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Using EarthandYou

EarthandYouTM is for students in grades 4–8. This DVD uses high definition images and an engaging 
soundtrack to help children learn about Earth and its systems. EarthandYouTM is designed to enhance Earth 
science investigations in any curriculum. The disc has a clear, easy-to-follow navigation system. When you 
load the disc, you will see an introductory segment with the EarthandYouTM logo. After this segment, you 
will see the chapter menu. You can access each chapter instantly, and play it straight through. Or if you 
would like, you can freeze a frame, move in slow motion, go fast-forward and back, or repeat sections. To 
view a chapter, click on the chapter’s number. When the chapter ends, the main menu returns, allowing 
you to replay the chapter or to select another. The DVD contains nine video segments, each about five 
minutes long. The program is designed to be flexible. You can use it to introduce topics, reinforce content 
from other sources, or illustrate a hard-to understand concept. The table below lists the key ideas of each 
video chapter.

chapter key ideas

1    Earth Science & You Geoscientists have discovered a great deal about the history 
and origin of Earth, our planet and home.

2    Earth’s Beginning Earth is about 4.6 billion years old, and has changed a great 
deal since it was a young planet.

3 Earth’s History Earth is very old and is constantly changing.

4 A Changing Planet Earth’s crust is made of large plates that move slowly about 
on the mantle.

5 Investigating Earth Geoscientists use a variety of technologies to explore Earth.

6 Earth Systems The Earth system is a set of smaller systems that interact on 
our planet.

7 Earth’s Big Events Earth’s surface is shaped by the action of large events, such 
as earthquakes, volcanoes, mountain building, and floods, 
and by smaller, barely noticeable events such as erosion  
and weathering.

8 Earth Rocks! There are three main types of rocks on Earth—sedimentary, 
igneous, and metamorphic. These rocks may change in 
form from one type to another over time.

9 Humans & Earth’s Surface Humans have used Earth’s materials for many years, and 
with careful stewardship, may continue to do so for many 
years to come.
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Each of the chapters in this Teacher’s Guide has a similar format.

•   Key Geoscience Ideas represent important content that students can begin to understand after viewing 
the video segment;

•   Discussion Questions suggest ways to elicit students’ knowledge before viewing and for reviewing con-
tent covered in the video segment;

•   Follow-up Investigation Ideas present simple and safe activities that use everyday materials to reinforce 
or extend key content;

•   What do your Students Already Know? summarizes information that most students are likely or unlikely 
to know before viewing the video segment;

•   Narration provides the voice-over text for the video segment to help you in lesson planning;

•   Curriculum Standards show links to the National Science Education Standards and American Associa-
tion for the Advancement of Science (AAAS) Benchmarks for important Earth science content;

•   Words and Phrases to Know lists important terms and vocabulary covered in the video segment; and

•   For your Information provides background points for you to consider before showing this video segment.

There are many ways to use this DVD with your students.

•    Introducing a Topic: When beginning a lesson or unit, you can use an Earth and You chapter (or parts of 
it) to introduce the topic. This gives students exciting visuals on which to build Earth science under-
standing.

•   Setting the Scene for Discussion: Some chapters deal with important ideas such as change through  geologic 
time and the formation of life on Earth.You can use these as starting points for class discussions.

•   Explaining a Concept: Many chapters have visuals that you can use to explain geoscience concepts 
such as subduction, mantle convection, plate tectonics, ocean formation, early Earth atmosphere, and 
Earth’s internal structure, among others.

•   Providing Examples: Chapters include many examples of the parts of the Earth system and how they 
interact. You can use these to help your students understand how one part of the Earth system is inex-
tricably linked to all other parts of the system.

•   Assessing Understanding: You can use a number of the chapters to assess your students’ understanding 
of Earth system science concepts either during or after instruction. One way to do this is to turn off 
the audio track and have students identify phenomena on the screen, or explain the interactions they 
see, either in motion or by freezing a frame.

•   Reinforcing Learning: You can play a chapter several times during a lesson or unit to help your students 
understand a geoscience topic. It may also be helpful to re-play the chapter at the end of a lesson or 
unit and have students compare what they now know with what they knew the first time they saw it.
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Earth Science Literary Principles: Nine Big Ideas

Using Earth and You and this accompanying guide will help your students toward an understanding of the 
Earth Science Literacy Principles. These nine Big Ideas in Earth Science were developed through the Earth 
Science Literacy Initiative with support from the National Science Foundation:

BIG IDEA 1 .  Earth scientists use repeatable observations and  
testable ideas to understand and explain our planet.

BIG IDEA 2 .  Earth is 4.6 billion years old.

BIG IDEA 3.  Earth is a complex system of interacting rock, water, 
air, and life.

BIG IDEA 4.  Earth is continuously changing.

BIG IDEA 5.  Earth is the water planet.

BIG IDEA 6.  Life evolves on a dynamic Earth and continuously 
modifies Earth.

BIG IDEA 7.  Humans depend on Earth for resources.

BIG IDEA 8.  Natural hazards pose risks to humans. 

BIG IDEA 9.  Humans significantly alter the Earth.

A Note from the Authors

This teaching and learning resource package has been produced with the contributions of leading teacher 
educators. It and has been thoroughly reviewed for scientific accuracy and the video has been widely 
tested by teachers across the United States. A team of educators and graphic artists have worked closely 
together to produce it. A much larger group of geoscience experts, educators, film producers, and anima-
tors, developed the original visual materials for the AGI’s high definition video archive used to make this 
product. They are listed in the on-screen credits.

Earth science concepts can be particularly difficult for some students, because of the huge periods of 
time involved, billions and millions of years in many cases. We hope you find this DVD-based resource 
useful to help your students better understand and appreciate the dynamic planet that is home to us all.

Colin Mably and Ann Benbow

EarthandYouTM Authors and Producers 
On behalf of the American Geological Institute

http://www.earthscienceliteracy.org/
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Earth Science and You

Key Geoscience Ideas 
•	 	Some	events	on	planet	Earth	can	be	sudden,	dramatic	and	destructive.

•	 		Valleys,	mountains,	lakes,	oceans,	and	many	other	Earth	features	are	
formed over very long periods of time.

•	 		Earth’s	surface	is	surrounded	by	an	atmosphere,	a	mixture	of	gases	that	
includes water vapor.

•	 		Earth	is	home	to	living	things	today,	and	has	been	home	to	many	living	
things in the past.

•	 		Geoscientists	study	space,	air,	solid	earth,	water,	living	things,	and	Earth’s	
interior to investigate how the planet works.

•	 		Geoscientists	work	together,	and	use	tools,	equipment,	and	instruments	
to track Earth’s movements. 

•	 		Geoscientists	often	use	models	to	help	them	investigate	Earth	and	its	history.

•	 		Earth	formed	about	4.6	billion	years	ago.

•	 		At	first,	nothing	lived	on	Earth.

•	 		Mountains	formed.	Rocks	from	space	crashed	onto	Earth’s	surface.	Some	
changes happened because Earth is hot inside; others because it got very 
cold on the surface.

•	 		Everyone	needs	to	know	about	Earth,	how	it	works	and	what	we	can	do	
to care for our planet. 

•	 		Earth’s	air,	land,	water,	and	living	things	interact	in	what	is	called	the	
Earth system. 

•	 		Humans	have	to	deal	with	natural	hazards,	finding	energy	resources,	
using and protecting water, and using soil to produce food. 

•	 		You	can	become	a	professional	geoscientist	by	studying	Earth	science	in	
school, and later in colleges and universities.

Follow-up Investigation Ideas: Observing Earth 
Materials:   •	clipboards 

• paper 
• pens 

Procedure:  Prepare student groups to go outside the school building for 
about 10 minutes. Let them to go to safe places that will give them good 
observing possibilities. 

•	 		Ask	your	students	to	observe	using	their	senses,	and	to	record	on	their	
clipboards any evidence of Earth’s land, water, air and life. These are the 
major systems that geoscientists use when they are analyzing events and 
interactions on Earth. 

•	 		When	they	come	back	to	the	classroom,	ask	students	to	work	in	groups	
to classify their observations by whether they best fit in these categories: 
Earth’s air, water, land or life. Note that it is expected that some students 
will have difficulty placing some observations in just one category. They 
can place some observations in more than one category. 

•	 		Give	groups	poster	paper	and	markers	to	make	a	diagram	of	their	group’s	
observations. Ask them to show any links between observations that they 
placed in different categories on their diagrams. 

•	 		Give	groups	time	to	share	their	diagrams	with	the	rest	of	the	class	and	
discuss the links among the categories, which will help them to under-
stand the many interactions among Earth’s major systems.

Discussion Questions 

Before viewing 

•	 	What	do	you	think	Earth	science	is?	

•	 		What	big	events	can	you	think	of	that	happen	on	
Earth’s	surface?	

•	 		What	do	you	know	about	how	planet	Earth	came	to	
be	the	way	it	is	today?	

•	 		What	do	you	think	people	who	work	as	Earth	scien-
tists	(called	geoscientists)	do?	

After viewing 

•	 		Which	part	of	the	video	did	you	find	the	most	inter-
esting,	and	why?	

•	 		Which	part	would	you	like	to	see	again,	so	that	you	
can	understand	something	better?	

•	 		What	did	you	learn	from	the	video	that	surprised	you,	
and	why	was	that?	

•	 		What	parts	of	the	video	did	you	not	fully	understand	
and	want	to	know	more	about?	

•	 		After	watching	the	video,	what	questions	about	Earth	
science	do	you	have?	(Make	a	list	and	share	it	with	
your class. Post the list in the classroom and check off 
questions as you find answers.)

What do your Students Already Know? 
Though all your students will have some personal experi-
ence and understanding of Earth, this may be their first 
encounter with Earth Science in school. It is important 
that whatever ideas they bring to it are taken seriously 
and used as a baseline for developing understanding. 

Because planet Earth seems largely unchanging in  
their experience, most of your students will find it hard 
to contemplate the immensity of geologic time, as well as 
the sheer scale of change. They may think that moun-
tains, rivers, lakes and oceans have always been the way 
we see them today. Students will find it hard to imagine 
Earth having no living things. Thinking about time before 
the planet began will be very difficult for them. To get a 
sense of what students know, it will be useful to let them 
express their ideas and questions before showing them 
this video. Note also that you can repeat the video, or 
parts of it, to help students understand and conceptualize 
specific ideas about Earth’s history. Sometimes repeat-
ing sections with the narration turned off is helpful as 
it allows students to discuss their understanding of the 
processes being depicted.

1. Earth Science and You
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Narration 
Something	is	going	on	inside	this	mountain.	Look	carefully	at	its	
sides.	What	do	you	think	is	happening?	And	what	will	happen	
next?	Here,	it	is	more	peaceful,	but	was	it	always?	How	do	you	
think	this	valley	formed?	Or,	these	mountains,	covered	with	
trees?	How	did	this	water	get	here,	and	here?	Clouds	circle	our	
planet.	Sometimes	they	lie	below	the	mountaintops.	Earth	is	
home	to	living	things,	now,	and	in	the	past.	Earth	is	our	home,	
but	was	it	always	a	place	where	humans	could	live?	How	can	we	
find	out?	

