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Abstract

In this mini-course, students will explore various aspects of geology and earth science
through a series of interactive activities. The lessons explore geologic time, rock classification,
erosion , the water cycle, and plate tectonics and structural geology. Concepts such as geologic
time scales, the origins of life on earth, erosion and sedimentation, the importance of clean water,
and continental drift are addressed. The mini-course is designed to work for many age groups;
concepts that might be taught in one lesson to older students can be expanded to several days
for younger students. Activities include studying brittle and ductile (flexible) deformation using
FIMO™ clay and Snickers™ bars; recreating a Tyrannosaurus rex skull, complete with skin; and
re-enacting continental drift over the past 150 million years.



Course Description and Goals

Introduction

Earth sciences are very important in today's society, especially in the areas of resource
conservation and environmental protection. However, although many high schools are offering
courses in the earth sciences, geology and its related disciplines are often underrepresented in
pre-college curricula. This is unfortunate, since the earth sciences provide an excellent
opportunity to combine many concepts from other, more "traditional” sciences (biology, chemistry,
physics, etc). Additionally, the earth sciences can provide students with a more accessible
introduction to these topics, by demonstrating processes and concepts with easily observable,
everyday phenomena. Because the earth sciences are so important in today's society, and
because they offer a way to combine aspects of so many other scientific disciplines, | am offering
this mini-course as an introduction to the many facets of the earth sciences.

Mini-course goals

The main goal of this mini-course is to introduce the students to the main concepts of
geology and the related earth sciences. | would like to show the students the range and variety of
things that earth scientists do and to pass on some of my enthusiasm for geology. | also hope to
show them how geology combines so many aspects of other disciplines in a way that is
observable in their own back yard.

General Suggestions

The sessions described in this outline are geared towards younger students (3 to 4"
grade). However, | have included, where possible, ways to make the sessions more involved so
that older students can also benefit. Depending upon the level of your students, you might
choose to combine several sessions or split sessions into two or more parts in order to make sure
that they understand the material.



Biography

| am a second year graduate student at Cornell University. | am pursuing my Ph.D. in
geochemistry (which | hope to complete in three more years). | received a B.S. in geology from
the University of Delaware in 2000. While | was at UD, | discovered that | really enjoyed
teaching. | participated in several activities for elementary- and middle-school aged students.
For example, | helped to present a program called Engineering Your Tomorrows (EYT). In this
program, area Girl Scouts traveled to the DuPont Experimental Station and participated in short
activities to introduce them to principles of engineering and to female scientist role models. 1 also
presented tours of the UD Mineral Museum to local students.

| participated in GSSOP last year; | presented a similar program to the one described in
this volume to fourth graders at Belle Sherman Elementary School. | also participated in
Expanding Your Horizons (a similar program to YET), where | presented a program similar to
session 6.



Individual Session Descriptions

Session 1: The History of the Earth

Learning Objectives: By the end of this session, students should:
1. Know the approximate age of the Earth;
2. Know the relative times of occurrence of major events in the history of the Earth; and
3. Understand how fossils are used to determine what happened long ago.

Teacher Background: The Earth is approximately 4.55 billion years old. The first (very primitive)
life appeared approximately 2.5 billion years ago; modern humans only appeared 2 million years
ago. Because many students have a hard time grasping the relative sizes of such large numbers,
a time line can help them to understand when in Earth's history important events occurred. There
are many metaphors for geologic time; you may be familiar with some (condensing all of Earth's
history into one year is a common one). If you do not have access to a well-laid-out relative time
scale, there are several websites that provide interactive calculators (the timeline | use below was
obtained from http://www.athro.com/geo/hgfrl.html). These interactive applications are really
great, since they allow you to customize the length of the timeline to the length of your
classroom/hallway/gymnasium/etc. | have provided below measurements for a 10 meter long
time line.

Usually, during the production of the time line, at least one student will ask "How do you
know that that's when the first life appeared?"” or a similar question. This provides an excellent
segue into the second main topic of this session: fossils and age dating. This session gives an
introduction into how geologists determine the age of the Earth and what it looked like in the past;
the next session shows the students how fossils form and how paleontologists reconstruct
ancient animals from their remains.

There are several techniques that geologists use to determine the age of a rock body, but
probably the most well known is radiometric age dating. This method involves the measurement
of the concentration of a radioactive element in the body. Since radioactive elements decay at a
constant rate, if the geologist knows the initial concentration of the element in the rock body (the
initial concentration is generally known), he or she can determine how old the rock body is — that
is, how long it has been since it formed. This is an example of "absolute" age dating —
determining the actual, numerical age of a sample. Absolute dating techniques allow geologists
to put numbers on the timelines that we use. However, not all rocks can be dated absolutely; in
fact, most can't. Geologists then must rely on "relative" age dating to reconstruct the history of
the Earth.

Relative age dating consists of putting a "greater or less than" value on the age of a
sample. For example, a rock at the top of a cliff is probably younger than a rock at the bottom of
the same cliff. Geologists can relatively date rocks in two ways: by their position in a sequence
and by the fossils they contain. A rock's relative position in a sequence is obviously the most
accurate way of determining its age relative to other rocks in the sequence; however, this method
cannot be used to compare rocks from different areas, which is ultimately what we need to do to
reconstruct the history of the Earth. In order to compare rocks from different areas, fossils are
used to determine the relative age of the rocks. Since life generally evolves from simpler forms to
more complex forms (and the same life forms do not appear twice), fossils of ancient life can be
used to place rocks in a general sequence from oldest to youngest. For example, a rock that
contains ancient sea creatures called brachiopods (shelled organisms that resemble clams and
are now virtually extinct) is most likely much older than a rock that contains fossils of large
mammals such as the woolly mammaoth.

In addition to providing a way to place rocks in a time sequence, fossils can tell
geologists about what the Earth's climate was like in the past. For example, if a geologist finds a
rock in Ithaca, NY that contains fossils of sea creatures, he or she can deduce that, at the time
the rock formed, Ithaca was covered with an ocean. A rock containing fossils of tropical plants
indicates that a tropical environment existed at the time the rock was forming. By combining
relative and absolute age dating and deductions about the Earth's climate, geologists have
reconstructed the history of the Earth given in the timeline.



Materials:

large roll paper (e.g. butcher paper) the length of your timeline (I used 10 meters);
smaller individual timelines (e.g. 2" x 8 1/2") for each student;

colored markers;

meter stick (yard stick or ruler if using English measurement instead of metric);
5-15 newspapers;

optional: fossil samples and/or pictures of ancient life forms and environments.
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Activities: The first activity in this session is the creation of the geologic time scale. If the
students are not familiar with the concept of a timeline, it may be helpful to review this with them
before beginning. The students should each receive a slip of paper similar to that shown below:

Earth Forms Today
| |

4.55 billion years ago 0 years ago

Ask the students to look at their small timelines and mark on them where they think three things
happened: the first life appeared; the dinosaurs appeared; and the first humans appeared. They
should take 5-8 minutes to think about this and mark their papers. Then, roll out the large paper.
Mark out a line down the middle of the paper lengthwise (you can do this ahead of time) and mark
one end "Earth Forms, 4.55 billion years ago" and the other end "Today, 0 years ago" — it should
look similar to the small timelines that the students have. Ask each student to take a marker and
mark on the large timeline where they placed their three events on their small timeline. It may be
helpful to have all of the students put their marks on one side of the line (or with the same color),
so that you can mark the "correct” divisions on the other side of the line (or in a different color).
You may also make the marks for the students if they have difficulty writing or are shy.

