africa, ‘around the Red Sea and the Great Rift
Valley« )

Objectives

Upon completion of this activity you will be able to:

4 AY

1. Describe thé tectonic 'history of the Red Sea and the Great
Rift Valley. ,

2,  Observe the location of normal faults which cause the graben
structurej of the rift between Africa and Arabia and suggest
sites to drill oil wells.

3. Use LANDSAT images to observe the pre;ence of rift
structures and volcanoes in the great Rift Valley of Africa.
/
4, Plot earthquake epicenter locations to determine if seismic
data supports rifting in Africa.

hd n

: Materials

Mission to Earth: Landsat Views the World(See Resources)
Two 8 x 8" pileces of transparent plastic.

Marker

Magnifying glass

Map of Africa
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Procedure , 'y

' At one time in the earth's history, Africa and Arabia were
joined along their border and. existed as one contincntal block.
Later, due to the development of a rift zone or an area of
crustal thinning, the two continental blocks were separated
allowing the Red Sea waters to flow in. There is disagreement
among experts as to exactly when this process began to occur,
with some estimates. as, long ago as 20C hillion years. lately,
data suggest a break—up date as recently as 45 million years ago.
In either casey the” gradual spreading of Africa and Arabia away
from each otjgr continues even today.

It has been proposed that the rtfting process has - extended
down into the continent of Africa. This idea has been supported
by limtted data. ’

What is Known for 'sure 19 that the structure of the crust in
the area of the Red Sea i{s similar to that in othel‘areas which
have undergone rifting. The extension-of the crust causes a type
of fault called a normal fault which allows a block of cfust to
drop dowh causing a basin called'a graben to form.

1. . You .can dem0n§trate the formation of-a graben by using three
books as on figure 1. Orient one book vertically between
the short side of the other two books held horizontally.

ow, release the tension on the vertical book and reapply it

again quickly. Notice that the book dropped down in
relation to the horizontal books much like the graben does
when the crust of .the earth is extended. =

Figure 1. Graben Demonstration

The graben structure can be seen in a very high altitude
photograph of the area as a broad basin, close to the edge of the
sea., Refer .to plate 273 in Mission...« Can you {identify the’
graben? -

~

Now, refer to figure 2, which is a profile view of a
typical normal fault and graben structure. Be sure té notice
that due to the gradual separation of Africa and Arabia, a series




~
.

of "stair step” blocks have developed. This part of the world is ' ’
famous for {ts oil production and abundance of natural gas, Oil

tends to migrate- “hrough porous rgck layers until it comes up

against a barrier wrere it collects as a underground pool.

2, Look at figure 2, and plage an "X" on the diagram over uany

area where you think it might be a good place to drill an .
" 51l well, )

w

3. Ig what rock unit wouLd-you expect oil to move?"

4, In whit area would you exgect to find large, undérground ‘
pools of oil?

5. What process causes the flanks of “the Red Sea to be'in a
stair stepped arrangement?

Figure Z. Graben Stricture

Tow that the structure of the: northeast seccjon of Africa
has been, 5stab11shed it is important to try to.see if the
rifting process is occurring elsewhere on the continent. ,Three -
main features {orm‘as the result of rifting:

“ - -
a) Lineations- long N Linear -(line-like) features caused )
by exténsion of the earth's crust, ‘

" b) Volcanoes- eruptions occur since the crust 1is thinned
’ and fractured #hich allows magma to move up
onto the earth's surface.
c) Earthquakes- . vibrations of the crustal rocks 'as they dre
. stretched and rifted.

’

The problem which any .geologist faces {s to try to éqllect l
as much information about an area as pdssible to help .o sce if A

tha_gonditions are right for the ‘occurrence of a rift zone. Of
course, 4 good tool to help in this process is a series of




; Landsat images.. If lineatiovns or uolcanoes can be observed along
a generdl trend on the African continent, and these are compared
to earthquake data, - perhaps a case can be made- for a new,
- ’ incomplete rift =zone. JIn the following exercise, you will
analyze data and come to a conclusion concerning this problem. s

»

-6, Refer to the man of Africa to determine the lotation of
plates’359 and 361- from Mission.... This will orient you in
relation to the Red Sea area. Ybur teacher will have the
map at the front of the room for you to use.

7. Place a clear plece of plastic over one of the plates.
*  Observe the image carefully. to try to &pot lineations.
Trace over any lineations that you seec with thet marker. If
you have trouble with this part, get help! i
8. Do the 1lineations taat you spotted trend in the same
/ ) direction? What dirgction do they =sun
assuming bﬁi top of the picture is north? v

9. Look at the Landsat 1image again very carefully. Draw a
circle around any circular features which mighr be
volcanoes. The caldera of the volcanoes hay be filled F with
water. Repeat the process for the other Landsat image.