These	are	geoscientists.	They	are	investigating	Earth	to	see	
how	it	works.	In	Earth	science	lessons,	you’ll	do	this	too.	You’ll	
study	space,	air,	and	solid	Earth,	water	above,	water	below,	and,	
Earth’s	deep,	deep,	inside.	You’ll	learn	about	the	work	geosci-
entists	do.	How	they	use	tools	and	equipment	to	track	Earth’s	
movements,	and	how	geoscientists	work	together,	using	special	
instruments	to	find	out	how	Earth	moves	below	its	surface.	

Geoscientists	carefully	record	their	observations.	They	visit	
interesting	places	to	study	how	Earth’s	crust	moves,	and	why.	
Some	geoscientists	use	models	of	huge	mountains	to	study	how	
those	mountains	began.	They	even	turn	Earth’s	underground	
noises	into	music.	Maybe	you	will	become	a	geoscientist	one	
day.	But	even	if	you	don’t,	you	will	still	find	Earth	Science	exciting	
and	useful.	

This	is	how	Earth	began,	about	4.6	billion	years	ago.	That’s	a	
very	long	time.	Nothing	lived	here	then.	Mountains	formed,	but	
much	more	slowly	than	this.	Some	things	happened	quickly,	such	
as	rocks	from	space	crashing	onto	our	planet.	Some	things	hap-
pened	from	underground,	where	it	is	very	hot,	and	sometimes	
Earth	got	very	cold.	This	is	what	Chicago	might	have	looked	
like	then,	except	that	these	cold	periods	happened	long	before	
humans	and	cities.	

We	have	a	beautiful	planet.	It	has	its	surface,	its	air,	its	water,	
and	many	living	things.	We	need	to	care	for	it.	Everyone	needs	to	
know	about	Earth,	how	it	works,	how	we	are	part	of	it,	and	what	
we	can	do	to	protect	it.	Your	Earth	Science	lessons	will	help	you	
understand	how	Earth’s	air,	surface,	and	water	work	together.	
Without	them	working	together,	we’d	have	no	home.	Humans	
must	deal	with	our	ever-changing	planet,	facing	natural	hazards,	
finding	energy	resources,	using	and	protecting	water,	and	using	
soil	wisely	to	produce	food.	

These	students	are	learning	to	be	geoscientists.	Maybe	you	
will	too	one	day.	You	might	help	people	to	understand	the	Earth,	
investigate	how	to	use	land	wisely,	deal	with	natural	hazards,	
explore	Earth’s	energy	resources,	and	care	for	our	amazing	planet.

Curriculum Standards 

National Science Education Standards 

•	 		Earth materials are solid rocks and soils, water, and the gases of 
the atmosphere. (K-4 DESS 1.1) 

•	 		Scientists develop explanations using observations (evidence) and 
what they already know about the world (scientific knowledge). 
Good explanations are based on evidence from investigations.  
(K-4 ASI 2.4)

AAAS Benchmarks 

•	 		Waves, wind, water, and ice shape and reshape the earth’s land 
surface by eroding rock and soil in some areas and depositing 
them in other areas, sometimes in seasonal layers. (4 C4) 

•	 		Scientific investigations may take many different forms, including 
observing what things are like or what is happening somewhere, 
collecting specimens for analysis, and doing experiments. (1 B1) 

Words and Phrases to Know 
•	mountain	•	water	•	clouds	•	planet Earth	•	living things	•	the 
past	•	humans	•	geoscientists	• investigating •	Earth Science	•	
space	•	air	•	solid Earth	•	water	•	tools and equipment	•	Earth’s 
movements	•	record	•	observations	• Earth’s crust	•	models 
•	systems	•	4.6 billion years ago	•	natural hazards	•	energy 
resources 

For Your Information 
The term Earth science is frequently used in K–12 education to 
describe the science that deals with Earth or any part of it. It is 
an amalgam of geology, geography, oceanography, paleontology 
and meteorology, astronomy, and others. It also draws heavily on 
the more traditional sciences of physics, chemistry and biol-
ogy. Perhaps a better term, and one that is growing in scientific 
acceptance, is Geoscience. You will see that we refer to scientists 
working in this field as geoscientists throughout this series. Earth 
Science as a descriptor does not exist beyond high school. At the 
college level, the term Geology has traditionally been used as an 
umbrella term. This is changing, and while it may not be of great 
significance to your students at this stage in their education, it 
will be helpful for them to become aware that what they know 
as Earth science is a collection of many other sciences. 

5
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Earth Science and You
Key Geoscience Ideas 
•	 	Earth,	as	a	planet,	did	not	exist	until	about	4.6	billion	years	ago.	

•	 		The	origins	of	Earth	began	earlier	with	a	huge	explosion	in	space,	about	
13.7 billion years ago. 

•	 		Scientists	call	this	explosion	The	Big	Bang.	It	sent	hot	materials	flying	in	
all directions. 

•	 		Over	a	very	long	period	of	time,	some	hot	materials	collided	and	joined	
together, making larger and larger pieces. 

•	 		Eventually,	one	of	those	giant	hot	pieces	of	material	formed	the	beginning	
of planet Earth, a huge molten ball. 

•	 		Over	time,	Earth’s	surface	began	to	cool,	and	a	crust	began	to	form.	

•	 		Meteorites	and	asteroids	from	space	crashed	onto	Earth’s	hardening	sur-
face, making craters like those on the moon. 

•	 		As	the	planet	began	to	cool,	gases	from	inside	started	to	seep	through	the	
crust to Earth’s surface, forming Earth’s first atmosphere. 

•	 		Lightning	storms	began	to	rage	and,	eventually,	Earth’s	first	rains	began	 
to fall. 

•	 		Once	the	planet	had	water,	over	a	very	long	time,	living	things	were	able	
to evolve, developing very slowly into the world we know today

Follow-up Investigation Ideas: Earth Over Time 
Materials:   •	poster paper  

•	pens 

Procedure:  Give students materials to create a classroom mural showing a 
timeline of major universe/Earth history events. 

•	 	Student	groups	can	specialize	in	events	or	time	periods,	such	as:

The Big Bang 

Formation of Earth 

Arriving Meteors and Asteroids 

Earth’s First Atmosphere 

Earth’s First Water 

Oceans Forming  

The Beginning of Life 

•	 		Each	group	can	work	on	its	own	part	of	the	mural,	and	then	join	these	
together to be posted up around the classroom. 

•	 		When	finished,	each	student	group	should	present	its	work	and	explain	
what it has found out that supports that particular part of the universe or 
Earth’s history.

Discussion Questions 

Before viewing 

•	 	What	do	you	know	about	how	planet	Earth	started?	

•	 		What	are	some	ideas	about	where	materials	that	
formed	Earth	came	from?	

•	 		What	information	might	you	look	for	to	figure	out	
how	long	ago	Earth	formed?	

After viewing 

•	 		What	huge	event	happened	in	space	that	led	to	Earth’s	
beginning?	What	do	scientists	call	it?	

•	 		About	how	many	billions	of	years	ago	do	scientists	
think	planet	Earth	formed?	

•	 	What	material	was	Earth	first	made	of?	

•	 		Why	did	the	surface	of	early	Earth	begin	to	change?	
What	formed	there?	

•	 		What	objects	crashed	onto	Earth’s	early	crust?	

•	 	How	did	Earth’s	first	atmosphere	come	to	be?	

•	 		What	major	changes	happened	in	Earth’s	early	 
atmosphere?	

•	 		What	did	the	arrival	of	water	do	for	our	planet?

•	 	What	in	Earth’s	past	has	made	it	the	way	it	is	today?

What do your Students Already Know? 
Most students will find it very difficult to understand 
the immense periods of time involved in Earth’s history. 
While some may have an understanding of large num-
bers, they will likely struggle with the idea of millions 
and billions of years. To many, the idea that Earth has 
a long history may seem strange. For them the planet 
appears almost changeless—mountains seem solid and 
unmoving, rivers flow in a timeless fashion, landscapes 
do not seem to alter in any major way. They will tend to 
interpret time passing from their own, relatively brief, 
experiences. Many may be surprised to learn that Earth 
has gone through many major changes over time. 

Students will, however, have knowledge of space, 
planets, and stars from news items (space shuttle, interna-
tional space station, etc.), books, science fiction movies, 
and TV shows. Some may be familiar with the Sun and 
planets within our solar system and with objects in deep 
space such as galaxies and nebulae.

2. Earth’s Beginnings
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Narration 
From	space,	Earth	looks	blue.	But	it	didn’t	always	look	so	blue.	
In	fact,	geoscientists	have	determined	that	Earth	did	not	exist	at	
all	until	something	huge	happened	in	space.	A	big	bang,	about	
13.7	billion	years	ago!	This	gigantic	explosion	sent	pieces	of	hot	
material	in	all	directions,	smashing	into	each	other,	and	joining	
together	to	form	increasingly	larger	pieces.	That’s	how	Earth	
began,	4.6	billion	years	ago.	

At	first	Earth	was	just	a	huge,	hot,	molten	ball.	After	a	while,	
its	surface	cooled	and	a	crust	began	to	form.	Meteors	and	aster-
oids	from	space	crashed	onto	Earth’s	hardening	surface.	They	left	
craters	in	the	crust,	just	like	those	on	the	moon.	Then,	as	Earth	
continued	to	cool,	gases	from	inside	began	to	seep	through	to	
the	surface.	These	gases	formed	Earth’s	first,	dark	atmosphere.	In	
time,	lightning	storms	began	to	rage.	Eventually,	Earth’s	first	rains	
began	to	fall.	

Once	our	planet	had	water,	things	began	to	change.	It	took	
a	very	long	time	but,	after	many	millions	of	years,	living	things	
began	to	grow.	And	Earth	began	to	look	more	like	we	know	it	to-
day.	From	the	Big	Bang,	13.7	billion	years	ago,	a	lot	has	happened,	
leading	to	the	formation	of	Earth,	the	beautiful	blue	planet	we	
know	today.

Curriculum Standards 

National Science Education Standards 

•	 		Earth materials are solid rocks and soils, water, and the gases of 
the atmosphere. (K-4 DESS 1.1) 

•	 		The sun provides the light and heat necessary to maintain the 
temperature of the earth. (K-4 DESS 2.2) 

•	   The surface of the earth changes. Some changes are due to slow 
processes, such as erosion and weathering, and some changes are 
due to rapid processes, such as landslides, volcanic eruptions, and 
earthquakes. (K-4 DESS 3.1)   

AAAS Benchmarks 

•	 		The earth is one of several planets that orbit the sun, and the 
moon orbits around the earth. (4 A4) 

•	   Like all planets and stars, the earth is approximately spherical in 
shape. (4 B2)

Words and Phrases to Know 
• geoscientists • space • Big Bang • meteors • asteroids  
• craters • moon • atmosphere • living things

For Your Information  
Geoscientists generally agree that Earth developed out of what is 
referred to as “The Big Bang” about 13.7 billion years ago. Geo-
scientists refer to the The Big Bang as a cosmological model of 
the development of the Universe, helping to explain the energy 
and matter that became the solar system. 