Once all of the students have marked their three major events on the large timeline, you
should begin to mark the divisions shown below (the measurements given are for a 10 meter
timeline; other lengths may be used — see Teacher Background):

Distance from 0 (Today) Time Major Event

10 meters 4.55 billion years ago Earth forms

5.43 meters 2.5 billion years ago First (very primitive) life on Earth
1.18 meters 544 million years ago Trilobites appear (early ocean life)
1.09 meters 505 million years ago First snails appear

0.95 meters 440 million years ago First land plants/animals

0.53 meters 245 million years ago First dinosaurs appear

0.14 meters 65 million years ago Dinosaurs go extinct; early mammals
4 centimeters 2 million years ago First humans appear

0.02 millimeters 10 000 years ago Beginning of recorded human history

Usually, the students are pretty blown away by how recently in the scheme of things
humans (and even dinosaurs) appeared. It may be fun for the students to see examples and/or
pictures of different forms of life, such as trilobites, placed on the timeline where they appeared.
Many natural history books and historical geology textbooks contain artists' renditions of what life
was like early in Earth's history; in addition, there are many websites from which you can
download pictures and diagrams (e.g. http://www.uky.edu/KGS/education/timeimag.html).

The second activity in this session is the discussion of relative and absolute dating and
the uses of fossils. Newspapers provide a good metaphor for rock layers for this activity. Stack
the newspapers in chronological order with the most recent on top and the oldest on the bottom.
Without telling the students the order in which the papers are stacked, ask them how they might
figure out which newspaper is the oldest in the stack. Hopefully, someone will come up with




"Read the date off of the top of the paper.” This is a good answer. Next, ask the students to
imagine that someone has gone through the stack with a black magic marker and crossed out all
of the dates written on the papers. Ask them how they might figure out when a paper was printed
without that information. The students may come up with relative dating at this point — that is,
they might compare one newspaper to another and say that one is older. Explain to them that
this is a good idea, but that you want to know the exact date on which the paper was printed, not
whether it is older or younger than another paper. Hopefully, some of the students will figure out
that the date of a paper can be determined by what is printed in it — for example, a paper might
say "Happy Valentine's Day!" or "Merry Christmas!”, indicating that it was printed on February 14
or December 25. You may have to lead the students to these examples if they are younger or if
they don't figure it out. Next, ask the students how they might figure out the age of a newspaper
if it didn't have anything printed on it. This is where the relative dating that they may have
suggested earlier should come in. Explain that, if there is nothing written on the paper, there is
no way to determine exactly how old it is; but, if it is in a specific relationship with other
newspapers, its age relative to the other newspapers can be determined. Explain to them that
the stack of newspapers has been stacked in such a way that the oldest paper is on the bottom
and the youngest paper is on the top. Ask the students to give the relative age of two
newspapers in the center of the stack (is newspaper A older or younger than newspaper B?).

Next, ask the students to pretend that they are geologists and that the newspapers are
layers of rock. Explain to them that each of the three ways they came up with earlier for
determining the age of the newspapers has an analogy in geology. The first type of dating that
early geologists used was relative dating — determining whether one rock layer was older or
younger than another based on whether it was higher or lower in the sequence. This is similar to
the last kind of dating that they did with the newspapers. Later, geologists began to date rocks
based on the fossils they contained. Just as the students could say that a newspaper that says
"Happy Valentine's Day" was printed on February 14, geologists can look at the fossils in a rock
and determine how long ago it formed. Most recently, geologists have found a way of dating
rocks that is similar to reading the date on a newspaper: radiometric dating. This may be too
involved for younger students; it can be left out if you feel it would not benefit the students. On
the other hand, older students might enjoy exploring the concepts a bit further.

The final activity in this session is the discussion of the various uses of fossils. This does
not take long, and can be introduced in session 2 if time runs short. Ask the students how they
think geologists know what the Earth looked like in the past (it may be helpful to show pictures of
the Earth during various times in the past). It is likely that some of the students will suggest that
geologists look at the rocks and figure out how they must have formed. Explain to them that this
is a good answer, and that geologists definitely use rock type to determine past environments.
Then ask them how a geologist might tell the difference between sand that was formed near a
river and sand that was formed near an ocean — that is, how do we know what the environment
was like if the rock types are the same? The most appropriate answer is that geologists can use
the fossils in a rock to determine the environment in which it formed. You might ask the students
to guess the environment of formation of several rocks with different fossils in them (for example,
a rock containing fossils of clams and seaweed [ocean environment]; a rock containing fossils of
an elephant and a giraffe [desert or plains environment]; or a rock containing polar bear fossils
[cold, icy climate]).



Session 2: Fossils and Reconstruction

Learning Objectives: By the end of this session, students should:
1. Understand how fossils form and which parts of an organism are likely to be
fossilized; and
2. Be familiar with how geologists reconstruct what ancient organisms looked like based
on the fossils they left behind.

Teacher Background: This session is based primarily upon an activity from the Kentucky
Geological Survey entitled "Draw T. rex" (http://www.uky.edu/KGS/education/trex.html). It is
designed to introduce students to how fossils form and how paleontologists (geologists who study
ancient forms of life) know what ancient organisms looked like based on the fossils they left
behind.

Fossils are the remains of ancient life. They can be anything indicating that an organism
once existed, from actual remains such as bones or teeth to so-called "trace" fossils such as
footprints. There are three possible ways that a fossil can form. First, an organism may leave an
impression or imprint in a soft sediment (such as mud or sand), which then hardens and
preserves the imprint. Second, part of an organism (such as a bone or a shell) can be buried in
sediment and preserved. Usually, remains that are buried in this manner are remineralized, or
replaced by a mineral that takes the form of the remains. These are the most common kinds of
fossils. Finally, and most rarely, an organism may become trapped in a substance (such as
amber, ice, or tar) that preserves the organism completely.

Usually, only the "hard parts" — shells, bones, teeth, etc. — of an organism are preserved
as fossils. This is because hard parts are primarily made of inorganic compounds, whereas "soft
parts" — muscles, skin, etc. — are primarily organic and decay once the organism dies. Rarely,
the soft parts of an organism will be preserved as mentioned above; sometimes, imprints of the
skin of an organism may also be preserved. Usually, though, only the hard parts of the organism
remain. Paleontologists must use the preserved hard parts to determine what the organism
looked like. For organisms like clams and snails, determining the exterior appearance of the
organism is not very difficult, since the hard parts that are preserved (the shells) generally show
what the organism looked like. However, for more complex organisms, paleontologists have a
harder time reconstructing the organism. They must use clues that are preserved in the fossils —
such as muscle attachment marks preserved in bone — and analogies to present forms of life to
imagine what an ancient creature may have looked like.