10, "Plot ¢tk location of the earthquakes listed below en

‘ worksheet. 1 by placing a dot on.the map at each locatioh: , .
20N, 38E 18N, 39E ) )
17N, 460E 12N,41E - , ’ '
13N, 42E 13N, 46E A
15N, 52E 10N, 38E . »
‘9N, 37E 7N,35E e
: 4S,35E 85,39E ’ ’
& .
“ . Il. Mark the approximate location of plates 361 and 359 on.the -
map (observe the base map carefully), by placing an "X" on y
worksheet 1. . . '
. 12. How did the 1locations of the lineations and ‘volcanoes
, ‘ conpare with the earthquakes plotted? ' Lo
ot ’ 13, What other type of @vidence can you see on worksheet. 1 that
. supports rifting around the Red Sea* and the areas you -
¢ observed with Landsat? . )

* + 14, Do you think that a new.rift zone is forming in east Africa?
. Explain. ' -

21 | .

Q Co 222 ' ‘




223 -

215




15, In what says does the rift zone observed in this activity
compare to other rift zone ch as the Mid-Atlantic Ridge
and East Pacific Rise? {

The earth is continually changing its face. The process of

"plate tectonics moves the crustal plates about, as forces of

weathering and erosion break down mountains and carve valleys.

In this lesson you have seen but a small part of a much larger

process., Albert Einstein said: "As a circle of 1light gets

larger, so does the circumference of darkness around it."” The

o’ . more we learn about the processes that shape the earth, the more
we begin to wonder about our universe:

Review Questions

1. What type of movement of crustal plates formed thc Red Sea?

2, The down dropping of a section of crust due to normal
faulting is called a .

3. State three pieces of evidence to support the existence of a
newgrift zone in east Africa:

v
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Plate Tectonics in the Solar System?
Evidence from Space Photography

by
Randy Allen, 1979

Introduction

The planet Earth is a unique body within our solar system; or
is 1¢t?

Until recently, there had been little scientific data to

suggest that any of the tectonic processes which take place here
on earth, occur anywhere else in the solar system. However, with
the advent of modern space technology, a whole new picture of our
solar system ts evolving.
) Recent data collected by the NASA space missions indicates
that the processes involved in plate tectonics may have occurred,
or' may be occuring on other bodies within our solar system. Some
of the features that suggest tectonic activity are:

1. The presence of rift zones and faults indicating
"planetquakes™”, which could signify movement of the body's
upper surfaces. )
»

2. The existence of high mountain ranges which could have been
formed by segments of the planet's crust colliding into one
another. ’

.3. The presence of volcanoes, some of which are still active

today.
But what does all this mean to #ou? )
If we compare the tectonic processes occurring on other
planetary bodies with those occurring on :-Earth, perhaps we can

find a common link that will help us to better understand the
Earth on which we live, ’

Ob jectives
After completing this activity, you should be able to:

1. Identify volcanoes and faults on high altitude imagery of the
earth's surface and other planets.

2. Compare the tectonic activity of Ganymede, Io and the moon to
that of the Earth.
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3. Suggest 1 hypothesis to explain the similarities between the
terrestrial planets.

Materials (see resources for complete references)

Mission to Earth: Landsat Views the World
) Apollo Over the Moon: A View from Orbit (or photo of Kepler
region) '
Voyager to Jupiter (or photes of Ganymede and Io)
Images of Mars
Pencil

Part 1. Looking For Volcanoes.

The Earth certainly has volcanoes. How about other objects
in the solar system? '

1. Look at plate #376 in Mission . . . . The circular area in
the center 1s-a large volcano. What are the characteristics
that distinguish it as a volcano?

Turn to plate #372. Find the volcano located at coordinates
P-8. How is it similar to the first volcano you looked at?

Plate #322 contains an active volcano. Can you spot it? Give
its co-ordinates . How can you tell that 1t is
active?

On the back fly leaf of the book is a photo of the island of
Hawaii. Would you say a volcano is present? To. If
so, describe the region you believe to be a volcano.

Look at the pictures of Ganymede and Io taken by Voyager I in
Voyager. . . Look at them carefully. 1Is there any evidence
of volcanoes or volcanic activity? . Describe
any such findings.

6. How recent would ,ou say the volcanic activity is on Io?

7. Do you now have enough information to say that plate tectonics
does occur elsewhere? Explain your answer.

Part 2. Looking For Faults, Do Other Bodies In The Solar System
Have Faults?

Procedure
1. Examine plates #125, 126, and 129 in Mission . . . . These

are all images of reglons in California which contain large
numbers of faults. By reading the description under each




photo, try to 1oéate the major fault lines in each image.
This takes some practice and you may require some help from
your teacher on dhe first one.

2. Describe the charicteristics of fault lines in the photos
which enable you to pick them out.

3. Next, look closely\at the pictures taken of Jupiter's largest
moon, Ganymede in Yoyager. . . . ‘

11
t

4, What tectonic featu%es do you find present on Ganymede?