In the Big Bang, only the lightest half dozen or so elements 
were formed. The others formed by nuclear fusion within 
stars that formed from those elements after the Big Bang, went 
through their cycle, during which heavier elements were formed 
and exploded, making the materials available to re-form into 
new bodies in space. Since Earth is mainly oxygen, silicon, alu-
minum and iron, its major constituents are all heavier than what 
formed in the Big Bang.

Earth itself formed much more recently, generally agreed 
upon as about 4.6 billion years ago. Ten million years later, 
Earth’s core and initial mantle began to form, becoming Earth’s 
layered interior. 

Geoscientists think that a cloud of gaseous silica surrounded 
Earth, and condensed to form solid rock. What remained was an 
early atmosphere of gases that were driven off by solar wind and 
Earth’s heat. This all changed when Earth was about 40 percent 
of its current size, as the attraction of gravity pulled on and 
retained an atmosphere that included water. 

As Earth cooled, clouds began to form and rain began to fall. 
This rain eventually formed oceans and conditions for the origin 
of living things, about 3.5 billion years ago. By 2.4 billion years 
ago, primitive life on Earth was widespread.
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Key Geoscience Ideas 
•	 	Earth’s	surface	is	composed	of	continents	and	oceans.	

•	 	Continents	have	changed	over	time.	

•	 		Geoscientists	think	that,	about	225	million	years	ago,	Earth	had	only	one	
continent, which they call Pangea. 

•	 	Over	time	Pangea	began	to	break	into	pieces	and	move	apart.	

•	 		Pangea’s	pieces	formed	into	the	continents	Earth	has	today.	

•	 		When	continents	collide	with	great	force,	the	surface	can	be	pushed	up	to	
form mountains. 

•	 		Sea	beds	can	be	pushed	up,	dry	out,	and	create	landforms	far	from	oceans.	

•	 		Volcanoes	occur	when	heated	material	from	below	is	forced	up	through	
Earth’s crust. 

•	 	Earth’s	crust	can	be	pulled	apart.	

•	 	Earth’s	interior	gets	hotter	toward	its	center.	

•	 		The	interior	is	divided	into	regions	that	geoscientists	identify	as	Inner	
Core, Outer Core, Mantle, and Crust. 

•	 	Earth’s	inner	heat	can	change	Earth’s	surface.	

•	 	Wind,	moving	ice	and	water	change	Earth’s	surface.	

•	 		In	the	past,	ice	covered	much	of	the	land	on	Earth,	and	then	later	melted.	

•	 	Sea	levels	have	risen	and	fallen	over	time.	

•	 		Rock	particles	are	carried	along	by	streams	and	rivers	toward	oceans,	
where the particles settle. 

•	 		Running	water	shapes	landscapes	by	carving	gorges	and	valleys,	and	by	
depositing sediments in sand bars and deltas. 

•	 	Ocean	waves	reshape	coastlines.	

•	 	Earth	is	always	changing.	

•	 	Humans	can	cause	changes	to	Earth’s	surface	and	atmosphere.

Follow-up Investigation Ideas: Modeling Earth 
Materials:    For each group: 
For the Teacher: •	One whole boiled egg  •	1 half of a boiled egg  

•	1 sheet poster paper 
•	colored pens 

Procedure:  Explain that geoscientists often use models to investigate things 
about Earth that are hard to see first-hand. Models can show some things 
about the idea or object being modeled, but not everything. Models are 
always accurate in some ways and inaccurate in other ways. It is important to 
discuss both the accuracies and inaccuracies of models.

•	 		Hold	up	a	whole	boiled	egg	for	everyone	to	see.	Ask	your	students	to	dis-
cuss how the egg is similar to planet Earth and how it is not. Have each 
group list these things on the top part of its sheet of poster paper. 

•	 		Now	give	each	group	one	half	of	a	boiled	egg.	Ask	each	group	to	draw	a	
large diagram of the egg (in cross-section) on the poster paper, keeping 
everything in proportion as much as possible. 

•	 		Ask	groups	to	study	the	egg	closely	and	note	all	the	ways	in	which	it	is	
similar to Earth’s inside and outside, and also how it is different. 

•	 		Have	groups	write	their	observations	and	comparisons	as	labels	on	the	
egg diagram in a way that others can see and understand. 

•	 		Let	groups	compare	their	diagrams,	noting	similarities	between	the	egg	
and Earth, and then differences. 

Discussion Questions 

Before viewing 

•	 	How	has	planet	Earth	changed	over	time?	

•	 	What	things	have	changed	Earth’s	surface?	

After viewing 

•	 	What	evidence	is	there	that	Earth’s	surface	has	changed?

•	 		What	do	geoscientists	think	Earth	was	like	about	225	
million	years	ago?	

•	 	What	did	the	land	on	Earth	look	like	then?	

•	 	How	has	the	shape	of	continents	changed	over	time?	

•	 		How	can	we	tell	how	the	continents	we	have	today	
were	formed?	

•	 		What	can	happen	when	continents	collide	and	push	
together?	

•	 		Old	sea	beds	from	the	bottom	of	oceans	can	now	be	
seen tilted up and a long way from any sea. How has 
this	happened?	

•	 	What’s	happening	inside	a	volcano?	

•	 	What	is	below	Earth’s	surface?	What	is	below	its	crust?	

•	 	Where	is	the	hottest	part	of	planet	Earth?	

•	 	What	different	parts	make	up	Earth’s	inside?

•	 	How	has	Earth’s	inner	heat	changed	its	surface?

•	 		What	things	other	than	Earth’s	inner	heat	can	change	
Earth’s	surface?	

•	 	What	evidence	is	there	that	Earth	is	still	changing?

What do your Students Already Know? 
Most of your students will have some idea of what the 
surface of Earth is like. However they are unlikely to know 
that Earth’s crust and outer mantle act as a system that has 
changed Earth’s surface, and continues to change it.

Many students will have some idea of catastrophic 
events such as volcanoes and earthquakes, but they will 
have little understanding of plate tectonics or the forces 
that have formed and shaped continents. They may know 
how water and wind can shape Earth’s surface and pro-
duce landforms.

The concept of time is difficult for young children, 
even in their everyday lives. The vastness of change over 
time in terms of Earth’s multi-billion year history will be 
very hard for them to grasp at this stage, and will come at 
later stages in their learning.

3. Earth’s History
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Narration 
This	is	how	our	planet	looks	from	space.	That’s	the	Sun	coming	
into	view.	Here	you	can	see	Africa	and	North	and	South	America.	
But	these	continents	did	not	always	look	like	this.	

Let’s	travel	back	in	time,	back	to	about	225	million	years	ago.	
This	is	what	geoscientists	think	Earth	looked	like	then.	It	had	just	
one	continent,	which	we	call	Pangea.	Over	time,	Pangea	began	
to	break	into	pieces.	First,	the	pieces	moved	apart.	Then,	after	a	
very	long	time,	they	joined	up	again	in	a	new	pattern	of	conti-
nents,	the	ones	we	have	today.	In	some	places,	parts	of	the	new	
continents	pressed	together	with	great	force,	pushing	up	Earth’s	
Crust	creating	mountains,	though	much,	much,	slower	than	this.	
Other	things	got	pushed	up	too.	This	sea	dried	up	as	the	floor	
beneath	rose.	Millions	of	years	later,	that	ancient	floor	is	a	long	
way	from	any	ocean,	and	now	it’s	sloping.	This	geoscientist	can	
hardly	stand	up	on	it!	

You	are	looking	at	a	side	view	of	a	volcano.	Heated	mate-
rial	from	below	is	bursting	up	through	Earth’s	crust.	Sometimes	
Earth’s	crust	is	pulled	apart.	There’s	a	lot	of	very	hot	material	
down	there!	Scientific	evidence	tells	us	that	further	you	go	
toward	the	center	of	Earth,	the	hotter	it	gets.	The	hottest	part	is	
the	Inner	Core.	The	next	layer	is	the	Outer	Core.	This	layer	is	the	
Mantle,	with	the	crust	sitting	on	top	of	it.	Earth’s	inner	heat	has	
changed	its	surface,	sometimes	very	quickly.	

Other	things	have	also	changed	Earth’s	surface.	Wind	has	
blown	rock	particles	from	one	place	to	another.	Masses	of	
moving	ice	have	gouged	out	valleys.	In	the	past,	ice	has	covered	
the	land,	and	then	melted.	Sea	levels	have	risen	and	fallen	many	
times.	Particles	of	rock	have	been	carried	along	by	streams	and	
rivers,	always	moving	downhill.	This	running	water	has	cut	deep	
gorges	into	Earth’s	crust,	and	created	wide	valleys	where	the	
water	deposits	its	rock	particles.	Further	downstream,	the	water	
reshapes	coastlines	as	it	enters	oceans.

Earth	is	always	changing.	Mountains	rise.	Wind	and	water	play	
their	part,	and	so	does	with	ice.	But,	it’s	living	things	that	have	
made	Earth	the	special	place	we	know	today.	And	it’s	our	place	in	
the	Solar	System,	and	the	evolution	of	life,	that	makes	our	planet	
so	different	from	other	planets.

Curriculum Standards 

National Science Education Standards 

•	   Earth materials are solid rocks and soils, water, and the gases of 
the atmosphere. (K-4 DESS 1.1) 

•	 		The surface of the earth changes. Some changes are due to slow 
processes, such as erosion and weathering, and some changes are 
due to rapid processes, such as landslides, volcanic eruptions, and 
earthquakes. (K-4 DESS 3.1)

AAAS Benchmarks 

•	 		(C-1)	Waves, wind, water, and ice shape and reshape the earth’s 
land surface by eroding rock and soil in some areas and depositing 
them in other areas, sometimes in seasonal layers. 

•	 		Rock is composed of different combinations of minerals. (4 C2)

Words and Phrases to Know 
• continents • geoscientists • Pangea • Earth’s Crust • moun-
tains • ocean • volcano • evidence • Inner Core • Outer Core 
• Mantle • Earth’s inner heat • rock particles • moving ice • 
valleys • sea levels • rivers • streams • running water • deep 
gorges • coastlines • oceans • living things • Solar System • 
evolution of life • planet

For Your Information 
Earth is composed of different layers—from its outer crust on 
the surface and on ocean floors, through the hot, convecting 
mantle, to its dense metallic core. Convection within the mantle 
below drives Earth’s tectonic (or lithospheric) plates on the 
surface. Plates on the scale of continents and oceans are always 
moving at the average rate of centimeters a year, about the same 
rate as human fingernails grow. Plate movements can have many 
effects such as earthquakes, volcanic eruptions, tsunamis and 
mountain building.

Landforms are the result of what geoscientists call destructive 
and constructive forces. Destructive forces include weathering and 
erosion. Constructive forces include the deposition of sediment, 
volcanic eruptions, and forces that deform, or bend, the crust.

The Earth processes at work today are similar to those of the 
past, including the movement of tectonic plates, erosion, and 
changes in Earth’s atmosphere.

9
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Key Geoscience Ideas 
•	 		Earth	is	always	changing,	even	though	we	cannot	always	observe	 

these changes.

