
The Incredible Plate Tectonics Comic 
is a wild adventure in earth science. 
Follow Geo and his robot dog, Rocky, 
as they travel back in time to Pangea, 
surf a tsunami, and escape an erupting 
volcano—all in time for Geo’s first-period 
science test!

The journey starts 200 million years 
ago and takes you to modern-day 
Hawai’i, the ocean floor, and deep 
inside the Earth.

You’ll learn:

  How scientists developed the   
    theory of plate tectonics
  Why the Earth shakes
  What’s in the center of the Earth
  How volcanoes can form islands

The Incredible Plate Tectonics Comic 
will teach you about geology in a fun, 
lively, and visual way.

An Amazing,
Earth-shattering

Adventure!

An Amazing,
Earth-shattering

Adventure!

Whoa!
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Two hundred million years ago 
Earth was very different.

In this age of upheaval we find 
our hero, Geo...

What have I 
gotten myself 

into now?
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Elsewhere...

I think that 
time machine 
sent us to a... 

less than 
desirable 

period.

Earth is  
going through a 

dramatic change. If I’m 
not mistaken, we may be 
witnessing the breakup 

of Pangea.

I’m not sure  
where Geo is, but I’m 
going to be a pile of 
scrap metal if I don’t 

get outta here!

Hang on, 
Rocky! I’ll 
save you!

That was 
close! What 
took you so 

long?

I ran 
into some 
trouble.

What’s 
happening?

It’s like the 
end of the 

world.

Actually,  
it’s the beginning 

of a new age, 
Geo.

What do you 
mean, Rocky?

It looks like we’ve 
transported ourselves 

back to when Pangea was 
breaking apart.
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Pangea? 
What’s that? About 200 million years ago  

all of the continents we know 
today were part of a much larger 
continent, a single supercontinent, 

called Pangea.

The continents 
used to fit together 

like pieces of a large 
puzzle. But they didn’t 

stay that way.

What 
happened?

The  
continents 

began to move—
well actually, 
the tectonic 

plates began to 
move—as they 
had many times 

before.

200 Million 
Years Ago

135 Million 
Years Ago

65 Million 
Years Ago

Today

Oh, I remember now. 
And the movement of the 

tectonic plates also causes 
earthquakes.

That’s right.  
A tectonic plate is 

a piece of the Earth’s 
lithosphere, a rigid 
shell that includes 

the crust and the top 
part of the upper  

mantle.

Let’s take 
a look...

“Oceanic crust is the crust under the 
oceans, whereas continental crust is 

what the continents are made of.”

(North America, 
South America, 

Asia, Europe, Africa, 
Antarctica, Australia)

(Pangea)

Oceanic 
Crust

Continental Crust

Lithosphere Lithosphere

Upper Mantle

Oceanic crust  
is dense and relatively 

thin compared to 
continental crust, which 
tends to be thicker and 

less dense.

George! 
Wake up!

Uh-oh!
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Back to reality...

George,  
Wake up!  

You missed 
the bus!

Oh no!

My big earth 
science test 

is today!

It’s been a 
tough quarter.  

If I miss this test, 
I’ll be in big  

trouble!

I guess I was 
up too late 
studying.

Mom and Dad  
must have taken off 

for work early. 
I knew I should have 

set my alarm!

Good thing I can 
always count on 

Grandma!

I’d better brush my 
teeth quickly and go. 
Being late is not an 

option today.
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Come eat  
some breakfast, 

George. Then 
I’ll drive you to 

school.
You need  

a good meal to 
start the day. 

Thanks,  
Grandma! You’re 

the best! I’ll take 
some toast for 

the road.

I have a big test 
I can’t be late 

for. I can’t get 
stuck in traffic. I’ll get there 

quicker on my 
skateboard, 

anyway.

You be 
careful on 
that thing, 

now.

Of course, 
Grandma. 
I’m always 
careful.

Besides... 
it’s my fault I 

overslept.

I can even quiz 
myself on the way 

there—and the 
fresh air will do 

me good.

Bye, Grandma! 
I love you! 

See you when 
I get home!

Good luck, 
baby!
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This test is 
going to be 

tough!

What was 
it again 

about plate 
tectonics? 

Previously in class...

The deep  
Earth looks 

very different 
from what we 

see here on the 
surface.