Materials:

n "Draw T. rex" worksheet (available online from the URL given above or from
appendix | of this manual) — each student should have one, and you should make an
overhead transparency of it;

n images of modern large animals, such as crocodiles, elephants, and ostriches, for the

students to look at;

pencils for the students to draw with, and crayons if they wish to color their drawings;
overhead projector, chalkboard (or whiteboard), chalk (or whiteboard markers);

n optional: T. rex skull and soft parts images (available online or in appendix I).

n
n

Activities: Ask the students for examples of fossils. Most students will come up with bones, since
dinosaur bones are the most familiar fossils for most children; some may think of teeth, footprints,
shells, or other items. If the students can only think of bones, you may want to add shells and
teeth to the list in order to facilitate the discussion later. Write the ideas on the board; write any
trace fossils — footprints, etc. — in a separate column from the other fossils. If the students do not
come up with any trace fossils, you may either introduce them or not discuss them, depending on
the time constraints and the age of the students. If trace fossils are included, ask the students if
they can think of a difference between the trace fossils and the other fossils, which are known as
"body fossils." You may have to lead them to the main difference, which is that body fossils are
actual remains of ancient organisms, while trace fossils only show that life was once there. Next,
ask the students to consider the list of body fossils. Ask them if they can think of something that



all of the body fossils have in common. Have the students think of their own bones, skin, and
muscles. What is the difference between their bones and their muscles and skin? It may help
them to feel examples of each — they can feel their bones in their wrists, make a muscle in their
arm, or pinch the skin on their stomach. Explain that usually, only the hard parts — like bones,
teeth, and shells — of an organism are preserved, since the other, softer parts decay very quickly
when the organism dies. Tell the students that most fossils are found in rocks, and ask them why
they think this is so. Usually, when an organism dies, it is buried by mud, sand, or other
sediment; when that sediment turns into rock, the hard parts of the organism are embedded in the
rock. You may also discuss the other types of fossilization discussed above (see Teacher
Background) if time allows and it is appropriate for the students.

Ask if any of the students know what a person who studies fossils is called. If the
students are old enough, usually at least one of them will know that a geologist who studies
fossils is called a paleontologist. It may help to write the word on the board, since it is easy to
sound out. Explain that paleontologists reconstruct what ancient organisms looked like by
studying their fossils. You may show images of dinosaurs and other ancient creatures and
explain that these pictures are based on the studies of paleontologists. Tell the students that
many paleontologists study modern animals in order to figure out what ancient animals' skin and
muscles might have looked like. Have the students look at pictures of modern large animals,
such as crocodiles, elephants, and ostriches. Ask them to describe the animals' skin: is it bumpy
or smooth? Scaly or furry? What color is it? Does it have stripes or spots? Ask them to
describe only the skin of the reptiles — how is it different from the skin of the mammals and birds?
Write down the descriptions that they come up with on the side of the board, so that they will be
available later while the center of the board is being used for drawing.

Tell the students that they are now going to become paleontologists for a day, and they
are going to reconstruct a Tyrannosaurus rex skull in the same way that paleontologists do. Put
up on the overhead projector the photograph of the T. rex skull and hand out the "Draw T. rex"
worksheet to the students. Tell the students not to start yet. The skull in the photograph is a cast
of the skull of a T. rex from South Dakota (nobody knows what his name was when he was alive,
but paleontologists today call him Stan). If there are two overhead projectors available, you can
move the photograph to the second projector while using the main projector for the drawing;
otherwise, the photograph can be removed. If you feels it is appropriate, the picture of the soft
parts of the T. rex skull can be shown at this point. Explain to the students that, even though the
soft parts aren't preserved, they leave traces that they were there — for example, muscles leave
"scars" where they attach to bones — and paleontologists can use these clues to figure out where
the soft parts were.

Put up the "Draw T. rex" worksheet overhead and dim the lights. Ask the students what
part of Stan's body his skull comes from (his head). Ask them what kinds of things cover the
bones in their head — muscles, skin, and hair will probably be mentioned. Explain that Stan was a
reptile, so he probably didn't have hair. Ask the students if they can see the muscles on their
neighbor's head — no, the skin covers it. So the first thing the students will draw on their
worksheet is Stan's skin. Use the projected image as a guide to draw on the board, and have the
students follow along on their own papers. The long-dashed lines on the outside of Stan's skull
show where the skin should be drawn in. The lines don't exactly follow the bones of Stan's skull,
just like the skin on the students' faces doesn't lie directly on their facial bones — the lines have
been drawn to account for the muscles that Stan had in his jaw and cheeks. You should check to
make sure that the students are connecting the correct lines (a completed worksheet is provided
in appendix | for reference).

Next, point out the holes in the upper part of Stan's skull. Ask the students to (gently)
feel their own faces and say where there are holes in their skull bones — their eyes and nose.
Ask them which of the holes on the top of Stan's skull they think was his nose. If they have
trouble, have them think of the pictures of animals that they looked at earlier (or of pets they may
have) — are their noses at the front or the back of their heads? Explain that Stan's nose was
probably located over the hole at the front of his skull. Ask the students what color the insides of
their noses are (dark or black). Tell them to color Stan's nose dark with their pencils; color the
nose hole of the projected image on the board with chalk or marker.
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Next, ask the students which hole they think Stan's eye was in. Many students will
indicate the hole directly behind the nose; explain to them that this hole is much too big for an eye
hole, and that it was probably there to make Stan's skull lighter. Bone is heavy, and if Stan's skull
didn't have those big holes in it, he might have a hard time holding his head up! Instead, Stan's
eye was probably in the smaller hole third back from the front. Tell the students that, in some T.
rex skulls, tiny bones have been found that show that the eye was found in the top of this hole.
Have the students look at the various eye shapes on the worksheet. Explain to them that, since
eyes are soft parts and aren't preserved, we don't know what Stan's eyes looked like. Have them
choose the kind of eye that they think Stan had and draw it in the top part of the eye hole.

Check to make sure that they do not draw the eye too big or in the wrong hole. Draw an eye in
the eye hole of the projected image on the board.

Ask the students to look at the eyes of the person beside them. What is around their
eyes? They should come up with eyelids, eyelashes, and eyebrows. Tell them that, since Stan
was a reptile, he didn't have eyelashes or eyebrows, but he definitely had eyelids. In fact, he
probably had really big eyelids. Have the students draw several U-shaped lines below Stan's
eye. If they want Stan to look mean, they can make his eyelids very dark and heavy. Draw
eyelids on the projected image.

Next, the students will draw Stan's mouth. Explain to them that they will draw the mouth
in stages. First, have them look at Stan's teeth. Parts of them have been outlined in light ink,
and other parts are darker. Ask the students if they have ever lost a tooth. Hopefully, at least
one of them will have lost a tooth. Ask them if they tooth that they lost looked exactly like the
teeth they see when they look in their mouth. Explain that part of their teeth is covered by their
gums, and that Stan had gums, too. The darker parts of Stan's teeth were the parts that poked
out of his gums, and the lighter parts were covered by his gums. Have the students connect the
lines dividing the dark parts from the light parts of Stan's teeth. The lines should be
approximately horizontal, and should meet the jaw just past the last tooth (see the completed
worksheet in appendix I). The students may notice that some of the teeth are below the gumline;
explain to them that Stan had baby teeth, just like they do, and that he lost them — but that he
actually kept losing teeth throughout his life! Stan, like many modern reptiles, continually
replaced his teeth so that they were always sharp. NOTE: you should be sure to trace over the
teeth on the blackboard so that they show up when the projector is turned off.

Have the students open their mouths. If they look at one another from the side, can they
see all the way to the backs of their mouths? No — there is a layer of skin that starts about
halfway back. Stan had a similar flap of skin in his mouth, but it was a little bit further back. Have
the students draw in the flap of skin as shown in the completed worksheet in appendix I. Then,
have the students look at their neighbor's mouth once more. What is in their mouths that is
missing from Stan's? A tongue! Have the students drawn in Stan's tongue. If they don't want to
draw the tongue, they don't have to — sometimes, Stan's tongue was on the bottom of his mouth,
and it couldn't be seen from the side. Finish drawing Stan's mouth on the projected image.