•	 		Earth’s	surface	is	divided	into	large	pieces	called	tectonic	(or	lithospheric)	
plates.

•	 		The	movement	of	heat	energy	in	Earth’s	mantle	results	in	the	movement	
of tectonic plates on Earth’s surface. 

•	 		Convection	in	the	mantle	(a	cycle	in	which	hot	material	rises,	then	cools	
and falls, only to be heated and rise again) drives the movement of tec-
tonic plates. 

•	 		Over	very	long	periods	of	time,	Earth’s	continents	have	moved	and	
changed, and they are still moving and changing. 

•	 		The	movement	of	tectonic	plates	causes	volcanoes,	earthquakes,	and	
mountains to form which, in turn, change Earth’s surface on land and on 
the floors of oceans.

Follow-up Investigation Ideas: Motion in the Mantle
(Teacher Demonstration) 

Materials:   •	1 clear plastic bin (about 5 gallons) 
•	room temperature water to fill bin to about 2.5 cm from the top 
•	50 mL of hot water colored red with food color 
•	50 mL of very cold water colored blue with food color  
•	safety goggles for teacher and students 

Procedure:  IMPORTANT SAFETY NOTE:  
Both you and the students should put on goggles at this point. 

•	 	Set	up	the	plastic	bin	so	that	all	students	can	see	it	clearly.	

•	 		Explain	that	you	are	going	to	pour	the	hot,	red	water	into	one	end	of	the	
bin and the cold, blue water into the other end. Ask students to predict 
what might happen to the different colors of water when you do this. 
Where	will	they	go	in	the	bin	and	why?	

•	 		Pour	both	kinds	of	water	carefully	into	opposite	ends	of	the	bin.	Let	
students observe what happens. (The hot, less dense water should move 
upward and the cold, more dense water should move downward.) 

•	 	Ask:	 What	makes	the	hot	water	move	upward	in	the	bin?

	 		 What	happens	when	the	hot	water	moves	to	the	top	of	the	bin?	

	 		 What	is	happening	with	the	cold	water	and	why?

	 		 How	is	this	model	like	what	happens	in	Earth’s	mantle?

	 		 How	is	the	model	different	from	Earth’s	mantle?

Discussion Questions 

Before viewing 

•	 	What	makes	Earth	change?	

•	 	How	is	heat	involved	in	Earth’s	changes?	

•	 	Where	does	Earth’s	heat	energy	come	from?	

After viewing 

•	 	How	does	convection	work	inside	Earth?	

•	 	What	does	convection	do	to	the	sea	floor?	

•	 	How	does	new	crust	form	under	the	sea	floor?	

•	 	What	are	tectonic	plates?	

•	 		How	can	we	tell	that	tectonic	plates	have	moved	in	the	
past	and	are	still	moving	today?	

•	 		What	can	happen	when	one	plate	slides	underneath	
another?	

•	 	How	does	an	earthquake	happen?	

•	 	How	do	mountains	get	pushed	up?	

•	 		How	do	volcanoes	form	and	what	happens	when	 
they	do?	

•	 	How	was	the	young	Atlantic	Ocean	formed?

What do your Students Already Know?
 Most of your students will have some idea of what the 
surface of Earth is like. However, they are unlikely to 
know what it is below Earth’s crust and how those things 
cause changes on Earth’s surface. In particular, it is 
unlikely that your students will know about convection 
in the mantle, or even convection in air or water. From 
learning about hot air balloons or seeing smoke rising 
from a chimney, they may know that heated air rises. Be-
cause your students cannot observe what happens below 
Earth’s surface, it remains a mystery for them (as it does 
for many adults).

Many students will have some idea of catastrophic 
events such as volcanoes and earthquakes, but they will 
have little understanding of plate tectonics or the forces 
that form and shape continents over time.

The idea that these dynamic processes have changed 
and shaped Earth’s surface over very long periods of time 
will also be difficult for your students to grasp. However, 
they should be able to appreciate some aspects of how 
this happens. 

4. A Changing Planet

10	 Copyright	©	2010,	American	Geological	Institute	-	All	Rights	Reserved	



11

Narration 
Geoscientists	have	come	to	understand	Earth’s	history.	They	
know	our	planet	has	been	around	for	a	very	long	time,	4.6	bil-
lion	years,	and	in	all	that	time	it	has	been	changing.	What	makes	
these	changes?	To	find	the	answer,	we	have	to	think	about	what	
it	is	like	deep	inside	Earth.	

Earth’s	inside	is	very	hot.	But,	near	the	surface,	some	parts	get	
hotter	as	others	grow	cooler.	Hotter	material	moves	up.	Cooler	
material	sinks	down.	This	motion	is	called	convection.	Convec-
tion	moves	the	crust.	In	the	oceans,	extreme	pressure	from	
below	pushes	apart	the	sea	floor.	It’s	convection	that	moves	the	
crust.	You	can	see	here	how	new	crust	forms	under	the	sea	floor.	
Earth’s	crust	consists	of	gigantic	slabs	called	tectonic	plates.	You	
can	see	the	plate	borders	outlined	here.	

Plates	are	always	moving,	but	they	move	very	slowly.	Some-
times	one	plate	crunches	under	another.	When	that	happens,	it	
affects	the	surface.	Enormous	pressure	can	sometimes	build	up	
as	plates	move	against	each	other.	Then,	suddenly,	the	pressure	is	
released,	and	giant	tremors	spread	out	in	all	directions.	That’s	an	
earthquake!	Sometimes,	plates	slide	alongside	each	other.	This	is	
happening	in	California,	resulting	in	occasional	earthquakes	there.	
When	a	tectonic	plate	moves	under	another	plate,	mountains	
can	be	pushed	up.	Volcanoes	happen	when	hot	material	called	
magma	bursts	through	the	surface.	Volcanoes	are	another	result	
of	tectonic	movement.	Magma	can	also	push	through	weak	parts	
of	an	ocean	plate.	That’s	how	the	Hawaiian	Islands	were	formed,	
in	the	middle	of	the	Pacific	Ocean.	

This	is	Washington	DC.	200	million	years	ago	Washington	was	
next	to	the	Western	Sahara,	a	place	that	now	lies	far	away,	across	
the	Atlantic	Ocean	in	Africa.	Forces	from	below	Earth’s	surface	
pushed	the	crust	apart.	Over	time,	a	gap	formed	in	the	land,	and	
eventually	that	gap	became	the	young	Atlantic	Ocean.	

All	these	changes	have	been	driven	by	immense	heat	in	Earth’s	
interior.	They	have	been	happening	for	many	years,	and	they	will	
continue	into	Earth’s	future.

Curriculum Standards 

National Science Education Standards 

•	 		The surface of the earth changes. Some changes are due to slow 
processes, such as erosion and weathering, and some changes are 
due to rapid processes, such as landslides, volcanic eruptions, and 
earthquakes.(K-4 DESS 3.1) 

AAAS Benchmarks 

•	 		Waves, wind, water, and ice shape and reshape the earth’s land 
surface by eroding rock and soil in some areas and depositing them 
in other areas, sometimes in seasonal layers. (4 C1)

Words and Phrases to Know 
• geoscientists • Earth’s history • 4.6 billion years • motion • 
convection • crust • oceans •	pressure • new crust • sea floor 
• tectonic plates • plate borders • surface tremors • earthquake 
• volcanoes • magma • ocean plate • forces from below Earth’s 
surface • Earth’s interior • immense heat

For Your Information 
Understanding Earth’s interior and the dynamic forces it pro-
duces helps geoscientists to understand and investigate changes 
on Earth, and Earth’s history. The ongoing interaction of energy 
and matter below Earth’s surface has driven, and continues to 
drive, what is called the Earth system.

Earth’s interior cannot be directly observed. Instead, geosci-
entists build up an understanding of the planet using inferences 
made from the way vibrations travel (as waves) through the 
Earth. Produced by earthquakes and known as seismic waves, 
these provide the main data source for envisioning Earth’s inte-
rior. Seismic waves produced from controlled explosions also 
provide data for conditions closer to Earth’s surface.

Seismic waves travel all the way through Earth. When they 
reach Earth’s surface again, they can be detected with special 
instruments called seismographs. There are hundreds of seis-
mographs stations all around the world. Various types of waves 
travel at distinct speeds, and behave differently. How the waves 
behave also depends on the type of material they pass through. 
As a result, it has been possible for geoscientists to use the pat-
terns they produce to virtually “see” right through the planet and 
build up an accurate picture of Earth’s interior. 

11
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Key Geoscience Ideas 
•	 	Geoscientists	investigate	Earth	to	see	how	it	works.	

•	 		Geoscientists	try	to	find	out	what	happened	in	Earth’s	past,	what	is	hap-
pening with Earth now, and what may happen with Earth in the future. 

•	 		Geoscientists	go	to	places	all	over	the	world	to	investigate	how	Earth	has	
changed over time. 

•	 	The	geoscientist’s	laboratory	is	the	planet	itself.	

•	 	Satellites	help	geoscientists	see	Earth	from	above	and	beyond	the	planet.	

•	 		Information	about	the	planet	can	be	learned	from	images	that	are	cap-
tured both by satellites and high-flying airplanes. 

•	 		Geoscientists	can	use	computers	to	turn	photographs	into	3-D	images,	to	
help in understanding Earth’s surface. 

•	 		Geoscientists	can	find	evidence	from	the	past	in	rocks	found	on	Earth’s	
surface. 

•	 		Geoscientists	visit	and	study	in	places	where	important	Earth	events	are	
taking place. 

•	 		To	get	evidence	of	conditions	in	Earth’s	past,	geoscientists	use	core	
samples from rock, lake and ocean beds, and ice sheets. 

•	 		Models	are	useful	tools	for	gesoscientists	investigating	Earth’s	events	that	are	
too old, too huge, too dangerous, or too inaccessible to study first-hand.

•	 		Computers,	satellites,	and	seismographs	are	used	to	monitor	 
earthquakes from all over the world, and can help geoscientists warn 
about earthquake risks.

Follow-up Investigation Ideas: Core Samples 

Materials: 

For each group:   •	modeling clay (4 different colors) 
•	rolling pin (optional) 
•	waxed paper (optional) 
•	small container (beaker or plastic cup),  
•	20 cm length of thin PVC pipe (1/4 inch diameter) 
•	thin stick, such as a pencil  
   (fits snugly but moves inside pipe) 
•	pen or pencil and paper 
•	metric ruler 

Procedure: Put down layers of clay in the small container. Spread them in 
any order and thickness. The walls of the container represent the edges of a 
lake, and clay represents sediments at the bottom of and below the lake. 

•	 		Use	the	small	pipe	to	drill	a	“core”	by	pushing	it	straight	down	through	
all of the layers of clay. Then carefully pull the pipe back up. Use the thin 
stick to push the core of sediments out of the pipe. 

•	 		Draw	a	picture	of	the	core	on	the	paper.	Note	which	end	is	the	top	and	
which end is the bottom. Label the color of each layer. Measure and 
record the thickness of each layer of sediment in centimeters. 