5. Refer to photos of éhe lunar surface on pp. 199-209 of
Appollo over the ‘Moon (or photo of Kepler Region). See if
you can locate any faults. .ot

6, Compare the data froﬁ the moon witﬂ‘gg; data from Ganymede.
~ How are they similar?

7. We have now seen that at least two signs of-evidence for plate
tectonics exist on other planetary bodies. Do you now have
enough evidence to support a solar-system-wide plate tectonics
theory? » What is lacking?

i

Part 3, The Last Step.

l. Using the sources listed in the "material” section determine
which of the following planets and satellites (earth, moon,
Ganymede, To, Mars, Jupiter) have mountain ranges. Put this
information in the data table.

} Solar System Faults Volcanoes Mountain
! Body Ranges
EARTH yes yes yes
MOON yes yes
MARS yes yes
JUPITER ? E: ?
10 | yes y;s
‘
, GANYMEDE yes 3 yes
. d

DATA TABLE: Evidence of Plate Tectonic Activity on Bodies
in the Solar System
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2. Ry examining the data table, hypothesize as to whether our not
plate tectonics is occurring on each of the planetary bodies,
and fill +n the rest of the table.

3. Is thera a clear pattern developing? . If so,
what 1is {it?

4, 1Is the data presented here enough to support a theory of plate
tectonics on a solar system-wide basis? Why or why not?

SUMMARY

In doing this activity, you should have found that there is
good reason to believe that tectonic activity does occur elsewhere
in the solar system; but not enough information has been obtained
to definitely state that it 1s the common 1link betweern the
planets. Even as you read this sentence, more data on this
subject is being gathered by NASA spacecraft. The answers we seek
could come tomorrow, next week, or never. For the time being
however, we must be content with theorizing.

&
SUMMARY QUESTIONS .

1. Is the Earth as “"unique™ as we once had Lhought? .
Explain.

2. From what you have found in this activity, can you say that
plate tectonics is definitely taking place on other planetary

bodies? - .
3. From your information could you hypothesize that plate
tectonics 1is occurring on other planetary bodies? ..
E XTENSTONS

1. If it could be proven that plate tectonics is a common iink
between the planets, what do you think this could tell us
about Earth's beginning, past, and future?

2. There is a theory on the rise in the scientific community that
suggests the terrestrial planets (Mercury, Venus, Earth, Moon,
and Mars) are undergoing a process of planetary evolution.

Use the evidence that you have gathered to support or argue
against this theory. Also tell what such a theory could tell
us about the earth.
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Lost on the Moon:
A Decision-Making Problem

Adapted from a simulation developed
by National Aeronautics and Space
Administration, 411 East Capitol Street, SiE.
Washington, DC 20003
by
Robert A. Champlin

Introduction N

You are in a space crew originally scheduled to rendezvous
with a mother "ship on the lighted surface of the moon. Mechanical
difficulties, however, have forced your ship to crash-land at a
spot some 200 miles from the rendezvous point. The rough landing
damaged much of the equipment aboard. Since survival depends on
reaching the mothership, the most critical items available must
be chosen for the 200 mile trip. On the next page are listed the
15 1tems left intact after landing. Your task 18 to rank them in
terms of their importance to your crew in its attempt to reach
the: rendezvous point.

Objectives >

After you have completed this activity you should be able

to:

I. Write an essay or give an oral report about conditions on
the lunar surface. )

2. Formulate a logical "survival plan” for any space travelers
lost on the moon.

Procedures

1. Using the references listed at the end of this activity and
any other suitable material, write a report about the
conditions of the lunar surface and what might be expected
to affect the survival expedition in terms of radiation,
light intensity, meteor showers, and gravitational effects.
This research will be your only available information on
which you may base your final decisions, so do well. Your
1ife on the moon will depend upon 1it!




2, Rank in the order of importance:

a. ==-box of matches

b. =--food concentrate

¢. ===50 feet of nylon rope

d. ---parachute silk

e. —-—portable heating units

f. =———two .45 caliber pistols

ge —---one case dehydrated milk

he =--two 100 pound tanks of oxygen

i. =--stellar map including the moon's constellations
je =—-life raft : )

k. --zmagnetic compass

l. =—-5 gallons of water

m. ---signal flares

ne ———first-aid kit with injectipn needles
o. ——-solar-powered FM receiver-transmitter

Seoring Key: If this is;donewas a game, the geore can be de-
termined . by the difference between the rumber assigned and the
suggested numbers assigned below. Low score wing.