Ask the students what they think is missing from Stan's skull. At this point, Stan is naked
— he doesn't have any skin! Ask the students what kind of skin the reptiles they looked at earlier
had. Refer them to the list of words on the board, if it is still there. Words like scaly, bumpy, or
pebbly are good descriptions of reptile skin. Explain to them that some imprints of dinosaur skin
have been found, so paleontologists know that they didn't have fur or feathers, but that the types
of scales that dinosaurs had were very variable. Have the children look at the different scale
patterns on the worksheet. Tell them that any of those patterns — or others — might have been
what Stan's skin looked like; have them choose the one that they like and cover Stan's head
(except his eye, nose, and mouth parts) with it. The students might want to put patterns in the
scales or model them after skin they saw in books or on their pets at home. Covering Stan's
head with skin should take about 5-10 minutes.

Turn off the overhead projector and turn up the lights. There should be a T. rex skull
staring out at the students. The students may color their pictures or leave them in black and
white. They might want to discuss why they chose particular scale patterns or colors.
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Session 3: Rock Classification

Learning Objectives: By the end of this session, students should:
1. Be able to name the three different rock types;
2. Understand how geologists classify rocks; and
3. Give an example of each different rock type.

Teacher Background: Geologists love to classify things. We spend years — sometimes even an
entire career — putting things (rocks, fossils, sediments, etc.) into categories in order to try to
understand them more completely. Since the science of geology starts with rocks, it should be no
surprise that rock classification is a fundamental part of geology. When one examines different
kinds of rocks, several possible classification schemes present themselves. For example, one
might classify rocks by color; texture; hardness; or layering. However, geologists do not use any
of these classification schemes (although all of these characteristics are used to put rocks into the
actual categories that we use). Instead, we classify rocks based on how they have formed.
There are three main rock types used by geologists: igneous, metamorphic, and sedimentary.
Each type has distinctive characteristics.

Igneous rocks are formed when melted rock cools. Melted rock that is under the surface
of the earth is called magma; when it rises to the surface and erupts out of a volcano, it is called
lava. As the magma or lava cools, different minerals start to crystallize. If the magma cools very
slowly, large crystals form; but if it cools very quickly, no crystals may form at all. In fact,
geologists can tell by looking at the sizes of the crystals in an igneous rock whether it cooled
quickly or slowly. Because the surface of the earth is so much colder than lava (lava is usually
between 600 and 1200 degrees Centigrade when it reaches the surface), lava that is erupted
cools very, very quickly. In fact, it may cool so quickly that the gases trapped in it don't have time
to escape from the liquid before it hardens. Bubbles of gas trapped in hardened lava are called
vesicles, and they are a classic indicator of an igneous rock. Another way that geologists know
they are looking at an igneous rock is by its texture. A rock that cooled very quickly will have a
very smooth, uniform texture; it may even appear glassy. A rock that cooled slowly will contain
crystals of different sizes, and may have some very large crystals. In general, igneous rocks
don't have layers or bands in them.

Metamorphic rocks are formed when rocks are heated and put under pressure, but not
enough to melt them. Perhaps the best analogy for a metamorphic rock is a chocolate-chip
cookie. When one bakes chocolate-chip cookie dough, the chips may soften and melt slightly,
and the cookie undergoes a fundamental change (it looks a lot different after it is cooked than
before). A similar thing happens when rocks are "baked" underneath the surface of the Earth.
When a rock (any kind of rock) is buried very deep, it is put under enormous pressure and very
high temperature. This is enough to soften the rock and change it chemically, but not enough to
melt it (if it melted, the resulting rock would be igneous, not metamorphic!). Metamorphic rocks
often look very different from the rocks from which they formed, although it may be possible to
determine the kind of rock that was initially buried (for example, an igneous rock that contained
large crystals might retain those crystals when it is metamorphosed, although they may be altered
and distorted). Geologists can tell that a rock is metamorphic by its texture and the structures in
it. Metamorphic rocks do not have sandy or clayey textures like sedimentary rocks, but they also
do not have glassy or crystalline textures like igneous rocks. Metamorphic rock textures are
somewhere in between; they may have many shiny or "platy” minerals, such as micas, in layers.
Metamorphic rocks often contain interesting bandings and textures; they may have swirls, curves,
or folds in the layers (these help to distinguish them from sedimentary rocks).

Sedimentary rocks are formed from sediment, which is composed of broken-up pieces of
other rocks. These other rocks can be igneous, metamorphic, or even other sedimentary rocks —
what is important is that they have been broken into smaller pieces. Keep in mind here that
"smaller” is a relative term — some sedimentary rocks contain pieces the size of boulders!
Sediment can be really any size; the important thing that distinguishes it is how it is transported.
There are three main transport agents for sediment: wind, ice, and water. Water is by far the
most important, and we will discuss it in more detail in sessions 6 and 7. As rocks are eroded
(broken down), the pieces are transported to another location and deposited. During transport,
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the "parent"” rocks are often broken into very tiny pieces, such as sand and clay. Once the
sediment is deposited, it is compacted by the weight of the sediment above it and it hardens to
form a rock. Some characteristics that geologists use to classify a rock as sedimentary are its
texture; its layering; and whether it contains fossils. Sedimentary rocks are the only kind of rocks
that can contain unaltered fossils (metamorphic rocks can, rarely, preserve a fossil or two, but
they are usually highly distorted), so a rock with a fossil in it is a sedimentary rock. Also, because
sediment is deposited in layers, the presence of banding or layering in a rock can indicate that it
might be a sedimentary rock (although metamorphic rocks can also have banding). Finally, the
texture of a sedimentary rock often makes identification easy — sedimentary rocks may feel
sandy, clayey, silty, or have large pebbles in them.

Most of the rocks that we are probably familiar with from this area are sedimentary.
Common sedimentary rocks include sandstone (sandy texture, often crumbly); siltstone (a
somewhat smoother texture than sandstone, but still slightly gritty); and shale (very smooth, often
soft — a common rock type around here). Igneous rocks that many students may be familiar with
include granite (large crystals, often black and white or pink and white); obsidian (“volcanic
glass"); and pumice (a highly vesicular, very light weight rock — looks like hardened foam). Some
common metamorphic rocks include marble (smooth, possibly lightly banded) and slate
(metamorphosed shale — highly plate-like, with no visible bands).

Materials:
n samples of different rock types (two or three of each type for each group of 3-5
students should be sufficient);
chalkboard, white board, or large poster paper;
chalk or markers
optional — paper and pencils for each student group;
optional — local rock samples brought in by the students.