•	 		The	colors	of	clay	represent	sediments	that	have	settled	over	time.	Imag-
ine it has taken an average of 1,000 years for each centimeter of sediment 
to settle at the bottom of your lake. How many years does the core repre-
sent	from	top	to	bottom?	How	many	years	does	each	layer	represent?

Discussion Questions 

Before viewing 

•	 	What	does	a	geoscientist	do?	

•	 	Where	can	geoscientists	investigate	Earth?	

•	 	What	tools	and	equipment	can	they	use?	

After viewing 

•	 	Why	do	geoscientists	study	Earth’s	past?	

•	 		What	sorts	of	things	do	geoscientists	observe	to	tell	
them	about	Earth’s	past?	

•	 		Why	do	geoscientists	look	all	over	the	world	to	inves-
tigate	Earth?	

•	 		How	can	satellites	help	geoscientists	to	understand	
what’s	happening	on	Earth’s	surface?	

•	 		Why	is	studying	rocks	important	to	geoscientists?	

•	 		What	are	core	samples	and	what	different	types	 
are	there?	

•	 		What	can	core	samples	tell	geoscientists	about	 
the	past?	

•	 		How	can	models	help	geoscientists	investigate	parts	 
of	the	earth	system?	

•	 		In	what	ways	do	geoscientists	use	computers	to	 
study	Earth?

What do your Students Already Know? 
Most students will have an idea of what a scientist is and 
some thoughts about what he or she does. Often these 
ideas place scientists in labs working with chemicals. 
Students may not be familiar with what scientists who 
study planet Earth do, or with the word geoscientist. 
Depending on the experiences your students have had, 
they may have some ideas about how Earth’s past can be 
investigated through evidence on Earth’s surface, but are 
likely to know less about how computers, satellites, and 
other technologies are used to study Earth. They may 
know that some of Earth’s past can be seen in rocks and 
they may recognize that a fossil is evidence of a living 
thing from long ago. They may also confuse archeology, 
the study of human past, with paleontology, the study of 
the planet’s past. 

Your students will understand, at least in part, what 
detectives do and should be able to relate this to what  
experts do who try to find evidence to help solve ques-
tions about the Earth’s history. With your help, they  
will be able to appreciate the importance of investigating 
the planet.

5. Investigating Earth
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Narration 
Geoscientists	are	detectives.	They	investigate	Earth	to	see	how	it	
works.	They	do	this	in	many	different	ways,	and	in	many	differ-
ent	places.	They	try	to	find	out	what	happened	in	the	past,	what’s	
happening	now,	and	what	might	happen	in	the	future.	Investigating	
Earth	takes	geoscientists	to	places	all	over	the	planet.	They	try	to	
find	out	what	has	made	Earth	change	over	time.	Geoscientists	have	
put	together	a	very	long	timeline	for	Earth.	Evidence	suggests	it	has	
a	very	long	history,	about	4.6	billion	years,	so	there’s	a	lot	to	study.	

The	geoscientists’	laboratory	is	really	the	planet	itself.	There	
are	plenty	of	things	on	Earth	to	observe	and	investigate.	Satel-
lites	help	geoscientists	see	the	big	picture	from	far	above	Earth.	
These	satellites	send	data	down	to	Earth	that	can	be	analyzed	to	
show	many	kinds	of	information	about	the	planet.	Geoscientists	
can	also	get	information	from	high-flying	airplanes.	This	one	can	
climb	high	into	the	atmosphere,	almost	to	the	edge	of	space.	
Special	instruments	on	board	photograph	Earth’s	surface	from	
very	high	up.	These	photographs	can	be	processed	to	show	the	
rocks	and	minerals	that	make	up	Earth’s	surface.	Geoscientists	
can	also	use	computers	to	make	these	photographs	into	images	
that	can	tell	a	lot	about	Earth’s	surface.	

In	the	past,	geoscientists	investigated	the	ground,	and	they	
still	do	today.	They	can	find	evidence	from	the	past	in	rocks	on	
Earth’s	surface.	They	can	also	visit	places	where	geological	events	
are	taking	place	now.	This	is	a	place	in	Africa	where	the	land	is	
spreading	apart.	Sooner	or	later,	if	this	continues,	the	land	will	
tear	open.	Looking	below	Earth’s	surface	is	difficult.	This	is	an	old	
gold	mine.	Today,	geoscientists	can	investigate	the	mine	to	find	
other	evidence	of	Earth’s	history.	But	mines	are	only	in	certain	
places.	To	get	more	information,	scientists	need	to	use	other	
methods.	They	can	drill	into	Earth’s	surface.	The	drill	can	bring	up	
rock	cores,	such	as	these.	Pieces	of	core	are	laid	out	in	boxes	in	a	
big	room.	This	geoscientist	is	measuring	and	testing	core	samples	
to	get	evidence	about	the	past.	Cores	can	come	from	several	
miles	below	Earth’s	surface.	Here	is	what	this	core	would	look	like	
if	it	were	set	up	on	the	surface.	

Another	way	to	investigate	the	past	is	to	look	at	lake	and	
ocean	beds.	This	is	a	core	of	sediment	dug	from	the	lake’s	floor.	
Its	layers	go	back	several	thousand	years.	The	core	can	tell	geo-
scientists	a	lot	about	what	happened	in	the	past.	This	is	a	huge	
freezer.	It	stores	ice	cores,	drilled	from	the	ice-sheets	of	glaciers	
in	Greenland	and	Antarctica.	Cores	like	this	can	date	back	one	
hundred	thousand	years.	Each	band	in	the	ice	core	comes	from	
just	one	year.	Bands	can	contain	dust	that	landed	on	the	ice	sur-
face	long	ago,	and	then	was	buried	when	snow	and	ice	formed	
on	top	of	it.	The	dust	has	been	trapped	in	the	ice	ever	since.	
There	is	even	air	from	Earth’s	past	trapped	in	the	ice.

Curriculum Standards 

National Science Education Standards 

•	 		Scientists develop explanations using observations (evidence) and 
what they already know about the world (scientific knowledge). 
Good explanations are based on evidence from investigations.  
(K-4 ASI 2.4) 

AAAS Benchmarks 

•	 		Scientific investigations may take many different forms, including 
observing what things are like or what is happening somewhere, 
collecting specimens for analysis, and doing experiments. (4 D1)

Words and Phrases to Know 
• geoscientists • investigate • measuring • testing • change over 
time • data • evidence • models • computers • satellites • rock 
cores • ice cores • sound waves

For Your Information 
Geoscientist is the term now generally used to describe a  
scientist who works in the “Earth science” field. Geoscientists 
include, among others, geologists, geographers, oceanographers, 
paleontologists, meteorologists, hydrologists, astronomers. They 
also draw upon the traditional disciplines of physics, chemistry 
and biology.

Models	are	another	useful	tool	for	geoscientists,	especially	
where	Earth’s	events	are	too	old,	too	huge,	or	too	dangerous	to	
study	first-hand.	In	this	large-scale	model,	geoscientists	are	ob-
serving	how	a	river	delta	forms	as	it	fans	out	into	a	lake,	ocean,	
or	sea.	This	model	shows	how	rocks	might	bend	and	curl	when	
slabs	of	Earth’s	crust	push	against	each	other.	Evidence	from	the	
model	helps	to	explain	this	landscape	and	the	patterns	in	these	
rocks.	This	geoscientist	is	making	a	model	of	something	called	
a	caldera.	A	caldera	is	a	dip	in	the	crust	caused	by	a	former	vol-
cano.	Scientists	think	there’s	a	caldera	like	this	buried	just	under	
the	surface	at	Yellowstone	National	Park.	

Computer	technology	helps	geoscientists	investigate	Earth	
too.	These	geoscientists	are	studying	rocks	using	sound	waves	
that	pass	through	the	rocks.	The	waves	are	analyzed	using	hi-tech	
computer	equipment.	They	want	to	see	if	there’s	evidence	of	oil	
where	the	rocks	came	from.	Here,	computers	monitor	earth-
quakes	from	all	over	the	world.	From	this	earthquake	station	
close	to	San	Francisco,	geoscientists	can	warn,	people	about	
earthquake	risks	in	their	area.	

Geoscientists	work	in	many	different	ways	and	places,	using	
a	variety	of	methods	and	equipment	to	understand	Earth	in	the	
past,	and	in	the	present,	and	to	predict	Earth’s	future.

13
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Key Geoscience Ideas 
•	 		The	Earth	System	is	a	set	of	smaller	systems	that	work	together	to	make	

our planet. 

•	 	Four	of	the	major	systems	are:	

The Geosphere—Earth’s crust, mantle, and inner and outer core;

The Atmosphere—the mixture of gases that surrounds the planet;

The Hydrosphere—the planet’s water including oceans, lakes, rivers, 
ground water, ice, and water vapor.

The Biosphere—all living things on Earth including plants, animals, other 
organisms, and fossils. 

•	 		These	systems,	and	others,	have	been	working	together	since	Earth’s	
beginning about 4.6 billion years ago. 

•	 		Earth	is	always	changing,	even	though	we	cannot	always	observe	these	
changes.

•	 		Energy	from	the	Sun,	and	Earth’s	inner	heat	drive	changes	in	the	Earth	
System.

•	 	Changes	in	any	one	of	these	systems	affects	the	other	systems.	

•	 		Geoscientists	investigate	Earth	systems	by	gathering	evidence	to	show	
how these systems work and interact.

Follow-up Investigation Ideas: Investigate a System 
Materials: 

For each group:   •	a safe, common everyday device (such as: nail clipper, 
   stapler, flashlight, kitchen tongs, can opener, electric- 
   toothbrush, etc.) 
•	1 sheet poster paper  
•	colored pencils

Procedure: Give each group of four students a device to work with. Ask 
 students to name some common systems. List these on the board. Ask students 
why these are systems (they all have parts that work together, using energy, 
for a purpose).

•	 	Ask	them	to	study	their	object	closely	and	consider	the	following	questions:

•	Is	it	a	system?	

•	Why	is	it	a	system?

•	What	does	it	do?

•	What	energy	(input)	makes	the	system	work?

•	What	happens	(process)	when	you	add	energy	to	the	system?

•	What	is	the	result	(output)?

•	What	would	happen	if	you	removed	one	part	of	the	object’s	system?	

•	 		Have	each	group	draw	its	object	on	a	sheet	of	poster	paper,	labeling	its	
parts, showing where energy is applied (input), what happens when it is 
applied (process), and what the result is (output). 

•	 	Ask	groups,	in	turn,	present	their	labeled	diagrams	to	the	rest	of	the	class.

Discussion Questions 

Before viewing 

•	 	What	is	a	system?	

•	 	What	systems	do	you	know?	

•	 	How	might	Earth	be	a	system?	

After viewing 

•	 	What	is	a	system?	

•	 	What	kinds	of	systems	are	there?	

•	 	How	is	the	Atmosphere	a	system?	

•	 	How	is	the	Hydrosphere	a	system?	

•	 	What	things	does	the	Geosphere	system	include?	

•	 	What	things	make	up	the	Biosphere?	

•	 	To	what	part	of	the	Earth	System	do	humans	belong?	

•	 	To	what	different	systems	do	fossils	belong?	