(15) box of matches little or no use on moom, no
available oxygen

(4) food eoncentrate supply daily food required
(6) 50 feet of nylonm rope useful in tying injured, help
. in .climbing .
(8) - parachute silk shelter against sun's rays
(13) portable heat{hg unit useful pnly if party landed
on dark gide
!
(11) two .45 caliber pistols self-propulsion devices
(12) one case dehydrated food, mixed'q%th water for
milk drinking
(1) " ‘two 100 pound tanke fills respiration requirement
of oxygen
(3) stellar mp (of the prineipal means of finding

moon's constellations) directions

(9) life raft €09 bottles for self-
’ ,propulsion aerogs chasms, etc.
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(14) magnetic compass probably no magnetised poles;
thug of no use -

(2) 5 gallone of water replenishes lose by sweating,
ete. ’

£10) signal flares dietress call within line of
sight

(7) firet-aid kit oral pille or injeation
medicine may be valuable

(5) " .solar-powered FM diatreaa%ignal ‘transmitter

receiver-transmitter possible commmication with

.

mother ghip

References

Moore, ?atrick. Newvcuide to .the Moon, W. W. Norton and
v Co. Inc., HNew York, 1976.
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September, 1975. . ’
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- Observation of Sunspots

by
Robert A. Champlin
and
Glenn Chaple

Introduction

One of the interesting aspects of the sun is the appearance
of sunspots (thought to be solar storms). Astronomers spend a 3
great deal of time studying sunspots in the hope of understanding
why they occur and what, if any, effect they have on the earth.
In this activity you will make observations about sunspots that a
typical scientist might make.

Objectives . . . &

When you have completed this activity you shOuld'ﬁe able to:
. Make a meaningful statement about sunspot ‘patterns.
2. Determine at least one behavior patfern of the sun.
-Materials ‘
;unspot charts ’ , -
Procedure

The next three pages contain the reproduction of a series of
sketches of the sun as they were drawn by Glenn Chaple, a
staff member of .the Alice G. Wallace Planetarium. From
August 20 to Septeuber 1, 1972 he made daily observations,
sketching the sun as it appeared when viewed -through a
2.4~inch refracting-type telzscope at 30X magnification.*
Each sketch shows the sun and the positions of aunspots as
viewed that day. Observations for August 24th and 27th were
not made becaupe of cloudy.skies.

*WARNING: It is very dangerous to view the sun directly through
a telescope without special protective equipment. The blinding
light and heat energy of «the sun, along with harmful amounts of
ultraviolet and infrared radiation, can cause serious damage %o
the retina of the eye= and eventual blindness-in just a "raction
of a second. For his observations of the sun, Mr. Chaple vlaced a
specially-made sun filter in the eyepiece of the telescope. The
filter served to block out most of the solar radiation, making
the sun safe for viewing. Unless your own telescope has such a
filter, NEVER uge it to look directly at the sun.
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Scan through the sketches of the sun in the order of the
dates the observations were made. Close attention should be
given to the circled groups marked A, B, and C to notice any ™
pattern or relg;i6nsh1p in the positions and spacing of the
sunspots fr day to day. Once you have determined these )
patterns ~“and relationships, return to this section and

answerk ™he questions below.

-

e

§ e 1. What reasons can you give for the changing day to day
appearance of the sun and sunspots?

2. Look at sunspot group A. Describe what happened to this
group from day to day and what this Gbservation might
indicate about the sun.

3. Notice the location of group A on August 20, After how N
¢ many days will it again be observed in that position?

be

S

Describe what
might tell us

Describe what

happened to sunspot group B and what this
about sunspots.

happened to sunspot group C and what this

- might tell us about sunspots. -

!

6: Astronomers around the world keep a daily record of the’

- ; number of sunspots ‘visible on the sun.

What 1is the

sunspot count on August 20? September 177

-




The Parallax Effect
K
Adapted from The University of Illinois
Astronomy Project, Book 1: Charting the Universe,
Harper and Ross Publishers, 1969

by
Robert Champlin

Introduction

You oftause an indirect method to measure distances,
although you not be aware of it. Each time you look across
the room and say what is closest to you and what is farthest
away, you use this method. The basic idea can be demonstrated
simply. Hold a pencil in front of you at arm's length and look
at it with one eye. Now, without moving the pencil or your head,
look at it with your other eye. Notice that the pencil appears
to move against the background of the wall beyond.

This apparent change of position against background objects
is called the parallax effect or more simply, purallax. Parallax
is the basis for the indirect wethod by which you estimate
distances.

v

' 23 % 85 L 78 9 100 12
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Objectives )

As a result of completing this activitv you should be able
to: ’

l. Measure the'pérallax of various objegts in the classroom.

2. Be able to accurately state several.facts about parallax.

3. Use the parallax effect to measure distances to objects.’

4. Make a crude map .r the school grounds using the,paralléx
technique.




Materials

Piece of cardboard or stiff construction paper
A Protractor
Pencil and paper

Procedure
Part 1

How does the paralla: change as the distance to the object
changes? For this investigation, put a series of equally
separated lines on the chalkboard. Number them in order.