33335

Activities: Divide the students into groups of 3-5. Give each group two or three samples of each
different rock type. Give the groups 5-10 minutes to divide the rocks into three groups, using
whatever classification scheme they can come up with. You may ask the groups to write down
the scheme that they use on their individual sheets of paper. When each group has divided their
rocks into three groups, bring their attention back to the front of the room. Go around the room,
asking each group to explain to the rest how they divided their rocks. Write down on the board
the general schemes used, as well as any words or phrases that the students use to describe the
rocks (such as shiny, black, striped, or crumbly). Most groups will classify their rocks based on
color, texture, or size. Explain that these are all good classifications, but that characteristics such
as color and size are difficult to compare between people (for example, what | call "dark red"
might be "brown" to someone else) or are easily altered (for example, a "big" rock can easily be
broken into a "small" rock without really changing the rock). Because geologists work all around
the world and need to be able to compare rocks with each other, they have decided to classify
rocks based on how they formed. Ask the students to think of ways that a rock might form. Most
groups will come up with some form of sedimentation (streams or oceans, for example); some
students may suggest lava or volcanoes; rarely, a student might suggest mountain building or
some similar metamorphic event. Introduce the three main rock types one at a time, using
analogies that the students may be familiar with (for example, chocolate-chip cookies for
metamorphic rocks, or sand at the beach for sedimentary rocks). It may help to write the words
on the board and have the students repeat them. Next, ask the students to look at the list of
descriptive words that they came up with and see if there are any that might help a geologist
figure out how a rock formed (words like layered, bumpy, or holey). Give examples of some
characteristics of igneous, metamorphic, and sedimentary rocks. With the students, go over the
rock samples that they were given at the beginning of class and ask them which group they think
each rock belongs to. As they classify each rock, tell them its name and explain how it formed. If
there is sufficient time, you may introduce the rock cycle (see appendix Il). Finally, if the students
have brought in samples of rocks from places they've been, you may help them to classify their
samples and even assign a name to them.
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Session 4: Maps

Learning Objectives: By the end of this session, students should:
1. Be familiar with how a geologic map differs from an ordinary map;
2. Be able to read a map legend; and
3. Be familiar with the general geology of the area in which they live.

Teacher Background: Most people are familiar with the concept of a map. However, the maps
that most people are familiar with are generally not the kinds of maps that geologists use the
most. Geologists primarily use two different kinds of maps: contour maps and geologic or
bedrock maps. Although contour maps are not discussed in this section, you might choose to
introduce them if the students are older or if more time is available. In this session, the focus will
be on geologic (bedrock) maps, which show geologists what type of rock underlies the area the
map covers. Geologic maps contain a great deal of information besides rock type, though. They
also tell geologists how old the rocks are; how the rock layers are oriented (whether they are
folded, tilted, etc.); and where rivers and streams are located.

The first thing that most people notice when they look at a geologic map is the color it
contains. Each color in a geologic map indicates a different formation, or distinct rock type
exposed at the surface. Each formation may be exposed in many different places, especially in
areas that have been heavily deformed (such as the Appalachians, which have been crushed and
folded like an accordion — see session 5 for more discussion about this). The colors on a
geologic map show where each formation is exposed at the surface. The legend contains a
description of the formation that each color represents, as well as its age. Often, the legend is
organized such that older formations are at the bottom of the legend, with younger formations at
the top. This helps geologists to determine at a glance which colors represent older rocks and
which represent younger rocks, without having to read the legend closely.

Geologic maps often contain many symbols with which most people are not familiar
(these symbols will not be discussed here, as they require a more detailed understanding of
structural geology and stratigraphy than can be taught in this mini-session; however, older
students may benefit from additional study in this area). One type of symbol, though, that almost
everyone recognizes is that for a river or a stream. Geologic maps show the positions of rivers,
streams, and lakes; sometimes, they may show "abandoned" or dry river or stream beds. They
may also show the locations of major roads or buildings, but this is less common and is not the
primary function of a geologic map.

Materials:

n geologic map of a nearby region (or of the town in which the students live, if
available);

n road map of the town in which the students live;

n foamboard;

N string;

n pins or thumbtacks (two for each student in the class);

n rock samples (collected by the students from the areas in which they live);

n glue (superglue will work best, but regular white glue will work if allowed to dry
sufficiently);

N pencils;

n markers or crayons;

n photocopies of the local road map for each student.

Activities: Several days before this session, ask each student to bring in a small (2-3 inches in
diameter at the most), clean rock from somewhere in town. It could be from their backyard, a
nearby park, etc. Tell them to remember where they picked up the rock from (they might want to
write it down), and tell them to make sure that they get a sample of rock from the ground, and not
from driveway gravel or similar "man-made" sources. If the students are not familiar with the
concept of a map, you may want to review this with them before proceeding. You should also
mount the road map of the town on the foamboard before the beginning of the session.

14



Hold up the geologic map next to the road map so that the students can see both. Ask
the students to list differences between the maps. They may mention the colors on the geologic
map, or that the geologic map doesn't have as many roads on it. Explain that the geologic map
looks different because it shows different information than the road map. Tell the students that
geologists make maps like this by traveling through the region and marking down what type of
rock is exposed at the surface. Geologic maps are used to figure out the geologic history of an
area. By looking at how the rock formations are related to each other, geologists can determine
how they formed and what happened to them later. Tell the students that they are going to make
a geologic map of the town in which they live.

Each student should have a small rock sample from somewhere in town (you might want
to bring in several samples in case some of the students have forgotten theirs). Have each
student show on the road map where his or her sample is from. Pass each sample around the
room to let every student look at it. Ask the students to list words that describe the sample; if
possible, have the students identify the rock name of each sample. Using super- or white glue,
attach each sample to the blank foam board surrounding the road map. Run a piece of string
from the rock sample to the point on the map where it was found. Attach the string to the foam
board using two pins. Write the rock name, if it is known, beneath each sample on the foam
board.

Hopefully, once all of the samples have been mounted and labeled, some patterns
should be apparent in the layout of the rock types. Hand out photocopies of the road map to
each student. Explain to the students that they are going to be geologic map makers. Place the
large road map with the rock samples in the center of the classroom or in a place where all of the
students can see it easily. Tell the students that, when geologists make maps, they classify all of
the different rocks they see into groups with similar characteristics, called formations. Using the
rock names and the descriptive words they came up with, the students should attempt to classify
the rocks into different formations and color in the areas in the map where each formation is
exposed (as indicated by the rock sample locations). The students should create a legend
showing the different formations and the colors that they have given them. Give the students 10-
15 minutes for this. When they have finished, if time remains, they may share their maps with
their classmates and explain how they came up with their classifications.

Note: If you feel that the students may not understand how to classify the different rocks
into formations and label their maps, the class may do this as a group, using the large road map
as a reference.
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Session 5: Earthquakes, Seismology, and Plate Tectonics

Learning Objectives: By the end of this session, students should:
1. Understand the difference between brittle and ductile deformation;
2. Know why earthquakes occur; and
3. Know the approximate positions of Earth's plates at various times in the past.

Teacher Background: Although many of us think of the continents as stable and unmoving,
nothing could be further from the truth. In fact, every continent on Earth is moving in some
direction at a rate of several millimeters to several centimeters per year (this is about as fast as
fingernails grow). This can occur because the Earth's crust is not one single unit, but is
composed of many tectonic plates (see figure below; the heavy black lines indicate the
boundaries between the tectonic plates). These tectonic plates are constantly moving around,
changing shape and size. Many of the plates have continents on them, but some underlie only
ocean.

o~ =07 a0 =" 1207 1607 1807 1507 1207 rlog aor =07 ar

The tectonic plates have been moving for most of Earth's history. The continents as we
know them today have not always been present, but there have been continents of some form for
most of the past. Because the plates on which the continents sit move around, the continents
have moved around in the past (and are still moving today). The figures below show the
approximate positions of the continents at several times in Earth's history. Since the plates move
so slowly, geologists didn't know that they were actually moving until very recently. One may
reasonably ask how we know where the boundaries are between plates and how we know that
they are moving.