•	 		How	can	events	in	one	Earth	system	affect	other	 
systems?	

•	 		How	do	Earth’s	Biosphere,	Atmosphere,	Hydrosphere,	
and	Geosphere	work	together	in	the	Earth	System?	

•	 		Why	is	it	important	that	humans	understand	the	Earth	
System?

What do your Students Already Know? 
Most students will have heard the term system. They may 
be able to give examples such as transportation system, 
school system, legal system, and digestive system (make 
a list of their ideas). They are less likely to know that a 
system has interacting parts, all of which make the system 
work. They also are unlikely to know that a system usu-
ally has input of energy and material, processes, and an 
outcomes or outputs-which can also be forms of energy 
or materials.

Most students will be unfamiliar with the term Earth 
system. While they will know some parts of it (water, air, 
living things, land surface, etc.) they are unlikely to see 
them as connecting to each other in systems. They are 
most likely to think of them in separate parts (water as 
liquid, ice, rain, snow, or air as wind, clouds, storms, etc.) 
It is very unlikely that your students will think of planet 
Earth as a set of connected systems, or know the terms 
Geosphere, Atmosphere, Hydrosphere, or Biosphere.

6. Earth Systems
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Narration 
You	have	probably	heard	the	word	system	many	times.	There	
are	transportation	systems,	living	body	systems,	river	systems,	
weather	systems	and	many	more.	

Systems	consist	of	parts	that	work	together	to	make	many	
important	processes	happen.	A	living	body’s	systems	work	
together	to	adjust	to	the	environment	in	ways	that	keep	it	alive	
and	growing.	River	systems	can	be	thought	of	as	being	made	
of	the	river	water,	the	channels	the	water	flows	through,	living	
things	around	and	in	the	water,	and	more.	Weather	systems	have	
air,	water,	land,	and	heat,	all	working	together.	But	did	you	know	
that	the	whole	Earth	works	as	a	system?

In	fact,	the	entire	Earth	System	is	made	up	of	smaller	sys-
tems	that	are	connected.	One	of	these	systems	is	the	Atmo-
sphere.	This	is	the	layer	of	gas	that	surrounds	the	Earth.	There	
is	also	the	Hydrosphere,	or	water	system.	It	includes	Earth’s	
oceans,	lakes,	rivers,	ground	water,	ice,	and	water	vapor.	In	the	
Hydrosphere,	water	moves	and	changes.	The	Geosphere	is	the	
Earth	system	made	up	of	the	crust,	mantle,	and	inner	and	outer	
cores.	The	Biosphere	is	the	system	made	up	of	all	living	things.	
You	are	part	of	the	biosphere,	along	with	all	the	other	organ-
isms	on	Earth.	Fossils,	though	part	of	the	geosphere,	are	also	
connected	to	the	biosphere,	because	they	are	the	evidence	of	
past	life	on	Earth.	

When	something	happens	in	one	of	these	Earth	systems,	that	
event	affects	the	other	systems.	For	example,	an	earthquake	in	
the	geosphere	sends	waves	of	energy	through	the	Earth.	This	
energy	from	the	earthquake	can	cause	a	giant	ocean	wave,	or	
tsunami,	in	the	hydrosphere.	The	tsunami	can	travel	to	the	shore,	
where	it	can	destroy	life	in	the	biosphere.	Another	example	is	
what	happens	when	a	volcano,	a	part	of	the	geosphere,	erupts.	
Particles	from	the	eruption	get	blown	into	the	atmosphere.	
These	particles	can	get	carried	by	winds	around	the	Earth,	
sometimes	blocking	out	some	of	the	Sun’s	energy.	When	heat	
and	light	from	the	Sun	can’t	get	to	Earth’s	surface,	living	things	
in	the	biosphere	are	affected.	With	less	light,	plants,	at	the	base	
of	the	food	chain,	grow	more	slowly,	affecting	the	food	available	
to	organisms	in	the	rest	of	the	food	chain.	These	are	just	two	
examples	of	how	Earth’s	systems	affect	each	other,	but	there	are	
many	more.

It’s	important	for	us	to	understand	how	Earth’s	biosphere,	
geosphere,	hydrosphere	and	atmosphere	work	together.	This	
knowledge	will	help	humans	care	for	and	survive	on	our	beautiful	
planet	Earth.

Curriculum Standards 

National Science Education Standards 

•	 		Earth materials are solid rocks and soils, water, and the gases of 
the atmosphere. (K-4 DESS 1.4) 

•	 		The Sun provides the light and heat necessary to maintain the 
temperature of the Earth. (K-4 DESS 2.2) 

•	 	The surface of the Earth changes from day to day. 

•	 		A major goal of science in the middle grades is for students to 
develop an understanding of earth and the solar system as a set of 
closely coupled systems. The idea of systems provides a framework 
in which students can investigate the four major interacting com-
ponents of the earth system—geosphere (crust, mantle, and core), 
hydrosphere (water), atmosphere (air), and the biosphere (living 
things). (5-8 DESS) 

AAAS Benchmarks 
•	 		When liquid water disappears, it turns into a gas (vapor) in the 

air and can reappear as a liquid when cooled, or as a solid if 
cooled below the freezing point of water. (4 B3) 

•	   Air is a material that surrounds us and takes up space and whose 
movement we feel as wind. (4 B4)

Words and Phrases to Know
• system • Earth system • Geosphere • Atmosphere • Hydro-
sphere • Biosphere • input • process • output • energy • matter 
• organism • evidence • fossil

For Your Information 
Describing something as a system means that it has a set of  
characteristics that are common to all systems. All systems have 
parts that interact. They have inputs, processes, and outputs. 
Matter and energy move and change through the interactions  
of systems.

Planet Earth, from its center to the outer limits of its atmo-
sphere, including everything in and on it, is a mixed living and 
nonliving system within the solar system, the Milky Way galaxy, 
and, ultimately, the universe.

The various parts of the Earth System are collections of mat-
ter and energy that differ greatly in size, physical structure,  
behavior, and in duration of existence. These parts interact in 
complex ways. The interactions among all parts of the Earth 
system are becoming increasingly clear as widespread effects 
of changes in variables are observed and understood. It is also 
increasingly clear that the biosphere, including human life, is 
affected by all the interactions among the various Earth systems.
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Key Geoscience Ideas 
•	 		Earth	is	always	moving	and	changing,	on	the	surface	and	below	the	surface.	

•	 	Earth	started	because	of	big	events.	

•	 	Meteorites	from	space	have	crashed	onto	Earth’s	surface.	

•	 		Volcanoes	sometimes	send	hot	material	down	their	slopes	and	into	the	
atmosphere. 

•	 		The	movement	of	tectonic	plates	can	cause	earthquakes,	volcanoes,	 
tsunamis, and the formation of mountains. 

•	 	Many	big	Earth	events	happen	under	oceans	and	seas.	

•	 	Sudden	breaks	in	the	crust	on	sea	floors	can	cause	tsunamis.	

•	 		Waves	from	earthquakes	ripple	in	all	directions	and	can	cause	damage	on	
the surface. 

•	 		Some	big	events	have	taken	place	over	long	periods	of	time,	such	as	ice	
ages, and sea levels rising and falling. Others can happen suddenly, some-
times without warning.

•	 		Weather	can	cause	many	big	events	including	storms,	ice	storms,	torna-
dos, and hurricanes.

Follow-up Investigation Ideas: Making Waves 
Materials:  •  students themselves and a space big enough for them to stand 

in a circle, shoulder-to-shoulder 

Procedure:  Help your students to line up shoulder-to-shoulder in a  
line or circle. 

•	 		Tell	students	that	you	will	send	several	types	of	waves	through	the	line	to	
see how quickly each type of wave moves. 

•	 		Send	a	compressional	(P)	wave	down	the	line	by	gently	pushing	the	
shoulder of the first student in the direction of the line, and having the 
students repeat the movement to the end. 

•	 		Next,	send	a	shear	(S)	wave	down	the	line	by	gently	pushing	the	shoulder	
of the first student forward and having the student return to upright. The 
next student leans forward or back only when the neighboring student 
moves. 

•	 		Ask	students:	which	wave	was	the	fastest:	P	or	S?	(P	wave)	

•	 		Finally,	send	a	“surface	wave”	down	the	line	by	gently	pushing	down	on	the	
shoulder of the first student, who will then bend his/her knees and stand 
back up. The next student can duck down only when his/her neighbor 
moves. 

•	 		Ask	students:	which	wave	could	really	damage	a	house?	(surface wave). 
Why	is	that?

Discussion Questions 

Before viewing 

•	 	What	big	Earth	events	have	you	seen?	

•	 	What	big	Earth	events	do	you	know	about?	

•	 	Do	all	big	Earth	events	happen	quickly?	

After viewing 

•	 	Which	of	these	events	happens	quickly?	

•	 	Where	do	earthquakes	and	volcanoes	start?	

•	 	Which	big	events	happen	below	Earth’s	surface?	

•	 	Which	big	events	happen	on	Earth’s	surface?	

•	 	Which	big	events	happen	within	Earth’s	atmosphere?	

•	 		What	can	humans	do	to	protect	themselves	from	 
natural	hazards?

What do your Students Already Know? 
Very few of your students will have had direct experience 
of one of Earth’s “Big Events.” Depending on where they 
live, most will at least have experienced severe weather, 
such as a thunderstorm, high winds, or excessive rain. 
It is possible that someone might have experienced an 
earthquake, seen a volcano or survived a hurricane. If so, 
he or she can tell the others about a first-hand experience. 
Your students may well know about many extreme Earth’s 
events from movies and news items. However, they will 
not easily grasp the sheer drama and scale of such things.

It is important that your students are able to distin-
guish between events that are sudden and fast moving, 
such as volcanic eruptions and earthquakes, and those 
events that happen over very long periods of time such 
as ice ages, and climate change. The time scales involved 
with some of these events are difficult for young children 
(or even adults) to comprehend, especially those that take 
place over millions of years. For now, it is enough that 
they can distinguish the difference between sudden and 
long-term processes. Later, they will begin to appreciate 
that many of Earth’s big changes are repeated over time.

7. Earth’s Big Events
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Narration 
From	space,	our	planet	looks	very	peaceful.	Clouds	seem	to	
move	gently	around	Earth.	But	we	know	that	Earth	can	also	have	
some	violent	events!	Earth	is	alive,	always	moving	and	changing,	
both	on	the	surface,	and	deep	below.	Even	down	here	Earth	is	
never	still.	

There	have	been	a	lot	of	big	events	in	the	distant	past.	Early	
Earth	was	pounded	by	meteors	and	asteroids.	This	has	happened	
more	recently,	too.	This	impact	happened	in	the	Chesapeake	
Bay	35	million	years	ago,	long	before	humans	evolved.	Volcanoes	
are	one	of	Earth’s	most	dramatic	surface	events.	You	don’t	want	
to	be	near	one	of	these!	It’s	not	just	the	fiery	explosion,	or	the	
terrifying	materials	that	rush	down	a	volcano’s	slopes.	Large	
volcanoes	also	spew	material	high	up	into	the	atmosphere	as	a	
dark	plume	of	fine	powdery	dust.	This	plume	of	dust	can	be	so	
dense	that	it	can	sometimes	block	out	the	Sun.	And	it	can	last	a	
long	time.