We shall call the parallax the change in:position of the .
object as seen against these lines as a background. For
example, if the position of the pencil is 2 as seen with
your right eye and 7 as seen with your left, this is a
parallax of 5 (7 - 2 = 5). (You may want to divide the
chalkmarks further to -make more precise measurements--to
measure a parallax of 5 1/2, for example).

Have a friend hold up a pencil for you to determine_the

parallax for several distances as you move away from your

friend. Be sure your friend stays in the same place while
- you move back. Keep your record on a chart like this.

DISTANCE FROM

PENCIL 01234567 891011 12 PARALLAX

Q 3 feet P‘ L*P i 6 spaces
6 feet Iqu~ > 3 spaces
9 feet > 2 spaces

12 feet |1d 1 space

Now answer these questions.

1. Does parallax get larger or smaller as the distance
increases?

2. 1Is there a distance at which you no longer see any
. parallax? BN

As you look at things with your two eyes, your brain
estimates parallaxes automatically. This is one way you can
tell which objects are near you and which are far away.
(You use other methods, too.) A small parallax indicates a
more distant object; a large parallax indicates a closer
object.
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Without parallax, you can't easily judge distance, even to
close objects. To demonstrate the idea for yourself, try
this. !"»bl1d a pencil in each hand. Close one eye and try to
touch the ends of the pencils together. What happens?

You have now demonstrated two basic ideas about parallaxes:

A. Two positions ére needed from which to sight (in this
case, your two eyes).

B. The parallax effect is smaller as the object is moved
farther away.

2
How would parallax change if your eyes were further apart?

Get a piece of cardboard or stiff construction paper. Punch
small holes in it in a straight line. Make the holes six

inches apart.

Have a friend hold the paper directly in front of you.
Perhaps you can fix up a support to hold it in place, since
you do not want it to change during the activity. Sight
through the first hole at a pencil held by another friend.
Then sight through’ the second hole. Record the parallax.
Now record the parallax using only your eyes, without the
paper. .

Notice that the first time the separation of your sighting
positions is 6 inches; the second time, 12 inches; the third
time, 18 inches.’

Base Line Parallax

3 inches (eyes)
6 inches

12 inches

18 inches

24 inches
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Wwhat conclusions can you draw from this table?

The separation between the two sighting positions—-between
two of the holes or between your two eyes--is called the
base line. The activity shows that when your base line is
longer, the parallax is greater. Can you imagine also that
with a longer base line, you could see the parallax of an
object farther away? Also, the parallax measured with
a longer base line is more accurate because it is easier to
measure large changes in position than small changes.

Perhaps you have seen pictures of range finders used in the
military services. These devices are artificial ways of
making the eyes seem further apart. With a longer base
line, a person measures greater distances.

TN
g \

TC OBJECT

You now know two more basic ideas about parallax.

C. The longer the base 1ine, the larger the parallax
effect.

D. The longer the base line, the greater the distance at
which the parallax effect may be seen.

Think again of the first activity you did on parallaxes.
You observed that the parallax becomes smaller as the

distance beccmes larger. Heré is a diagram which shows the
parallax for two different distances.
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Look at the two sets of lines in this diagram. Notice that
the lines zross at the pencil at different angles in the two
cases.

Which set of lines crosses at the smaller angle?

‘e

. Which pencil has the smaller parallax?
#aich set of lines crosses at the larger angle?
Which pencil has the larger parallax?

As the parallax becomes smaller, the angle at which the
lines intersect becomes smaller also. We call the angle of
intersection the parallax angle. The answers to the above
questions tell you something about parallax angles.

E. The' larger the parallax, the larger thé parallax angle.

’ F.  The greater the distance, the smaller the parallax
. angle.

Since the parallax angle changes the same way the parallax
does then,

G. The larger the base line, the larger the parallax
angle.

Part 3. Using The Parallax Effect.

You now know several basic ideas about the parallak effect
and parallax angles. One important idea is this. When you
use a certain base line, the farther away an object is, the
smaller the parallax angle. This 1is the basis for
measurement of distances in space. The idea is also used by
surveyors when they determine distances and cannot use
direct measurement.




The procedure works something 1like this. A base line f
known length is set up. From opposite ends of this base
line you sight at some distant object. From the object's
change in position against tlie background you determine its
parallax or parallax angle. Knowing the parallax angle and
the length of the base line you can determine the distance.

But exactly how do we measure the parallax angle? And how
does that really tell us the distance to the object? Let's
see how you figure out the size of a parall.x angle without
geing there to measure it.

To understand the procedure you must first learn something
about triangles. A trilangle is a figure with three angles.
It also has three sides. Here are some triangles.

N

© Activity . ’ -
Try drawing some triangles on paper. With your
protractor, measure the size of each angle. Add up the
sizes of the angles in-each triangle you draw. "~ Do yoa
get the same answer for each triangle? You should.
The angles in every triangle add up to 180 degrees.