“Beneath the crust of the Earth lies the mantle, 
the rocky portion of the Earth that extends 
to a depth of about 2900 kilometers (about 
1800 miles). Beneath the mantle is the molten 

outer core followed by the solid inner core. 
Both the inner core and the outer core are 

rich in iron and incredibly hot.”

Crust

Mantle

Liquid Outer Core

Solid Inner Core

“The Earth is very active—
its interior is constantly moving.”

Most of the time we 
don’t notice because 

the tectonic plates are 
moving very slowly, 

at just about the speed 
fingernails grow!

But when these  
plates move suddenly 

along a fault, that’s hard to 
ignore. We call these sudden 

movements earthquakes.

And when the 
Earth moves, the 

landscape can change 
drastically...

Cool!
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On his way to school...

These sidewalks  
are so uneven. 

I have to be careful 
not to fall.

These cracks 
remind me of 
the faults we 
talked about 

in class.

“Faults are fractures or cracks in 
the Earth’s crust that form during an 
earthquake. When the tectonic plates 

move, the movement stresses the rocks, 
which then sometimes snap!”

Snap out of it, 
George! If I don’t 
pay attention, the 

cracks are going to 
send me flying!
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And with a little imagination...

I’d better 
transform into 
Geo if I’m going 
to survive this 

one!

...a boy and his backpack transform...

That was 
close, Rocky!

Watch out 
for moving 
sidewalks!

...into superheroes!

Or rather, 
moving plates!

North American 
Plate

Juan de Fuca 
Plate

Caribbean 
Plate

African 
Plate

Cocos 
Plate

Pacific 
Plate

Nazca 
Plate

South American 
Plate

Scotia Plate
Antarctic Plate

* There are dozens of tectonic 
plates on Earth, both major and 
minor. Only ten are labeled here. 
The arrows show the direction 

the plates move.



Fortunately 
for us, plates 
only move...

...a few inches 
each year, 

on average.

“The tectonic plates move through 
a process called convection. 
The hot mantle deep within the 

Earth shifts as hot rock expands, 
decreasing its density, and 

begins to rise, while colder, 
denser rock sinks.”

“This sets up a cycle that 
moves the rigid tectonic 

plates on the surface and 
releases heat from the deep 

interior of the planet.”

Trench

Oceanic Ridge
Lithosphere Trench

Asthenosphere

Mantle

Outer Core

Inner 
Core

Convection  
also happens in the 

outer core, which helps 
to cool both the inner and 

outer core and generate the 
Earth’s magnetic field.

But why  
is it so hot 

down there?
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“Heat in the deep Earth comes from a few sources, 
primarily radioactive decay and primordial heat.”

“Primordial heat is energy that accumulated 
when Earth was forming.”

“This primordial energy is due mostly to 
energy from meteorites that collided to 

form Earth more than 4.5 billion years ago.”

Sounds like a 
violent time!

It was.  
But the other kind 
of heating isn’t so 

dramatic.

Radioactive decay is 
the process by which an 
unstable atom becomes 

more stable by releasing 
energy and a particle.

“Together, radioactivity and primordial 
heat provide the energy that makes 
the Earth’s interior very, very hot.”

Unstable 
Radioactive 

Atom

Energy

More 
Stable 
AtomParticle
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So it’s heat that 
causes the motion 

of the plates?

YEs. But the 
plates are moving 

in different 
directions, so 

there are different 
kinds of plate 
boundaries... 

When two tectonic 
plates move toward each 

other at a convergent 
boundary, compressional 

forces are produced.

Convergent

Pushing 
together Sliding past

Divergent

Pulling apart

Transform

The massive  
pushing forces at 

convergent boundaries 
produce some of Earth’s 
tallest mountain ranges, 

like the Himalayas and  
the Alps.

Mountain Range

High 
Plateau

Continental Crust

Lithosphere

Asthenosphere

Continental Crust

Lithosphere

Ancient Oceanic Crust

In the Himalayas, 
two tectonic plates 

are converging, which 
results in very tall 
mountains and large 

earthquakes.

Eurasian Plate

Tibetan 
Plateau

The Himalayas

Indian Plate

Indian Ocean

Cool!

Can you tell 
us more about 
earthquakes?

...convergent, 
divergent, and 

transform.
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Most 
earthquakes 

occur where two 
plates meet and 
move in relation 
to each other.