The	processes	that	cause	a	volcano	to	erupt	begin	down	
below.	Here,	the	giant	tectonic	plates	are	pushed	by	forces	
inside	the	Earth.	The	plates	shift	and	grind	against	each	other.	
When	one	plate	grinds	under	another	plate,	it	causes	mountains	
to	form,	such	as	the	Rockies	in	Northwestern	America.	A	lot	of	
big	Earth	events	happen	where	we	can’t	even	see	them,	under	
oceans	and	seas.	One	is	the	formation	of	a	mid-ocean	ridge.	
Magma	pushes	through	a	place	where	plates	are	spreading	apart.	
This	also	creates	new	ocean	crust.	Sometimes	the	crust	below	
an	ocean	suddenly	snaps	to	a	new	position.	When	this	hap-
pens,	it	can	cause	a	giant	wave	called	a	tsunami,	very	dangerous	
for	people	who	live	at	the	water’s	edge.	In	an	earthquake,	huge	
vibrations	ripple	in	all	directions.	They	roll	across	the	surface,	and	
can	damage	buildings	and	injure	people.

On	Earth’s	surface,	many	large	events	take	place.	Over	very	
long	periods	of	time,	Earth	has	experienced	big	changes	in	tem-
perature.	In	cold	times,	ice	has	advanced.	This	is	what	it	might	
have	looked	like,	though	we’ve	sped	things	up	many	times.	As	
Earth	warmed,	the	ice	sheets	melted.	Much,	much,	later	humans	
built	New	York	City	here.	When	ice	melts,	sea	water	levels	rise.	
In	its	long	history,	Earth	has	seen	many	changes	in	sea	levels.	In	
Washington	State	a	long	time	ago,	ice	once	formed	a	dam,	hold-
ing	water	back.	When	the	dam	broke,	water	then	rushed	over	the	
land,	changing	it	dramatically.

Unlike	events	below	Earth’s	surface,	people	can	see	big	
Earth	events	that	result	from	the	weather.	Sometimes,	weather	
conditions	are	extreme.	Storms	can	produce	serious	flooding.	
Ice	storms	can	stop	us	from	getting	around.	Tornadoes	can	form	
suddenly,	and	cause	damage,	even	loss	of	life.	But	it	is	hurricanes	
that	often	produce	the	most	dramatic	events.	

Curriculum Standards 

National Science Education Standards 

•	 		The surface of the earth changes. Some changes are due to slow 
processes, such as erosion and weathering, and some changes are 
due to rapid processes, such as landslides, volcanic eruptions, and 
earthquakes. (K-4 DESS 3.1) 

AAAS Benchmarks 

•	 		Waves, wind, water, and ice shape and reshape the earth’s land 
surface by eroding rock and soil in some areas and depositing 
them in other areas, sometimes in seasonal layers. (4 C1)

Words and Phrases to Know 
• space • planet • violent events • meteors • asteroids  
• impact • humans evolved • volcanoes • fiery explosion • 
atmosphere • processes • erupt • tectonic plates • forces inside 
the Earth • shift and grind • mountains • oceans and seas • 
formation • mid-ocean ridge • magma • new ocean crust • 
tsunami • earthquake • vibrations • changes in temperature • 
ice • sea water levels • weather • weather conditions • storms 
• flooding • ice storms • tornadoes • hurricanes • satellites • 
computer simulation

For Your Information 
Earth has experienced many powerful events in its 4.6 billion 
year history. The impact of a sufficiently large asteroid or comet 
could have caused food chains to collapse both on land and at 
sea by producing dust and particulate aerosols and inhibiting 
photosynthesis. More slowly, decreases in the average sea-level 
over periods of time are associated with most of the mass extinc-
tions Earth has experienced over time.

These	are	massive	storms	which	can	be	tracked	by	satellites.	
Here	is	what	they	look	like	in	a	computer	simulation.	

Many	big	Earth	events	take	place	slowly,	over	very	long	
periods	of	time.	Others	can	happen	very	quickly	indeed.	That	is	
the	nature	of	our	planet.	Our	world	may	look	peaceful,	but	its	
complex	processes	can	result	in	many	types	of	big	events.
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Key Geoscience Ideas 
•	 	Without	air,	water,	or	living	things,	Earth’s	surface	would	be	just	solid	rock.	

•	 		Over	long	periods	of	time,	small	rock	particles	can	be	broken	off	and	
moved by wind, ice and running water. 

•	 		Sediment,	made	from	rock	particles,	can	settle	in	layers	on	the	floors	of	
river valleys, lakes and oceans. 

•	 		As	time	goes	by,	layers	of	sediment	can	become	pressed	together	forming	
sedimentary rock. 

•	 		Sedimentary	rock	can	sometimes	be	pushed	up	by	forces	beneath	Earth’s	
surface to form new mountains, only to be worn down again. 

•	 		Not	all	rocks	are	sedimentary	rock.	Rock	that	has	come	from	melted	
material below Earth’s surface and then cooled is called igneous rock. 
Rock that has been greatly changed by pressure or heat is called  
metamorphic.

Follow-up Investigation Ideas: Know Your Rocks! 
Materials: 

For each student:   •	1 rock sample  
•	hand lens 
•	1 index card 

Procedure: Have each student observe his or her rock closely, first with eyes 
and then with a hand lens. Each student should write her or his name on the 
card and then observe the rock’s shape, texture, color, and other attributes 
and record these on the card.

•	 		Now	collect	all	the	rock	samples	and	place	them	in	a	long	line	some-
where out of sight (in the corridor outside the room, or front of class for 
example) 

•	 		When	everything	is	ready,	let	your	students	look	at	the	line	of	rocks.	Each	
student should use the information on the index card to find his or her 
rock, then take it back to his or her seat. 

•	 		In	their	groups,	have	your	students	discuss	how	hard	or	easy	it	was	to	
find their rocks. Ask them to: Decide what information would make 
it easier to find. Review the observations to see whether they included 
helpful features. (e.g., color, size and arrangement of crystals or grains, 
fractures or breaks in the rock, layering, or hardness). 

•	 	Let	students	add	any	new	details	to	their	cards.	

•	 		Collect	and	put	the	rocks	into	a	long	line	again.	This	time,	shuffle	the	
cards so that each student gets someone else’s card, and then uses it to 
find that person’s rock. He or she can check with the owner to be sure it 
is the right one. 

•	 		Have	students	take	their	new	rocks	and	cards	back	to	their	seats,	and	use	
them	to	answer	these	questions:	How	easy	was	it	to	find	the	new	rock?	
What	could	have	been	done	to	make	finding	the	rock	easier?	What	can	
you	now	say	about	rocks	based	on	your	observations?	

•	 		Discuss	with	your	students	the	importance	of	making	and	recording	
observations in a way others can see and understand.

Discussion Questions 

Before viewing 

•	 	What	is	a	rock?	

•	 	Where	do	rocks	come	from?	

•	 	How	are	rocks	the	same	and	how	do	they	differ?	

After viewing 

•	 		What	would	Earth	be	like	if	there	were	no	water,	air,	
or	living	things?	

•	 		What	can	happen	to	solid	rock	over	long	periods	 
of	time?	

•	 		What	part	does	water	play	in	changing	and	moving	
rocks?	

•	 		How	are	rock	particles	carried	from	one	place	to	
another?	

•	 		What	happens	when	rock	particles	reach	slowly	mov-
ing	rivers,	lakes	and	oceans?	

•	 	How	does	sediment	become	rock	over	time?	

•	 	What	happens	in	the	process	called	the	rock	cycle?	

•	 		What	different	types	of	rock	are	there	and	how	are	
they	formed?

What do your Students Already Know? 
Based on experience, every one of your students will  
have some ideas about rock. However, their thoughts 
about what rock actually is and how rocks are formed 
may vary widely. For some young children, rocks have an 
animate quality and cannot clearly be distinguished from 
living things.

Some students may think all rocks share the same 
characteristics— they are hard, have sharp edges, and are 
usually brown or gray. Some of your students may think 
that rocks are made of hardened sand or soil. Others may 
associate rock with hardened volcanic lava (as indeed igne-
ous rocks are), but have little understanding beyond that.

Your students are unlikely to know about the rock 
cycle, or its various processes. They are also unlikely to 
know differences between rock types: sedimentary, igne-
ous, and metamorphic. Knowing that rocks are of several 
types and change over time is enough for now.

8. Earth Rocks
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Narration 
From	space,	Earth	does	not	look	like	a	rocky	planet.	But,	if	you	
take	away	its	air,	water,	and	all	living	things,	Earth	is	just	rocks	and	
landforms.	

Every	landform	we	see	is	made	of	rocky	material.	This	is	not	
just	the	solid	rock	we	see	in	mountains	and	cliff	faces.	It	is	also	
the	loose	rock	particles,	called	sediments	that	cover	valley	floors,	
and	form	large	deltas,	hills	and	dunes.	Mountain	tops,	desert	
sands,	and	all	the	layers	underneath,	are	made	of	rocks	and	rock	
materials.	They	may	not	seem	to	change	much.	But,	over	time,	
sometimes	very	long	periods	of	time,	they	are	moved,	by	wind,	
ice,	and	liquid	water.	Water	plays	a	special	role	in	changing	rocks.	
As	water	moves	downhill,	it	carries	rock	particles	along,	leaving	
some	as	sediment	in	river	valleys.	Other	particles	are	carried	into	
lakes,	and	eventually	into	oceans.	The	particles	settle	on	lake	
bottoms	and	ocean	floors	as	deltas	and	layers	of	sediment.	As	
time	goes	by,	these	layers	of	sediment	get	pressed	together	to	
become	new	sedimentary	rock.	We	can	sometimes	clearly	see	
the	layers	of	sedimentary	rock	on	exposed	cliff	faces.

The	journey	taken	by	rocks	does	not	stop	there.	Sometimes	
forces	from	inside	Earth	push	sedimentary	rock	up,	forcing	it	into	
mountains	once	again.	This	is	all	part	of	a	process	called	the	rock	
cycle.	Not	all	rocks	are	sedimentary.	This	is	igneous	rock,	and	it	
has	a	different	story	to	tell.	Earth	has	many	different	types	of	
igneous	rocks.	But	all	igneous	rocks	start	with	pressure	and	heat.	
It	is	pressure	and	heat	from	below	Earth’s	crust	that	begins	the	
story	of	igneous	rocks.	When	the	hot,	molten	material,	called	
magma,	bursts	through	the	surface	as	lava,	it	immediately	begins	
to	cool	and	form	igneous	rock.	Igneous	rock	is	also	formed	in	
oceans	where	the	crust	spreads	apart.	Rising	magma	thickens	
the	crust	from	below,	forming	new	igneous	rock	on	the	sea	bed.	
Sometimes	molten	rock	can	cool	below	the	surface	forming	
what	geoscientists	call	intrusive	igneous	rock.