Let us see how this fact about triangles helps a surveyor
measure the distance across a river. In our picture we have
a surveyor on one side of 'the river with a flagpote on the
other side. The surveyor's problem is to measure the
distance to that flagpole.

The surveyor first needs a base line from which to make his
observations. Suppose he sets up a base line 200 yards long
and puts a stake at each end. Then from one end of the base
line (position A) he sights first at the flagpole and then
at the stake at the other end of the base line. Now he
knows the angle between these two directions. Next he walks
to the other end of the base line and does the same thing
again. :

Notice that he has now measured the size ci tvo éngles in a
triangle. The triangle includes the flagpole and the two
ends of the hase line. .

22;
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1~ AT

A 200 vyards 8

Suppose that from position A the gurveyor finds an angle of
55 degrees between the flagpole and position B. When he
goes to position B and looks back, he finds an angle of 65
degrees between: position A and the flagpole. Look at the
diagram. Can you see that these measurements also tell us
the angle at the flagpole (our parallax angle)? It must be
60 degrees. Do you see how?

/#2+3 = /80° -
To make.a- scale drawing of this triangle, use a baseline of
two inches. On a sheet of paper, make this triangle with
the correct angle sizes. Now you can measure on this
triangle and determine what the true digtances really are.
Two inches equal 200 yards. Therefore 1 inch is 100 yards.
One-half inch is 50 yards. On your scale irawing, measure
the distance from each’'end of the base line tou the flagpole.
Measure the shortest distance from the pase line to "the
flagpole. Change your measurements back into ysrds.

For practice, try being the surveyor in these problems. Use
scale drawings.

/
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. Part

\.

l. A surveyor uses a base line 1 mile long. From one end

. of the base line he measures an angle of 75 degrees
between the base line and a smoke stack across a lake.
From the other end he finds an angle of 62 degrees.
What is the parallax anglé? What is the distance from
the first point to the smoke stack?

2. With a base line of ten feet, the well-known Asmonia
surveyor, Fido Phump, finds angles of 80 degrees and 60
degrees "as. he looks at a flagpole from either end of
his base line, How far is he from the flagpole?

4, The Moon's Distance.

The distance to the moon was first learned by using the
parallax effect. The parallax angle for the moon is the
angle made when we draw two lines from opposite ends of a
base line to the moon. ,We measure this angle by observing
the moon's position against the distant stars.-

.In the river examﬁle, the surveyor used a base line 200

yards long. If the river were much wider, he w?uld have
used a longer base line. -

For measuring astronomical distances, longgbase lines are
needed. The objects are very far away. A base line 200

yards long--or even a hundred. miles long--is too short .

because the parallax angle 1s not large enough to be
measured. ‘To find the distance to‘'the moon, our nearest big
neighbor in space, a base line which is thousands of miles
long is negessary. . .

: You may now be asking, "How do we measure the parallax angle

for the moon?" Llet's see. .In the sky we see the moon
against a background of stars. Any single star is so far
away that it appears in the same direction in space no
matter where we see it from the earth. This 1is because any
base line on the earth is so small. The actual difference
in direction to this star is much too small to be measured.

Now let's thiak about a special example. Suppose you are at
the north pole and you have & friend at the south pole. So
the horizon won't interfere with your observations, you had
both better climb to the top of a tall tower, While
shivering, you both point at a certain star. that you both
can see. You are both then pointing in the same direction.
The picture shows you and your friend pointing to this star.
On this diagram, the angle between the star and the earth's
diameter is 90 degrees for each of you.

23{(/

248

4




S POLE

T0 STAR

Suppose you both point to the moon. Now you no longer point
in the same direction as your friend. Next each of you
measures the angle between the direction to the moon and the
direction to the star. You each get an angle of about one
degree.

Here is the picture. .The angle between the earth's diameter
and the direction to the star for you is 90 degrees. The
angle _between the moon's direction must be 89 degrees.
The same thing works for your friend. These two angles of
89 degrees are two angles in a triangle. The remaining
angle must be two degrées. Why? And this is exactly the
parallax angle of the moon. The parallax angle for the moon
is 2 degrees with a base line of 8000 miles. With a scale
drawing you can now figure out the distance to the moon.

\%

’.

Using a protractor, draw an angle of 2°. Do this -as

‘carefully as you can. Find where the 1ines are a

quarter-inch apart. Let this one-quarter inch represent the
diameter of the earth, 8000 miles. What do you get for the
distance to the moon?.