Because tectonic 
plates move slowly, 
sometimes stresses 

build up due to friction 
for decades or 

centuries—until a piece 
of the plate slips 

quickly, all at once!

“The energy from an earthquake is released 
as sound waves, called seismic waves, 

which radiate from the place where the 
earthquake ruptures, called the focus. 
The epicenter is the place on the Earth’s 

surface directly above the focus.”

Epicenter

Focus

“As these waves move through the Earth, they travel at different speeds 
depending on the kind of material they are passing through. Eventually, when 
the seismic waves reach the surface, they move the ground and anything on it. 

The larger the wave motion, the greater the potential damage.”
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“Earthquakes can cause damage to buildings and other 
structures, as well as make dramatic changes to the land itself. 

Earthquakes can be very dangerous.”

“Very large earthquakes occur at convergent boundaries called 
subduction zones. Subduction occurs when one of the converging 

tectonic plates has oceanic lithosphere on its leading edge.”

Vo
lca

ni
c A

rc

Tr
en

ch

Oceanic Crust
Continental Crust

Lithosphere Earthquakes Lithosphere

Asthenosphere

“This dense rock bends and 
sinks beneath the less dense 
continental lithosphere of 

the second plate. Tsunamis are 
also a possibility...”

Uh-oh!
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Suddenly...

Aack!  
I don’t want to 

get wet!

Tsunamis are 
no joke!

Time to 
transform!
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That was 
close!

“Tsunamis often 
occur at subduction 

zones where the 
denser oceanic 

lithosphere sinks 
under the less 

dense continental 
lithosphere.”

Overriding 
Plate

Stuck

“Friction between 
the two plates can 

cause them to ‘stick,’ 
making the top 

plate bulge under 
the strain.”

Slow Distortion

“When an earthquake 
occurs, the plates 
slip and release 

energy into 
the water.”

Tsunami starts  
during earthquake

Stuck area  
ruptures, releasing 
energy in an earthquake

“This energy release 
produces the 

tsunami waves.”

Tsunami 
waves spread

Gotta  
be careful riding 

out there. 

Oh no!  
That old woman 
is going to fall 
right into that 

manhole!

Subducting Plate
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“It’s like an erupting 
volcano bursting with 
ash and molten lava.”

“In addition to earthquakes and 
tsunamis, convergent boundaries can 
also produce explosive volcanoes. 
Water trapped in minerals subducts 

with the sinking lithosphere, enhancing 
mantle melting and the production 
of magma. This magma is erupted as 

lava, ash, and gas. The volcanoes are 
often observed on the continent near 

a subduction zone...”

Vo
lca

ni
c A

rc

Tr
en

ch

Oceanic Crust
Continental Crust

Lithosphere Lithosphere

Asthenosphere

“...or as islands in an island arc.”

Oceanic Crust
Tre

nc
h

Isl
an

d A
rc

Continental 
Crust

Lithosphere Lithosphere

Asthenosphere

Fear not!  
I’ll save you!

Oh my! 
Thank you, 
young man!

My pleasure, 
ma’am!
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Cascadia Trench

Gotta 
run!

Mt. Garibaldi
Mt. St. HelensAleutian Trench

Kuril Trench
Japan Trench
Izu Ogasawara TrenchRyukyu Trench

Mt. Pinatubo
Philippine 

Trench
Marianas TrenchMt. Mayon Middle America 

Trench
Bougainville Trench

Java Trench

Peru-Chile TrenchTonga Trench

Kermadec Trench

“The Ring of Fire is the boundary 
surrounding the Pacific Ocean 

where many tectonic plates meet 
and move against one another.”

“The Ring of Fire has areas of 
subduction at each of its trenches, 
along with arc volcanoes along 
the boundaries. These volcanoes 

are how this region gets its name.”

“In fact, nearly all 
volcanic eruptions happen 
along plate boundaries.”

PACIFIC OCEAN



“Not all volcanoes are 
destructive. At divergent 
boundaries, where plates 

move apart, new crust is made. 
Here, oceanic plates spread 

apart and new rock is formed 
at the bottom of the ocean. 

This is called seafloor 
spreading.”

“In fact, most volcanic 
eruptions on Earth occur 
at these oceanic ridges 

where the seafloor 
spreads. Anywhere there 
is an active volcano, heat 
from deep in the Earth 

is escaping.”