Evidence for plate motion is all around us. As the plates move, they rub and grate against each
other. The motion of the plates causes the rock at the boundaries to deform. Probably the most
familiar type of deformation is brittle deformation. If a rock breaks when it is subjected to stress,
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brittle deformation has occurred. When tectonic plates rub against each other, they sometimes
stick together. Eventually, enough stress builds up that the rock breaks (brittle deformation),
causing an earthquake. Plates can also collide with each other, rather than rubbing against each
other. When plates collide, a tremendous amount of heat and pressure is produced. The heat
and pressure causes the rock to deform in a ductile fashion — that is, it bends and folds instead of
breaking. It may be difficult to think of a rock as bending like taffy, but one only needs to look as
far as the Appalachian mountains to see evidence of it. When the rock is compressed in a plate
collision, it folds and crumples, much like the hood of a car when it hits a wall. The folds and
crumples produce very tall mountains, such as the Himalayas. Geologists can use the locations
of mountain ranges as indicators of previous plate collisions. For example, the Appalachian
mountain chain along the northeastern coast of North American is the result of a plate collision
between the North American plate and the European plate about 400 million years ago. The heat
produced when two plates collide can also be enough to melt some of the rock. The resulting
magmas can erupt as a volcano.

Plate interiors, where there are no boundaries, usually do not have very many
earthquakes or volcanoes. So by looking at maps of the distribution of earthquakes and
volcanoes, geologists have been able to deduce where the plate boundaries are. We can also
determine the approximate direction and rate of motion of the plates, using instruments such as
the Global Positioning System (GPS). By extrapolating backward in time, geologists can
reconstruct what the Earth's tectonic plates might have looked like in the past. The maps on the
next page show global seismicity (earthquakes, top) and volcanoes (bottom). A quick
comparison with the plate boundary map will show that almost all volcanoes and earthquakes are
concentrated along plate boundaries. In this session, students will learn the difference between
brittle and ductile deformation and reconstruct the positions of the tectonic plates through time.
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Materials:

n map showing continents and oceans (above);

n foamboard or posterboard cutouts of geologic plates, for reconstruction (you can
either find diagrams showing the positions of the plates through time or use the ones
above. You should cut out seven “continents": North and South America, Africa,
Asia, Europe, Australia, and India. Europe, Asia, and India should be separate
pieces, since they were not always connected);
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small candy bars (ones with caramel work the best. Avoid solid chocolate. | have
had pretty good results with Snickers®; Caramello® or Charleston Chew® might
work well too), enough for everyone in the class;

Sculpey® or Fimo® clay, in a variety of colors (one block for every two students);
paper plate, waxed paper, or aluminum foil (to lay the clay on);

knife or string (to cut the clay);

optional: printouts of maps showing global seismicity and volcanoes (above).
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Activities: Before this session, put half of the candy bars into the freezer (they should be pretty
solid by the time the students get them). The other half should be left somewhere warm for an
hour or so before the session (they shouldn't melt, but they should be very soft and pliable).

Show the students the map of the continents and the oceans. Ask them if they notice
anything about the shapes of the continents. Some of the students may point out that South
America and Africa seem to "fit" together. Explain that the Earth's crust is not one single slab of
rock like the skin on an orange, but is actually broken into many pieces (like ice on a lake). Tell
the students that the pieces are called tectonic plates (it may help to write some of these words
on the board for future reference), and that they move around the surface of the Earth. South
America and Africa look like they might "fit" together because, at one time, they did! Explain that
the plates move very slowly (about as fast as fingernails grow), so it takes a very, very long time
for them to move a noticeable amount. Tell them that the continents have not always been in the
same place, and that geologists can figure out where they were at different times in the past.
Divide the students into eight groups. Give each group one of the continent cutouts. Using the
figures in the Teacher Background as a guide, position each continent as it would have been 150
million years ago. Tell the students that this large, single land mass was known as Pangea.
Have the students reposition themselves as the continents would have appeared at 100 and 65
million years ago, and finally as they are today. You may take photographs of each time period to
put on a poster or report. Tell the students that they have just relived 150 million years in 10
minutes!

Ask the students if any of them have ever been in an earthquake. Ask them to describe
what it felt like. Then ask if any of them know why earthquakes happen. Explain to the students
that earthquakes happen when two plates are sliding past one another. Have the students press
the palms of their hands together. Now tell them to push their hands past one another. The
students should notice that their hands stick together until they have applied a lot of force, at
which point their hands slip apart very quickly. Explain that a similar process goes on when
tectonic plates slide past one another: the plates stick together for a little while, but then they slip
suddenly. This sudden movement is what causes an earthquake.

Ask the students what happens when a rock is hit by a hammer other sudden force (it
breaks). Ask them what happens when chewing gum or silly putty is stressed (it stretches or
folds). Explain to them that, if a lot of stress is applied to a rock very suddenly, it breaks, but if the
stress is applied over a long, long time (and/or if the rock is heated), the rock can actually bend
and fold, just like chewing gum. Divide the students in half. Pass out the frozen candy bars to
half of the students and the soft candy bars to the other half of the students. Tell them to place
the candy bars on their desks or on the floor in front of them and not to open them yet. Tell the
students that half of the candy bars have been in the freezer and are very hard, and the other half
have been sitting in the sun and are very soft. Have the students with frozen candy bars open
their bars and try to break them in half with a quick bending motion. If the candy is very frozen,
they may have a hard time with this. Make sure that they don't try to break the candy bars with
their teeth. Hopefully, at least some of them will be able to break their candy bars in two. Have
one or two of the students describe what the candy bar looks like. Next, have the second group
open their candy bars and perform the same breaking motion. The soft, warm candy bars should
bend easily and the caramel should stretch. Have the students describe what their candy bars
look like. Explain that the frozen candy bars acted like rock that is at or near the surface that had
a sudden stress applied to it (earthquake), but that the soft candy bars show the way the rock
deforms when it is buried and heated and exposed to gentle stress for a long time. The students
may now eat the candy bars.
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Ask the students if they have ever seen or been in a car accident. Ask them to describe
what the front of a car looks like when it has hit something. They should come up with words like
crumpled, folded, or bent. Explain to them that tectonic plates can collide, too. Ask the students
what they think would happen when the plates collide. Would it produce flat, level terrain or
raised, rugged terrain? What kinds of places on Earth can they think of that might be places
where tectonic plates are colliding or have collided? They should be able to name a few large
mountain ranges such as the Himalayas or the Andes.

Give each student a half a block of Sculpey® or Fimo®. Give them a minute or two to
work it with their hands and get it soft, and have them flatten it into a thin layer. Tell them that
they are going to make a mountain range, but first they have to make the rock that will be
deformed. One by one, have the students place their piece of clay in a pile on the paper plate,
waxed paper, or foil. The layers do not have to be the same size or thickness, nor do they have
to be centered relative to each other. Press each layer into the pile as it is added, being careful
not to blend the clay too much. When every student has added their layer, hold up the completed
pile. Explain that this is a continent, and that it is going to collide with another continent (your
hand). Press the sides of the pile together to form something that looks similar to an accordion or
corrugated cardboard. It may be easier to fold the pile rather than compressing it from the edges.
The more the pile is folded, the more interesting it will be for the students. When the pile has
been folded and flattened several times, cut it down the center with the knife or string and hold it
up for the students to see. Explain that rocks in continental collision zones act a lot like this clay.
Tell them that the next time they are near mountains they should look at the rocks around them to
see if they see any folds; if they do, it means that the rock was compressed just like this clay.
Note: after this session is finished, you can slice the clay "mountain” into pieces and bake them
so that each student can have a slice.
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Session 6: Erosion

Learning objectives: By the end of this session, students should:
1. Know the three main erosive media (wind, ice, water);
2. Understand the importance of liquid water in erosion; and
3. Be able to predict the relative rates of erosion of streams with different flow rates.