% "earkh,

" .
}.f .eguals 8,000 n'ules

An early measurement of the moon's . parallax was made in
1752, -Two observatories were set up. One was in Germany,

211

249 . ' ‘



and the other was in South Africa. This gave astronomers a
base line cf about 5000 miles. The observations of ' the
moon's position among the stars gave the parallax angle of
the moon, and thus its distance. They found that the meon
is 240,000 miles away! -

Radar can now be used to measure the cuistance to the moon.
A radar set sends out a radio signal which bounces off an
object. The return echo is received by the radar set.
Radio signals travel at the speed of light, which is 186,000
miles per second. The U.S. Army Signal Corps sent a radio
sjgnal to the moon and received the echo in about 2.6

- seconds. Remewbering that this 1s the time for a round

trip, can you figure out the distance to the moon as
determined by radar?

Radar methods can 1so be used for a few of the closer
planets in the solar system. But remember that distances
within the solar system had been measured long before radar
was. invented.
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, Star Color and Composition

Adapted from an activity
Developed by National Aeronautics
and Atmospheric Administration

by
Victor J. Mayer

Objectives

When you have completed this activity you should\be able
to: .

4

1. Tell how the color of a star is related to its temperature.

2, Tell how astronomers identify the materials in the sun or a
star.’

3. Explain how to build a spectroscope. . .

Procedure- , -

Part A

The color of stars depend upon the temperature and material

of which the stars are made. Generally, red stars are

cooler than yellow stars, and yellow stars are cooler than

Wwhite stars. .

l.  Use a burner to heat a piece of iron wire. This wire
can be obtained from the hardware store or" variety
store as picture. hanging wire.

» , {E,

2. Increase thg temperature and note the change in colors.
For good viewing, this is best done in a semi-darkened
room.

_
(O .
N Wire pushed into corl. for eame
T~ of holding
L 4
Part B

When a material is heated to the point of radiating energy
in the form of 1light, this energy is peculiar to that
material. The light we see coming from burning coal is

f
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different from- that of a burning match. However, this
radiating energy does not always appear different to our
unaided eye.

Scientists have developed an instrument called -a
spectroscope which- enables them to distinguish between the’
colers of radiating matter. A 'spectroscope attached to a
telescope enables a scientist to look at a star and de-
termine what materials are radiating the 1light.

Materials

A< small replica grating (this may be called.a diffraction
grating in some of the catalogues of the- scientific supply
houses.) Make sure you do not epoil the grating by touching
it with your fingere. Soyrce: Edmund Scientific Company,
Barrington, New Jersey. )

<

"~

A ‘shoe box, or a large candy box that has qne long dimension
Two single-edged razor blades
An alcohol lamp, or a propane burner, or a candle

Table salt, epsom salts, baking powder, sugar, a variety
of salts obtained from your local drug store.

Cut a very thin vertical slit in the middle of one end of
the box. In the other end of the box cut a hole just a
tiny bit smaller than your piece of diffraction grating.

Tape the diffraction grating over the larger hole. Tape
the “two razor blades over the slit so that the edges of
the blade may be squeezed together to form an extremely
narrow and sharp slit. "

Hold the grating to your eye'and aim the slit toward an
incandescent light. You should see a beautiful spectrum

" of colors on each side of the slit on the inside of the
box. If your spectrum is above and. below the slit,
untape your grating and rotate it 90° and then retape
it to the box. Look again.
While you are 1looking in your “spectroscope, have
someone sprinkle a little of each of several chemicals
in a flame from your heat source. Can you see the
bright 1line fingerprints of each chemical? In most
materials you will see a bright’'orange line. The line
shows the presence of sodium which {s abundantly
present 1{in the compound of -table salt (sodium
chloride). - . -
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Grating toped
. " over hole

0 View through

- this end

. Razor Blodes
\] Lfgh' . with small
Source separation taped : - -
over hole. ‘ .

From an encyclopedia or other available source, gather -
: " some pictures of spettra of a variety of materials. Us-.
x ing your spectroscope, compare these spectra with those
you sée of the same materials. Remember that the
spectroscope used in commercial and astronomical work
" 18 an extremely sensitive and expensive apparatus.
,This will account for many noticeable differences in
Fthe picture of spectra and the spectra you observe.

. Use your spectroscope in examining many kinds of 1lights
" ** iincluding fluorescent lights, and "neon" lights. Neon
lights glow with a variety of colors because of the
presence: of differént gases in the tubes.

~

Part C

Read- about the 'different star types and discuss how the
astronomers know their contents«

Part D -

v

- . Obtain Fourth of July sparklers which burn with a variety of
colors.

Classify sparklers by identifying the colors with which they
burn. ;

Obtain a variety of materials that are used to produce
colors in a fireplace. ' -

Burn:sgveraf pieces of this material and observe the colors
with qhich the materials burn.
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Plotting an H-R Diagram

, "Glenn Chaple

Introduction

The Hertzsprung-Russell (H-R) diagram is a ‘onvenient way of

classifying stars by temperature and brightness. It 'shows the

. relationship between spectral class, color, .temperature, absolute

magnitude, and luminosity.