Magnetic stripes recorded at oceanic ridge

Lithosphere Magma

“Not only does this 
magma make new rock, 

the iron-rich minerals in it 
record Earth’s magnetic 

field as they cool...

“...leaving a record 
of the magnetic field 

along the ocean floor. 
The farther from the 
oceanic ridge a piece 

of the oceanic crust is, 
the older it is.”

Hey, kid!  
Watch out! 

You can’t ride 
on this!

Uh-oh!
18



Volcanoes can 
occur within a tectonic 

plate, too. These are 
hotspots.

Hawai’i is one such 
hotspot. Scientists think 
the magma that created 

these islands started deep 
in the mantle and rose as 

a plume of hot rock. 

“As the Pacific tectonic 
plate moved in a northwest 

direction, new islands 
were formed. The oldest 

islands are Ni‘ihau and 
Kaua‘i, which stopped 

erupting 5 million years 
ago. The youngest—and 
still actively erupting—

is the ‘Big Island’ of 
Hawai‘i. Given the age of 

the rocks on each island 
and the distance between 

them, scientists have 
measured the average 

speed of the Pacific plate 
to be approximately 

10 centimeters 
(about 4 inches) per year.”

Motion of  
Pacific plate 

Ni‘ihau
Kaua‘i

O‘ahu

Moloka‘i
Maui

Lā   na‘i
Kaho‘olawe

Hawai‘i

Pacific PlateLithosphereAsthenosphere

M
an

tle
 P

lu
m

e

The Hawaiian 
Hotspot

Made it! 

The bell’s  
about to ring! Gotta 

get in before the 
doors close!
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Uh-oh!

Ouch! 
My skateboard 
just made it in!

“Finally, tectonic plates can also 
slide against one another.”

“These strike-
slip faults are at 
transform plate 

boundaries.”

“Many transform faults 
are between sections 
of oceanic ridges...”

“...but some 
are on land.”

“Large earthquakes 
can happen along 
these faults, too. 

The San Andreas Fault 
along the coast of 

California is a strike-
slip fault and marks 

the boundary...”

“...between the North 
American and Pacific 

tectonic plates.”

San 
Francisco

North American Plate

Los Angeles

Pacific Plate

That was  
close. Time to 
get to class!

“The two plates 
grind past each 

other, rather than 
one sliding beneath 

the other as in 
subduction zones.”

20



...You’ll  
have exactly 
45 minutes 

to finish the 
test.

Looks 
like I just 

made it.

Don’t  
forget to 

write your name 
on all sheets,  

please.

All right,  
class, you can 
get started.

Subduction. 
I know what 

that is!

Tsunamis...

...plate 
tectonics...

...faults...

...mantle...

45 minutes later...

How did 
you do?

Not sure. But 
I feel pretty 

good.
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The next day...

I can’t  
wait to see 

what I got on 
the science 

test.

I’m starting 
to feel a little 

nervous.

Oh boy.

Great job, 
George!

Huh?

Wow! 
A perfect 

score!

I guess all 
that studying 

paid off.

Sure did!

The end!



Like Puzzle Pieces—Plate Tectonics
Ever notice how the east coast of South America looks like it would fit 
together pretty well with the west coast of Africa? Scientists, beginning 
in the late 1500s, noticed this too, along with some other puzzling dis-
coveries (like how ancient fossils of the same species would show up in 
two distant continents, with no explanation as to how a creature could 
have hopped across an entire ocean from one continent to another). 

But until the theory of plate tectonics came about, scientists didn’t 
have a good explanation for these observations. The rocky crust of the 
Earth seems so clearly solid, rigid, and stationary, it didn’t occur to 
observers that our planet’s surface could move so dramatically—though 
it takes millions or even billions of years. It wasn’t until the 1960s, 
with breakthroughs in studying the ocean floor, that the theory of plate 
tectonics had enough scientific evidence to catch on as an explanation 
for geological formations and events such as mountains, volcanoes, 
trenches, and earthquakes. 

23



So what are tectonic plates anyway? They’re interlocking pieces of 
the Earth’s surface, made up of the crust plus the upper portion of the 
mantle. The plates vary in thickness and composition, and they can 
contain two different types of crust: oceanic crust and continental crust. 
Oceanic crust tends to be denser and thinner than its continental coun-
terpart. The difference in density is due to the differing minerals that 
make up each crust. A single tectonic plate can contain both continental 
crust and oceanic crust. 