Teacher Background: Erosion occurs when soil, rock, or sediment is loosened and transported
from one location to another. Erosion can be gradual, as in the slow alteration of the profile of a
river, or catastrophic, as in a landslide. No matter where we live, erosion impacts our lives in
various (positive or negative) ways. It is important that students understand how erosion "works"
so that they can help to prevent damage to the land around them.

There are three main agents by which erosion occurs: wind, ice, and water. By far, the
most important of these is liquid water. Although wind can carry sediment for very long distances
(geologists have detected dust from Africa in Hawaiian soils), it is limited to very small particles.
Ice (i.e. glaciers) can carry huge volumes of sediment, but is only important in limited parts of the
world. Water, on the other hand, can move very large volumes of sediment over very long
distances, and it is an important erosive agent in almost every part of the world. One need only
look at the Ithaca gorges or the Grand Canyon to see how much erosion water can accomplish,
given enough time.

Water can move sediment in two ways: as suspended load or as bed load. Suspended
load refers to all sediment that is actually suspended (not dissolved) in the water. Faster moving
water carries more sediment in suspended load than does slower moving water. When fast
moving water slows down — if it goes around a bend, or if the slope flattens out — it can no longer
suspend the larger sediment, and it drops to the bottom of the stream (or river). This is why the
size of the sediment in a river- or streambed decreases downstream. Bed load refers to sediment
that is not suspended in the water, but is pushed along the bottom by the water moving over it.
Bed load sediment is not transported as efficiently as is suspended load sediment.

As sediment is transported in the stream, it is broken down into smaller and smaller
pieces. This is because the individual sediment particles collide with one another and break each
other apart. The particles also become more and more rounded (this is why pebbles at the beach
are so smooth). In this activity, students will learn how efficiently water helps to break up rock,
and that faster moving water erodes rock more quickly than slower moving water.
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Materials:

n gravel (approximately 100 g for every 3-4 students);

n plastic jars with lids (peanut butter jars or similar work well);

n water,;

N _ cup measure;

n balance (to weigh the rocks);

N sieve or strainer (with holes smaller than the gravel);

n bucket;

N paper towels;

n plastic drop cloth (not absolutely necessary, but a good idea in case of leaks);

N music (something with a good beat; rock or swing works well — about 15 minutes
worth);

n large graph paper (posterboard size) or equivalent drawn on the board;

n markers;

n optional — prizes (candy, pencils, etc).

Activities: Ask the students to define erosion. Explain that erosion happens when soil, rock, or
sediment is loosened and moved from one place to another. Ask them to think of different ways
that sediment might be moved around. Most groups will come up with water; some may come up
with wind; rarely, someone might suggest glaciers or ice. Explain that water, wind, and ice are
the three most important means of transportation for sediment. Take a poll of the students to see
which of the three they think is most important. Ask a few of the students why they voted the way
they did ("Why do you think wind is most important?" "Why don't you think ice is more
important?"). Explain that liquid water is the most important erosive agent on the surface of the
Earth because it can carry a lot of sediment and is found almost everywhere.

Ask the students how many of them have been to a lake or a pond and stirred up the
mud and sand at the bottom. Ask one or two of them to describe what happens when the
sediment is disturbed. They should be able to explain that the larger sized sediment (sand or
pebbles) falls out of the water quickly, but that the mud and clay stays in the water, making it
cloudy, for a long time. Explain that this is because fast moving water (water that has just been
stirred up) can hold up larger sediment than slow moving water (water that is still). Tell the
students that very fast moving streams can move boulders and very large rocks, but that very
slow moving water (like ponds and lakes) can't move even mud or clay sized particles (which is
why the bottom of a lake often feels goopy).

On the board, draw a picture of a stream bed (similar to the one above). Explain to the
students that some of the sediment in a stream is suspended, or floating in the water, while other
(larger) sediment remains on the bottom and is pushed along. Explain that the sediment, whether
suspended or not, often collides with itself while it is being transported. Ask the students what
they think happens when pieces of sediment hit each other. They will probably mention breakage
or that the pieces get smaller. Ask how many students have been to the beach. Ask them to
describe the rocks on the beach — are they smooth and rounded or rough and jagged? Explain
that moving within the water also causes sediment to be rounded and smoothed.

Tell the students that they are going to be "streams for a day." Split the students into
groups of 3-4 and give each group a plastic jar with a lid. Tell the students that in a few minutes
their jars will have rocks and water in them, and that they are going to shake them to try to erode
the rocks away. Ask the students whether they think shaking faster or slower will erode the rocks
faster and why. They should be able to guess that faster moving water will cause the rocks to hit
each other more often, making them erode more. Tell the students that they are going to race to
see which group can produce the most erosion in 10 minutes.

Have each group (with or without your assistance) weigh out approximately 100 g of
gravel. Record the starting weight for each group on the board. Put the gravel and _ cup of
water into each jar and close the lid tightly. Tell the students not to begin shaking yet. Have all of
the groups stand on top of the drop cloth (or at least the students holding the jars). Tell the
students that music will play for 10-15 minutes. The students in each group should trade off as
soon as their arms start to get tired. When every group is ready, start the music. Allow the
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students 10-15 minutes to shake their jars. When the time is up, turn the music off and have
everyone stop shaking. Have each group pour the contents of their jar through the strainer (use
the bucket to catch the water and mud) and rinse the remaining gravel with a small amount of
water. Dry the gravel slightly with a paper towel and re-weigh it. Record the ending weight for
each group on the board. Calculate the percentage weight lost using

% lost = (initial Vf'e_'ght fl_nal weighy *100. On the graph paper, make a bar graph
initial weight
showing the percent weight loss for each group. The group with the largest percent loss is the
winner (you may give out prizes to the winning group or to all groups — or none!).
Alternative: Instead of having the students race, assign half of the groups to shake
slowly and half to shake quickly and look at the different amounts of weight loss for the two
different rates.
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Session 7: The Water Cycle

Learning Objectives: By the end of this session, students should:
2. Be familiar with the various steps in the water cycle; and
3. Understand where on Earth each step occurs.

Teacher Background: Water is possibly the most important substance on the surface of the
Earth. It is vital for all forms of life and plays a major role in shaping the planet. As discussed in
the previous session, liquid water is the most efficient erosive agent on Earth. Most of us are
familiar with water in lakes, rivers, oceans, and as precipitation. But water goes through many
steps on its way from the ocean to the rain in Ithaca. Like many things, the "story" of water is
best described as a cycle.