Objectives

s

" When you have completed this exercise you should be able to:

1.  Accurately plot a graph requiring two vériables per point.
2, Read the data from an H-R’ diagram and answer simple
questions concerning the information shown. .
3. Determine sévefai relationships between the temperature,
- brightness, spectral class, color and absolute magnitude of"
various.stars. .
Matefialé N
A pen and pencil i
A chart entitled THE BRIGHTEST STARS and THE NEAREST STARS
Procedure

"Begin your H-R Diagram by plotting in pencil the stars ffbh

the "Brightest Stars"” 1ist. Work carefully’ to avoid

mistakes. When £inished, plot in pen the stars from “the ,.
"Nearest Stars” list. Whe you have completed all plots,

answer the.questions on this page.
Which spectral class of stars is the most common?
Which spectral class is the least common?

Which kind of star tends to be the brighter - an M-type star
or a B-type star?

What is the relationship betweén the temperaturd of a star
and its brightness?
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5.

6.

On your H-R diagram, label the following groups: Main
Sequence Stars, Giants and Super-giants, White Dwarfs.

Relocate your plot of the sun and cirq}e it in'pencil. To
which of the above three groups (#5) does the sun belong?

Since stars of the same spectral class and brightness as our
sun might contain earth-like planets, they may be important
to future explorers. Name : star from your list that might
be worth exploring, because it is similar to the sun.

Which list (Bright Stars or Nearest Stars) offers a more
random star sample?
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STAR
1. SIRIUS A
B
2. CANOPUS
3. -CENTAURI A
B
4. ARCTURUS
5. VEGA
6. CAPELLA A
B
C
7. RIGEL A
B
8. PROCYON A
B

9. ACHERNAR

10. B CENTAUR
11. BETELGEUS
12. ALTAIR

- 13. ALDEBARAN A

I
E

14. "=CRUCIS A

15. ANTARES A
B

6. SPICa

i7. POLLUX

B

B

18. FOMALHAUT A

19. DENEB
20. B CRUCIS
21. REGULUS
22. ADHARA
23. CASTOR A
B
c
24. SHAULA
25. BELLATRIX

ERIC

IToxt Provided by ERI

B

THE BRIGHTEST STARS

SPEC.

Al
B8
FO
G2
K5
K2
A0
GO
MO
M5
B8
B9
F5
FO

. T5

Bll
M2
A7
K5
M2
Bl
B3
Ml
B4
Bl
KO
A3
K4
A2
BO
B7
B2
Al
A5
K6
Bl
B2

M. abs.

+1.4
+1i.5
-5.1
+4.4
+5.8
-0033
+0.5
-0.7
+9.5
+13.0
-6.8
-0.4
+2.7
+13.)
-1.0
-4,1
-5.5
+2,2
-0.2
+12.0
-4.0
-3.5
-4.5
-0.3
-3.6
+0.8
+2.0
+7.3
-6.9
-4.6
~-0.7
-5.0
+2.1
+2.9
+8.8
-3.3
-4.2

THE NEAREST STARS

STAR
1. The Sun
2, =Centauri A
B
C
3. Barnard's Star
4., Wolf 359

5. Lalandq 21185
6. Sirious A

B
7. Luyten 726 A
. B
8. Ross 154
9. Ross 248

10, E. Eridani -
11. Luyten 789-6
12. Ross 128
13. 61 Cygni A
B
14. E Indi
15. Procyon A
. B
16. Struve 2398 A
B
17. CROOM. 34 A
B
18.. Lacaille 9352
19. T Cetdi
20. BD+5° 1668
21. Lacaille 8760
22. Kapteyn's Star
23. Krueger 60 A
: B
24. Ross 614 A
B
25. BD=-12° 4523
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SPEC.

G2
G2
K5
M5
M5
M6
M2
Al
B8
M5
M6
M4
M5
K2
M5
M5
K5
K7
K5
F5
FO
M4
M5
M1
M6
M2
G8
M4
MO
MO
M3
M4
M5

M4

M.abs.

+4.8
+4. 4
+5.8
+15.0
+13.2
+16.8
+10.5
+1.4
+11.5
+15.4 -
+15.8
+13.3
+14.7
+6.°1
+14.7
+13.5
+7.5
+8.3
+7.0
+2.7
+13.0
+11.1
+11.9
+10.5
+13.2
+9.6
+5.7
+11.9
+8.7
+8.7
+11.8
+13. 4
+13. 1
+16.8
+12.0
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Aruitoxt provided by Eic:

H-R DIAGRAM

Spectral

2]

Class —> O B A F

Tem&c(r)aluu—)\ 2%000 ﬁ 5800

Color —>» blue biue white white yellow white  yellow

Drawn b

NAME

Red _ brightest stars
Black- nearest stars

orange

a
3000

red orange

Absolute Magnitude —> :}-‘ + +
No
1) ——

Luminosity Isun