Seafloor Spreading and 
Other Wonders in the Ocean

What exactly was the evidence that led scientists to think that the 
Earth’s surface is composed of plates? Scientists studied ridges at 
the bottom of the ocean, often called mid-ocean ridges (although they 
are not necessarily in the “middle” of an ocean). Lava erupts at these 
oceanic ridges, and geologists found that the rocks closest to the ridge 
were younger than those farther away. 

This led scientists to think that the ridge wasn’t just a ridge—it was 
actually a boundary between two tectonic plates! This process by which 
oceanic crust is formed at the ridge and slowly pushes out as newer 
crust continues to form is called seafloor spreading. The term for this 
meeting of two tectonic plates is divergent boundary, a formation in 
which two plates move away from each other and new rock is created. 

Tectonic plates move slowly, at a speed ranging from 10 to 160 mm 
per year (about 1/2 inch to more than 6 inches per year). Over the course 
of millions of years, that distance adds up, and a piece of crust formed at 
a ridge can drift hundreds of kilometers (or hundreds of miles) away.

Geologists also make a special point to study oceanic trenches, deep 
chasms in the ocean floor created by tectonic plate motion at convergent 
boundaries (where plates move toward each other). At some convergent 
boundaries, we find a subduction zone, where one plate starts to bend 
down and slip below the other, creating a deep valley. These formations 
are the opposite of divergent boundaries—instead of new rock being 
created, rock is consumed as it enters the Earth’s hot mantle. Chains 
of volcanoes parallel every subduction zone on Earth, suggesting that 
subduction causes melting and the production of magma. 

The deepest and most famous oceanic trench is the Mariana Trench, 
located in the western Pacific Ocean just east of the Mariana Islands. 
It’s more than 10 km (6 miles) deep and 69 km (43 miles) wide. It is 
nearly three times the average depth of the seafloor, which suggests 
that the forces bending the plate are immense! 
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What About Those Magnets?
The Earth itself has a magnetic field (which is why the magnet in a 
compass needle points north). This magnetic field extends from the 
Earth’s core outward. Right now, magnetic north isn’t exactly true 
north—it’s a few degrees off and is continually changing over time 
because the motion of liquid metal in the Earth’s outer core generates 
the magnetic field. This type of magnetic field generation is called a 
geodynamo. 

At random intervals (averaging several hundred thousand years), 
the Earth’s magnetic field reverses (the north and south magnetic poles 
change places with each other). These reversals leave a record in cool-
ing rocks that allows geologists to calculate past motion of continents 
and ocean floors as a result of plate tectonics.

Scientists observe the record of geomagnetic field reversals on the 
ocean floor. Minerals in the “stripes” of new crust formed by seafloor 
spreading record the prevailing geomagnetic field direction at the time 
of their formation. The stripes on one side of the oceanic ridge are a 
mirror image of those on the other side. The magnetic variation in suc-
cessive bands of ocean floor that run parallel to oceanic ridges is impor-
tant evidence supporting the theory of plate tectonics.

Oceanic ridge

Lithosphere Magma

Seafloor spreading produces new crust at oceanic ridges. 
The “stripes” in the figure indicate segments of new crust 
that have the same magnetic polarity. The farther a rock is 

from the oceanic ridge, the older it is.
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Journey to  
the Center of the Earth

The crust is the familiar, rocky outer shell of the planet Earth. Under 
the oceans, it is typically 5 to 10 km (3 to 6 miles) thick and made up 
mostly of dense rock, which is rich in magnesium and iron. Continental 
crust is thicker, typically 30 to 45 km (18 to 28 miles) thick, but is made 
up of less dense rock, rich in silicon and aluminum. But what’s beneath 
this? Let’s take a look.

Beneath the crust lies the mantle, a rocky layer that makes up most 
of Earth’s volume (about 84 percent). The mantle can be divided further 
into the upper mantle and lower mantle. 

Within the upper mantle, there are several layers with different 
degrees of rigidity. At the very top is a solid layer of rock, which—along 
with the crust—forms the lithosphere. Below that is the asthenosphere, 
which is hotter and less rigid than the lithosphere. This second layer 
flows very slowly, causing the tectonic plates above it to move. Between 
the asthenosphere and the lower mantle is the transition zone. It is 
here that high pressures and high temperatures cause several key 
phase transitions to occur that transform olivine, the most abundant 
mineral in the upper mantle, into bridgmanite (magnesium silicate 
perovskite)—the most abundant mineral on Earth—and ferropericlase. 