Since the water cycle is, well, a cycle, there is no "correct” starting point. However, since
the oceans are the largest reservoirs of water on the planet, it seems logical to start (and end)
there. The water in the oceans is evaporated by the sun; the water vapor rises and forms clouds.
Atmospheric winds carry the clouds around the world. The clouds can end up virtually anywhere,
and there are many processes that can cause them to release their moisture as rain or snow.
However, we will consider only one of the most important, known as the orographic effect. The
orographic effect occurs when clouds are blown across a mountain range. As anyone who has
ever carried it can attest, water is heavy; clouds that are "full" of water cannot rise over the
mountain range. Instead, the clouds release some of their moisture as rain or snow. As the
clouds release their water, they rise and are eventually able to move over the mountain range.
Because they have released most of their water on the windward side of the mountain range,
they have much less moisture to release on the other (lee) side, so the lee sides of mountain
ranges are often dry, even if the windward sides are covered in rainforest. The higher the
mountain range, the more pronounced is the orographic effect (the larger the contrast between
the wet, windward side and the dry, lee side).

Once the water has been released from the clouds, it flows downhill (whether as liquid
water, ice, or even fog). The water will probably erode the surface over which it travels.
Eventually, the water ends up in streams and rivers. These rivers all flow to the ocean, where the
cycle starts again. In this activity, the students will act out the water cycle and demonstrate the
orographic effect.

Materials:

n foamboard or posterboard cut-outs of various stages of the water cycle (you should
make stylized cutouts of the seven components: oceans, sun, clouds, mountains,
rain, wind, and rivers);
two full gallon jugs of water;
two half- to one-third full gallon jugs of water;
two backpacks or canvas bags large enough to hold two gallon jugs each;

a hill, staircase, or other slope;

hard candies or other small objects in two colors equal to the number of students in
the class; approximately 25% of the objects should be one color and 75% the other
color (green and blue are good colors for this);

n optional: stopwatch.
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Activities: Before the session begins, put the two full gallon jugs of water in one backpack or
canvas bag and the two partly full jugs in the other bag. Without indicating any differences
between the bags, ask the students to volunteer to carry the bags up the stairs or hill. This part of
the activity will work best with several examples, so ask for 6-10 volunteers. Have the students
participate two at a time. Give one of the students the heavy bag (with two full gallons of water)
and the other the lighter bag. Have them race up the hill or stairs (timing with a stopwatch is
optional). After several pairs of students have raced, it should become apparent that one of the
bags is significantly more difficult to carry. Open the bags and show the students their contents.
Explain that water is very heavy and difficult to carry up a hill.
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Note: an alternative (or addition) to the above activity is to pass the two bags around to
each student and have them note the difference in weight. Ask the students which bag they
would rather carry up a hill or mountain. The answer should be "the lighter one"! Then proceed
to show the students the contents of the bags.

Pass around the container holding the candies or other small objects. Tell each student
to take one candy (tell them not to try to pick a particular color). When every student has a
candy, divide them into two groups by the color of candy that they have. There should be
approximately three times as many in one group as in the other. Explain that the students in the
large group represent the volume of water on the Earth's surface, while those in the other group
represent the land. The students should see that water is a major component of the surface of
the Earth. Next, ask the students if they remember from the previous session the most powerful
erosive force on the surface (liquid water). Ask the students what the common theme is (they
should say: water!). Explain that, because water is so important, they are going to learn how
water travels on the surface of the Earth.

If the students are not familiar with the concept of a cycle, you should explain this to them
briefly. Tell the students that many things on Earth run in cycles, and that water is one of them;
today, they are going to recreate the water cycle in their classroom. Divide the students into
seven groups. Ask the students what they think the largest reservoir of water on Earth is (the
oceans). Give the first group the cut-outs of the oceans and have them stand on one side of the
classroom. Ask the students if they know how water leaves the oceans. Some of the students
may be familiar with evaporation, but you may have to help out. Explain that heat from the sun
causes the water in the oceans to evaporate and form clouds. Give the second group of students
the sun cut-outs and position them so that the sun is "shining" on the ocean. Give the third group
the cloud cut-outs, and position them next to the sun. Ask the students if clouds stay still. They
should say no, the wind moves the clouds. Give the fourth group of students the wind cut-outs,
and place them so that they are "blowing" the clouds. Give the fifth group the mountain cut-outs
and position them so that the clouds will eventually run into them. Have the wind group "blow"
the cloud group toward the mountains. When the cloud group reaches the mountains, ask the
students if they remember which bag was heaviest, the one full of water or the one only partly full
of water? Now ask them if they think the clouds that are "full"* of water will be able to make it over
those tall mountains. Ask them what could happen to make the clouds lighter so that they could
get over the mountains. Explain that, when clouds from the ocean get blown into the mountains,
they release most of their moisture on one side of the mountains and then rise over them. Give
the sixth group the rain cut-outs and place them beneath the clouds. Once the clouds have
“rained," have them rise over the mountains and move on. Ask the students what happens to
rain when it falls on the ground. Give the final group the river cut-outs and position them so that
the river is running away from the mountains.

Tell the students that they have now recreated the water cycle, but that one thing is
missing: the cycle! Rearrange the students in a circle so that the river ends up "draining" into the
ocean. The students may re-enact the cycle now that it is truly a cycle.

Another activity that may be incorporated here to show the importance of water is similar
to the water/land activity above. In this case, the candies should be roughly in the proportions
98% water: 2% other stuff. Once the students are divided, there should be only one or two
students that aren't holding "water" colored candies. Explain to the students that this represents
the proportion of water in their bodies. Tell them that all life on Earth needs water, and that most
forms of life are 80 to 90% water. Then proceed with the rest of the activity.
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Resource Materials

The Internet provides a wonderful source of information and resources for educators at
many grade levels. Most of the figures and activities in this volume are taken from various
websites. The addresses of these websites are given below; some are also included in the
session descriptions. There are also many excellent books and videos available through libraries
and bookstores.

Links to websites:

http://www.usgs.gov/education/learnweb/index.html
This is the link to the Learning Web of the United States Geological Survey.

http://ofcn.org/cyber.serviacademy/ace/sci/inter.html
OFCN's Academy Curricular Exchange — links to many lesson plan ideas in all of the
sciences, not just geology.

http://www.odsn.de/odsn/services/paleomap/paleomap.htmi
This web site can show you the locations of the continents at any time in the last 150

million years. This is where | got the layouts for Appendix IlI.

http://neic.usgs.gov/neis/general/seismicity/seismicity.html
The National Earthquake Information Center has up-to-the-minute locations of worldwide

earthquakes, as well as past information. This is where | got the map of worldwide seismicity.

http://www.volcano.si.edu/gvp/volcano/index.htm
The Smithsonian Global Volcanism Project home page. This is where | got the map of
world volcanoes.

http://lwww.uky.edu/KGS/
The web site for the Kentucky Geological Survey, where | got the Draw T. rex activity.
There are some pretty neat ideas in here for other activities as well.

http://www.geocities.com/wandathefish10/pagel.html

This is the address for my personal webpage. From here you can follow links to teaching
resources as well as links to scientific societies and resources.
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Appendix II: Worksheet for Session 3

If you wish, you can introduce the rock cycle at the end of this session. The rock cycle is
the way that geologists relate the three different rock types to each other. A diagram is shown
below. You may wish to make a blank handout for the students and have them fill it out as you
go over the different steps in the cycle.

The Rock Cycle

HEAT &
EROSION & PRESSURE
DEPOSITION MELTING &
COOLING
HEAT &

PRESSURE
SEDIMENTARY > METAMORPHIC
ROCKS <::::j ROCKS

EROSION &
DEPOSITION
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