A	different	type	of	rock	forms	when	tectonic	plates	slowly,	
but	relentlessly,	crash	into	each	other,	pushing	up	mountains.	As	
the	mountains	slowly	rise,	rock	below	gets	heated,	squeezed,	
and	changed.	This	new	material	is	called	metamorphic	rock.	
Metamorphic	rocks	can	also	form	when	magma	rises	through	
the	crust	and	heats	surrounding	rocks.	Metamorphic	rock,	like	
igneous	rock	and	sedimentary	rock,	can	be	pushed	up	on	Earth’s	
surface,	only	to	be	worn	away	again,	making	new	sediments	that	
will,	one	day,	become	new	rock.	This	is	all	part	of	Earth’s	ever-
changing	rock	cycle.

Curriculum Standards 

National Science Education Standards 

•	 		Earth materials are solid rocks and soils, water, and the gases of 
the atmosphere. The varied materials have different physical and 
chemical properties. (K-4 DESS 1.1) 

•	 		The surface of the earth changes. Some changes are due to slow 
processes, such as erosion and weathering, and some changes are 
due to rapid processes, such as landslides, volcanic eruptions, and 
earthquakes. (K-4 DESS 3.1) 

AAAS Benchmarks 

Waves, wind, water, and ice shape and reshape the earth’s land 
surface by eroding rock and soil in some areas and depositing them in 
other areas, sometimes in seasonal layers. (4 C1) 

•	 		Rock is composed of different combinations of minerals. (4 C2)

Words and Phrases to Know 
• rocks and landforms • solid rock • mountains • rock particles 
• sediments • valley floors • deltas • hills • dunes • mountain 
tops • desert sands • rock materials • river valleys • lakes • 
oceans • sedimentary rock • rock cycle • igneous rock • pres-
sure • heat • magma • lava • intrusive igneous rock • tectonic 
plates • metamorphic rock

For Your Information 
Sediment is made up of loose pieces of minerals and rocks (in 
the form of gravel, sand, silt, and clay). These pieces of rocks 
come from solid rock exposed at Earth’s surface. Broken down 
very slowly by weathering, the loose pieces are then eroded and 
moved by running water, wind, waves, or ice. Often, it contains 
the remains of living things as well. The sediments are eventually 
deposited somewhere else, sometimes thousands of miles away. In 
certain conditions, and over very long periods of time, sediment 
becomes compacted and cemented into sedimentary rock.

Igneous rocks come from melted rock material called magma, 
below Earth’s surface. As it cools on, or just below, Earth’s sur-
face it turns into solid new rock.

Metamorphic rock comes from sedimentary and igneous rock 
that has become buried deep in Earth’s crust and then changed 
by heat and pressure.
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Key Geoscience Ideas 
•	 	Human	existence	on	Earth’s	surface	has	a	history.	

•	 		Humans	learned	to	use	Earth’s	geosphere	to	make	things	they	needed,	for	
example using rocks for buildings and roads. 

•	 		Humans	learned	to	take	minerals	from	Earth’s	crust	to	make	tools,	orna-
ments, weapons and other useful objects. 

•	 		Humans	have	come	to	rely	on	materials	from	Earth’s	geosphere	for	energy,	
such as coal, oil, and natural gas, known as fossil fuels. 

•	 		Fossil	fuels	have	formed	from	buried	and	decaying	plant	and	animal	
material over many millions of years. 

•	 		By	burning	fossil	fuels,	humans	are	able	to	fly	planes,	drive	cars,	heat	
homes and other buildings, and generate electricity that powers a vast 
range of devices. 

•	 		Humans	build	homes,	roads,	bridges	and	other	structures	on	the	 
geosphere. 

•	 		Humans	use	soil	on	Earth’s	surface	to	grow	food	for	themselves	and	other	
animals. 

•	 		Humans	have	to	find	ways	of	coping	with	natural	hazards	from	the	geo-
sphere, such as earthquakes, volcanoes, lahars, and landslides. 

•	 		Understating	how	Earth	works	as	a	system	enables	humans	to	prepare	for	
and sometimes predict likely natural hazards.

Follow-up Investigation Ideas: How Much Energy? 
Materials: 

For each student:  •	pencil and paper

Procedure: Ask students to think of one activity they do each day that uses 
electricity. Give them time to talk this over with others in their group. (They 
might suggest lights, playing music, playing video games, watching televi-
sion, etc.) 

•	 		Make	a	list	of	the	ideas	that	students	bring	up	during	their	discussions.	

•	 		Next,	ask	students	to	think	of	two	ways	in	which	they	could	reduce	the	
amount of electricity they use to do that activity. Make a list of these as 
well. Ask students to review the entire list and make suggestions for a 
group plan on how to use electricity more wisely.

Discussion Questions 

Before viewing 

•	 		What	parts	of	Earth’s	surface	do	humans	use	to	make	
things	they	need?	

•	 		What	energy	resources	do	humans	get	from	the	 
geosphere?	

After viewing 

•	 		How	have	humans	used	Earth’s	surface	differently	
from	other	animals?	

•	 	How	have	humans	used	rock	from	the	geosphere?	

•	 		How	have	humans	used	metals	from	rocks	to	make	
their	lives	easier?	

•	 	What	are	fossil	fuels	and	why	are	they	called	that?	

•	 	For	what	do	we	humans	use	fossil	fuels?	

•	 	Why	is	soil	so	important	for	humans	and	other	animals?	

•	 		What	events	in	the	geosphere	can	be	hazards	for	
humans?	

•	 		Why	is	it	important	that	humans	understand	about	
the	Earth	as	a	system?

What do your Students Already Know? 
All your students will have ideas about Earth’s surface, 
but they may only have a beginning understanding of 
Earth’s crust and the term geosphere. While they will be 
able to associate the use of rock with buildings and other 
structures, they are unlikely to see this within a histori-
cal perspective. Similarly, they are very familiar with our 
use of metals, but not likely to know how humans first 
began to fashion tools and other devices, or the dramatic 
changes that this technology brought about.

Most of your students will have some idea of our use 
of energy. Despite this they may not know much about 
how fossil fuels have been formed in the geosphere, 
nor how they are extracted and turned into the energy 
resources widely used today. They may have heard about 
the problems associated with burning fossil fuels and 
even know some things about greenhouse gases, but they 
may not realize that fossil fuels are used, along with other 
technologies, to create electricity.

9. Humans and Earth’s Surface

20	 Copyright	©	2010,	American	Geological	Institute	-	All	Rights	Reserved	



21

Narration 
Humans	have	lived	on	planet	Earth	for	a	very	long	time.	From	
early	human	civilization,	people	have	used	the	materials	of	
Earth’s	geosphere.	For	example,	beginning	in	ancient	times,	
humans	have	used	rocks	to	make	buildings	and	roads.	They	have	
taken	minerals	from	Earth’s	crust	to	make	tools,	decorations,	
vehicles,	weapons,	and	many	other	useful	objects.

Humans	have	come	to	depend	on	resources	from	the	geo-
sphere	for	energy,	too.	These	resources	include	coal,	known	
as	the	“rock	that	burns,”	as	well	as	oil	and	natural	gas.	These	
resources	are	known	as	“fossil	fuels,”	because	they	formed	from	
decaying	plant	and	animal	material	over	the	span	of	millions	of	
years.	By	refining	and	burning	these	fossil	fuels,	humans	are	able	
to	fly	planes,	drive	cars,	heat	their	homes,	and	generate	electric-
ity	that	powers	all	kinds	of	devices.

The	geosphere	provides	many	benefits	to	humans,	not	the	
least	being	the	beauty	of	the	landforms	on	the	planet’s	surface.	
The	geosphere	also	provides	us	with	places	to	build	homes,	
roads,	bridges,	and	other	structures,	soil	in	which	to	grow	food	
for	humans	and	other	animals,	and	surfaces	that	contain	all	the	
bodies	of	water	in	Earth’s	hydrosphere.

While	humans	are	very	dependent	upon	the	geosphere	in	
many	ways,	they	also	have	the	challenge	of	living	with	hazards	
from	the	geosphere.	These	include	volcanic	eruptions,	mas-
sive	earthquakes,	lahars	and	landslides.	By	understanding	how	
dynamic	processes	in	Earth’s	geosphere	produce	hazards,	humans	
can	avoid	the	dangers	and	damage	these	hazards	cause.	One	of	
the	jobs	of	geoscientists	is	to	watch	for	these	hazards	and	to	
warn	others,	when	possible,	when	they	are	about	to	occur.	It	is	
difficult	to	predict	when	earthquakes	will	happen,	but	geosci-
entists	can	help	to	pinpoint	where	they	are	likely	to	occur.	This	
helps	humans	decide	where	it	is	safe	to	live	and	how	to	build	
things	such	as	homes,	schools	and	businesses.

The	more	we	understand	Earth’s	geosphere,	the	more	we		
can	live	in	harmony	with	the	planet.	It	is	our	responsibility		
to	use	Earth’s	resources	wisely,	and	learn	to	adapt	to	Earth’s		
many	changes.

Curriculum Standards 

National Science Education Standards 

•	 		Earth materials are solid rocks and soils, water, and the gases of 
the atmosphere. The varied materials have different physical and 
chemical properties, which make them useful in different ways, for 
example, as building materials, as sources of fuel, or for growing the 
plants we use as food. Earth materials provide many of the resources 
that humans use. (K-4 DESS 1.1) 

•	 		Soils have properties of color and texture, capacity to retain water, 
and ability to support the growth of many kinds of plants, includ-
ing those in our food supply. (K-4 DESS 1.3) 

AAAS Benchmarks 

•	 		There are not enough resources to satisfy all of the desires of all 
people, and so there has to be some way of deciding who gets what. 
(7 E3)

Words and Phrases to Know 
• Humans • civilization • geosphere • buildings • roads • 
minerals • tools • decorations • vehicles • weapons • resources 
• energy • coal • oil • natural gas • fossil fuels • decaying • 
refining • burning • fly planes • drive cars • heat homes • 
generate electricity • devices • bridges • structures • soil • grow 
food • hydrosphere • volcanic eruptions • earthquakes • lahars 
• landslides • dynamic processes • hazards • adapt

For Your Information 
Humans, as a species, are relative newcomers to planet Earth. In 
fact, if a movie lasting 24 hours were to be made, encompass-
ing the whole of Earth’s history since its beginning 4.6 billion 
years ago, the audience would only see humans in less than 
the last half second! Yet, such is our ability to develop ways to 
spread and live throughout different environments, it is almost 
impossible to imagine a world devoid of people. Fundamental 
to successful development has been humans’ ability to make use 
of Earth’s geosphere (along with hydrosphere, biosphere and 
even atmosphere) in ways that improve our quality of life and 
increase our likelihood of survival. From building defensible 
structures with rocks, through using Earth’s minerals for metals 
and other materials, to extracting energy resources, humans have 
been able to thrive. In so doing, however, humans have often 
created new environmental problems.
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Enhance your classroom use of 

EarthandYou™
with these earth science kits from Lab-Aids™

Modeling Stream Erosion and Deposition  (kit 442)

Making and Interpreting Topographic Maps  (kit 439S)

Rock Cycle Activity  (kit 404S)

Plate Tectonics: Examining  Evidence  
for Continental Drift  (kit 445S)