Crust 0–80 km thick

Mantle

Outer core

Inner core

6,370 km

Lithosphere
(crust and upper-
most solid mantle)

Upper Mantle

Core
~4000–5000ºC

Asthenosphere

2,900 km

5,150 km

Simplified cross-section 
to scale

Detailed cross-section 
not to scale

660 km

Lower Mantle

Transition Zone
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Traveling even deeper, we find Earth’s core, which is the inner-
most part of our planet and made primarily of an iron-nickel alloy. 
The boundary between Earth’s mantle and core lies around 2900 km 
(1800 miles) beneath the Earth’s surface.

How can scientists tell that there’s a difference in material if they 
haven’t actually been there? They measure how fast seismic waves 
travel through the Earth. In the same way that light, which behaves 
like a wave, is refracted (bent) as it moves from air to water, seismic 
waves experience similar changes in direction and speed as they move 
from crust to mantle to core and back, and scientists can observe these 
changes. 

Path of seismic wave

New direction
of seismic wave

Less dense layer

Denser layer

Light wave

Air

Water

Ever notice how light waves bend as they travel between air and water? 
In the same way, a seismic wave is refracted as it moves through 

different mediums in Earth’s interior!
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There are many different kinds of seismic waves, but we’ll focus on 
two in particular that travel throughout the Earth. Because they pri-
marily move inside the Earth, and not on its surface, we call them body 
waves. The first are P-waves (primary waves), which travel through a 
material by alternately compressing and stretching it. 

P-waves are the fastest waves to emerge from an earthquake or 
seismic event. You can imagine them moving through the Earth with 
a motion similar to a Slinky!

S-waves (secondary or shear waves), on the other hand, move in a 
direction that is perpendicular to that of wave propagation (the direc-
tion the wave travels). S-waves are like waves in a flag, or the wave a 
guitar string makes when you pluck it.

S-waves involve a change in shape, while P-waves involve a change 
in volume. Because liquid cannot be sheared into a new shape, S-waves 
can’t travel through liquid, but P-waves can.

By observing the differing nature of these waves, scientists have 
been able to deduce that the outer core is liquid. P-waves travel right 
through the outer core, while S-waves don’t. The inner core is solid and 
begins about 5150 km (3200 miles) beneath the Earth’s surface. This 
innermost, hottest portion of the Earth is about 1220 km (760 miles) in 
radius, and both P- and S-waves travel through it.

P-waves are like a Slinky—a compression or longitudinal wave.  
Darker regions show where the material is more compressed.

S-waves move like waves in a flag. Scientists call this kind of wave a 
transverse wave because its motion is perpendicular (transverse) to 

wave propagation.
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The temperature of the Earth’s core is difficult to determine because 
there’s really no thermometer long enough to reach it or strong enough 
to withstand such high heat and crushing pressures. Instead, scientists 
infer its temperature through the use of sophisticated experiments 
and computations. Estimates for the core range from about 4,000°C to 
5,000°C. The hottest part of the inner core is about the same tempera-
ture as the surface of the Sun (which is the star’s coldest part).

Earthquakes, Volcanoes, 
and Tsunamis!

The boundaries of tectonic plates are responsible for much more than 
just ocean trenches and oceanic ridges. They’re also the cause of the 
most dramatic changes in Earth’s landscape, including earthquakes, 
volcanoes, and tsunamis. 

As a result of pressure, friction, and plate material melting in the 
mantle, earthquakes and volcanoes are common near convergent bound-
aries. In these areas, you’ll also find faults, which are planar fractures 
(or cracks) in the rocky crust where significant movement of the rock 
occurs along the fracture. Most earthquakes are caused by the rapid 
movement of plates on active faults at plate boundaries.

Because earthquakes can be so destructive, scientists make a spe-
cial effort to study them. The sudden release of energy during an earth-
quake sends seismic waves traveling through the Earth. Earthquakes 
are measured using seismometers, instruments that have the ability to 
measure ground motion generated by distant earthquakes and volcanic 
eruptions, as well as other activity, such as explosions. Records of seis-
mic waves allow seismologists to map the interior of the Earth, as well 
as locate earthquakes and measure their size. 

Earthquakes can happen close to the Earth’s surface or deep beneath 
it. All else being equal, the shallower an earthquake, the more damage it 
causes to human structures. 

The epicenter of an earthquake is the location on the surface of the 
Earth directly above the point where the earthquake originates or 
where the fault begins to rupture. Usually, the epicenter is also the 
area where the greatest damage occurs. The place within the Earth 
where the earthquake actually originates is called the focus. 

One fault familiar to many Americans is the San Andreas Fault, 
which runs through California. This is an example of a nearly vertical 
fault, where the rock on either side moves horizontally with very little 
vertical motion. It is called a strike-slip fault. Plate boundaries with this 
type of motion are also called transform boundaries. 
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Yet another name for them is conservative boundaries because no 
land is formed or consumed where the two plates meet. These faults, 
which are found all over the Earth, end abruptly by connecting to other 
faults, ridges, or subduction zones. Most transform faults are hidden 
from view on the ocean floor, where they form a series of short zigzags 
accommodating seafloor spreading. These transform faults relieve 
strain caused by stress in the rock due to the spreading ridges. But 
the best known (and most destructive) are those on land at the mar-
gins of tectonic plates. 

The aftereffects of an earthquake often cause more damage than the 
earthquake itself. In the case of the 1906 San Francisco earthquake, 
most of the damage to the city came from fires that started because the 
earthquake ruptured gas lines. The city survived the earthquake but 
was gutted by the fires that followed.

We measure the intensity of an earthquake using the moment 
magnitude scale, which ranges from 0 to nearly 10. With each 1-unit 
increase on the moment magnitude scale, the energy released by an 
earthquake increases about 32 times. That means an earthquake of 
magnitude 8 is about a thousand times stronger than one that’s magni-
tude 6. Every year, the Earth has more than a million light or moderate 
earthquakes that register below 6 on the moment magnitude scale.

Asthenosphere
Plate Direction

Transform Fault

Oceanic ridges
separate two tectonic plates

Lithosphere
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A tsunami is a series of huge, destructive waves in an ocean or large 
lake that is triggered by an earthquake or another major disturbance 
(like a landslide or a meteor impact—anything that displaces a lot of 
water very suddenly). The wavelength of a typical tsunami can be huge, 
reaching up to 200 km (120 miles) from one wave crest to the next. 
Out in the middle of the ocean, these enormous waves are so spread 
out that they might not look out of the ordinary, but once they reach 
shallow water near a shore, they rapidly become compressed, and their 
amplitude (height) spikes. In extreme cases, tsunami waves can grow 
to heights of more than 30 meters (almost 100 feet) as they reach the 
shore! 

The immense amount of water that a tsunami is capable of moving 
makes these events particularly destructive. Because of this danger, 
many areas that are vulnerable to tsunamis have warning systems 
in place to alert their citizens to move away from the water and find 
higher ground. These systems, when in place, can greatly minimize 
loss of life. Japan, due to its position above a subduction zone, has built 
sophisticated early earthquake and tsunami warning systems. While 
these alerts might not lessen damage or loss of life near the epicenter, 
they can warn those farther away. Because tsunamis can travel so far—
across oceans—to spots very distant from where they were first gener-
ated by an earthquake, warning systems are sometimes able to give 
many hours’ notice of an impending tsunami.

The fire after the 1906 San Francisco earthquake took four days to burn itself out 
and caused massive destruction. 

31



A volcano is an opening in the Earth’s crust that allows hot magma, 
volcanic ash, and gases to escape from below the surface. Volcanoes can 
drastically reshape the land, though they’re not always as dramatic as 
shown in movies and on TV. Some volcanoes work extremely slowly, 
without big explosions. 

Lava is the name of both the molten rock erupted by a volcano and 
the rock that has solidified and cooled. Inside the Earth, this same 
material is called magma. Besides containing molten rock, magma 
may also be composed of suspended crystals, dissolved gas, and some-
times gas bubbles. Magma often collects in magma chambers, which 
may feed a volcano or cool and turn into a pluton, a body of crystallized 
rock. Magma can intrude into adjacent rocks, extrude onto the surface 
as lava, and explode into the air as ejecta. Rocks that are formed from 
the cooling and solidification of lava or magma are called igneous rocks. 
Two very common types of igneous rocks are basalt and granite.

Volcanoes are commonly found at both divergent and convergent 
boundaries. Volcanism away from plate boundaries also occurs; this 
activity is due to hotspots. Well-known examples include Hawai’i and 
Yellowstone. Hotspots are thought to be thermal upwellings of abnor-
mally hot rock that start deep and rise through the Earth’s mantle 
before erupting at the surface. Volcanoes can also form a chain of 
islands situated above a subducting plate; this is called a volcanic 
island arc.

The Ring of Fire is an area surrounding the Pacific Ocean where a 
large number of earthquakes and volcanic eruptions occur. A horseshoe 
shape about 40,000 km (25,000 miles) long, this area is associated with 
a nearly continuous series of trenches, island arcs, and volcanism. The 
Ring of Fire is home to more than 75 percent of the world’s active and 
dormant volcanoes.

The 1980 eruption of Mount 
St. Helens is a dramatic 
example of volcanic activity. 
In this photo, ash and smoke 
billow from the mountain’s 
smoldering top.

Credit: U.S. Geological Survey
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What Do Geologists Do? 
Are there really adults who get paid to look at rocks all day? And what 
is it that geologists actually do? Geologists can take a number of differ-
ent career paths. 

You’ve already heard about the geologists who study earthquakes 
(seismologists) and volcanoes (volcanologists). These scientists try to 
find new ways to understand earthquakes and volcanic eruptions in 
order to protect human populations near active volcanoes or faults. 
They assess risks and make recommendations to people who live in 
hazardous areas.

There are also geologists who study the Earth to figure out its ancient 
history. Our planet’s past is a hugely fascinating mystery. Some geolo-
gists are drawn not only to this prehistoric drama but also to more recent 
history, like changes in Earth’s magnetic field, atmosphere, and climate. 
While there is no “written” history of how the Earth formed and has 
evolved over its more than 4.5 billion years, the rocks hold many clues 
to past events, climates, and organisms. By investigating ancient rocks, 
research geologists can sometimes find the keys to modern issues. 

There are also other scientists, like me, your author Dr. Lee, called 
geophysicists. I conduct experiments trying to reproduce the extreme 
conditions of the Earth’s interior to see how rocks behave, change, and 
deform under high pressures and temperatures. Other geophysicists 
run convection models to investigate how the Earth cools itself and how 
tectonic plates have moved over time.

Some geologists seek out the Earth’s natural resources. They work 
for mining or energy companies, locating and extracting the materials 
we use in our everyday lives. The aluminum in your soda pop can was 
originally aluminum ore found by a geologist. When you drive in a car, 
its motion is powered by gasoline, which is extracted 
from oil that forms deep underground. 

Some geologists work to prevent 
environmental damage—for example, 
during construction or logging of 
forests. Others focus on changes in 
Earth’s atmosphere and oceans 
and on preventing environmental 
damage due to climate change. 

And yet another subset uses 
their knowledge of the Earth to 
draw inferences about other plan-
ets within our solar system and  
beyond. 



Geology Activities!
Wondering how to put your newfound knowledge of geology into prac-
tice? Check out these websites. For a clickable list of the following links, 
visit http://www.nostarch.com/tectonicscomic.

Schoolyard Geology!
Geology is everywhere around you—you might be surprised at what 
you can find out if you take a closer look at the rocks in your day-to-day 
environment! Here are some activities to try in your schoolyard.

  http://education.usgs.gov/lessons/schoolyard/

Learn How Engineers Brace Buildings 
in Case of Earthquakes!
In this delicious classroom exercise, you’ll construct a building (made 
of toothpicks and marshmallows) to withstand an earthquake. You can 
even use Jell-O to simulate the shaking of the earthquake!

  http://www.teachengineering.org/view_activity.php?url= 
collection/cub_/activities/cub_natdis/cub_natdis_lesson03_
activity1.xml

Create Your Own Tsunami!
Wonder how those giant waves actually form out at sea? Make a mini-
tsunami all of your own. 

  http://mceer.buffalo.edu/infoservice/Education/
makeTsunamiDirections.asp

A Volcano Crisis Simulator!
In this simulation, your job is to become a volcanologist—to collect 
and interpret data that might hint at volcanic activity. Will there be 
an eruption in the near future? 

  http://www.dartmouth.edu/~renshaw/eruption/
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