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GEOLOGISTS KNOW A LOT ABOUT WHAT THE EARTH WAS
LIKE MILLIONS AND EVEN BILLIONS OF YEARS AGO.

BUT HOW DO THEY
LEARN THIS? Ugh! The
Prehistoritron
broke down.

How am | going
to get fo the
Paleocene?

I)HEERREEN"I' "\ \\ | don't know what
ANIMALS BACK S to do first:
THEN TAKING ‘ post this or run?
VIDEOS ON (N

THEIR PHONES \

THAT THE L

SCIENTISTS

CAN WATCH.

AND THERE
DEFINITELY
ARENT ANY [
GEOLOGISTS
WHO ARE THAT
OLD.

Did | ever tell
you kids about
the time | met a

trilobite?

INSTEAD,
GEOLOGISTS
HAVE DISCOVERED
ALOT ABOUT
EARTH'S ANCIENT
PAST BECAUSE
THEY HAVE \
LEARNED HOW TO
READ SOCKS.

l
|
)
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OH SORRY! I
MEANT ROCKS.

\ X0 ) L Za L Though we
A L 1\ | A YV also read

GEOLOGISTS YN A |24 \ T\ 7 V) A sediment!

HAVE LEARNED 50 ) ") N )5 Z U A )

TO READ ROCKS. = .

T

READING ROCKS AND SEDIMENT MAY SOUND AS GOOFY AS READING SOCKS...

.BUT THIS SKILL
HAS REVEALED
EARTH'S AMAZING
PAST TO US.
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The Earthquake Faults
Within Our Stars

IT'S NOT THAT THERE'S
ACTUAL WRITING ON
THE ROCKS.

BUT THERE IS ALOT OF
INFORMATION IN THE LAYERS, THE
MINERALS, AND ANY FOSSILS THAT
ARE IN THE ROCKS AND SEDIMENT,
THAT SCIENTISTS CAN LEARN FROM.




THE EARTH DOES NOT LACK FOR ROCKS. IT IS LITERALLY COVERED IN ROCK, THOUGH NOT
NECESSARILY THE KIND YOUR DAD LISTENS TO.

AN
v.v}‘le 2

BUT GETTING TO THE ROCKS IS NOT ALWAYS EASY.
MOST OF THE ROCK IS BURTED UNDERNEATH THINGS LIKE

THE INSIDE OF THE EARTH IS ALSO SOLID ROCK ALL
THE WAY TO THE CORE.* PLANTS, DIRT, AND FAST-FOOD RESTAURANTS.

McDougalls

Q Burger
President
s;/%é

Turnip Bell

*DESPITE WHAT YOU MAY HAVE
HEARD, THERE IS VERY LITTLE
LIQUID MAGMA DOWN THERE.
REALLY. -KEEN-EYED KEVIN

AND BY “MOST" I REALLY MEAN MOST! OVER 707% OF

THE EARTH'S SURFACE IS COVERED BY THE OCEAN. AND THAT'S

JUST THE
ROCK ON LAND.

MOST OF

THE ROCK ON
EARTH IS UNDER
THOUSANDS

OF FEET OF
OCEAN WATER.

Thousands of
feet of water

Hey Ocean! Quit
splashing me!




SO GETTING ROCKS TO
READ IS ACTUALLY KIND
OF CHALLENGING.

THEY'RE BURIED
UNDERGROUND, MOSTLY
UNDERWATER. AND YOU
CAN'T JUST READ ANY
OLD ROCK.

| know you like to
read rocks, so |
got you a rock.

|
/ % YOU NEED TO KNOW EXACTLY WHERE IT CAME FROM, HOW DEEP IT WAS,
W € WHAT DIRECTION EACH SIDE OF THE ROCK WAS FACING, AND MORE.

wrerp——5,000 £t

YOU'RE NOT GOING TO GET
THESE ROCKS AND ALL THE

| ——10,000 £t INFORMATION YOU NEED
WITH A SHOVEL. IF You
DON'T BELIEVE ME, SEE IF
YOU CAN TELL WHAT IS
WRONG WITH THIS PICTURE

15,000 £t

—~—20,000 £t




IT'S PITCH BLACK
DOWN THERE!/ SCIENTISTS AND

ENGINEERS HAVE
DEVELOPED DRILLS

AT THIS DEPTH, THE WATER THAT CAN CUT DOWN
PRESSURE WOULD CRUSH A PERSON. THROUGH SEDIMENT AND
ROCK TO REACH DEPTHS
THOUSANDS OF FEET
BELOW THE SURFACE,
AND SHIPS THAT CAN N
OPERATE THEM. "Q‘

N

PEOPLE CAN'T
BREATHE
UNDER WATER.

PEOPLE ARE
FLOATERS.

THE SEDIMENT ABOVE THE
SEAFLOOR ROCK CAN BE
HUNDREDS AND EVEN
THOUSANDS OF FEET THICK.

The JOIDES Resolution,

a scientific research
HAVE YOU EVER TRIED TO CUT AROCK WITH Ty U e

A SHOVEL? WELL, DONT! IT'S A BAD IDEA.

“\\“\mlﬂlllhllnlI\ﬁ“ﬂ\l\“liii':“““‘““““m

LT m manauii

From (2,000
feet below the
ocean surface.




THE DRILL BIT IT'S KIND OF LIKE A

AT THE BOTTOM DONUT THAT CAN GRIND

OF THE DRILL THROUGH ROCK.

PIPE HAS ABIG

HOLE IN THE

MIDDLE OF IT. e
SEDIMENT AND
ROCKINTHE
MIDDLE OF THE
DRILL BIT
GOES THROUGH
THE HOLE INTO
A TUBE INSIDE
THE HOLLOW
DRILL PIPE.

Tungsten Carbide Ponut
with Diamond Sprinkles
(shown right side up)

THE ROCK AND SEDIMENT THAT
FILL THE CENTER OF THE DRILL
ARE CALLED CORES.

ALSO CORES, BUT
NOT THE KIND WERE
TALKING ABOUT.

AS SOON AS A CORE IS BROUGHT
TO THE SURFACE. SCIENTISTS
PUT ALABEL ON IT.

THE LABEL THEY PUT ON THE CORES TELLS THEM EXACTLY
WHERE ON EARTH THE CORE WAS DRILLED, HOW DEEP IT WAS
DRILLED, WHERE IT FITS IN RELATIVE TO THE OTHER
CORES THAT ARE ABOVE AND BELOW TIT.

Expedition Number

329 U1361F
2R 3 W

Core
Section

NOT LIKE THAT!




YES, IT DOES LOOK

KIND OF LIKE A /A
NEW SIDEWALK
FILLED WITH
WET CONCRETE
POLRED BY

THIS SOMEONEWHO w WP

ATTENTION DIDN'T KNOW
TO DETAIL IS WHAT THEY

NECESSARY FOR WERE DOING.
SCIENTISTS
TO LEARN
THE AMAZING
THINGS ,
THEY Today we're
VER going to learn
how fo pour
concrete...

e

FOR INSTANCE,

TAKE ALOOK THIS CORE MAY NOT ..MAKE A SNAP ..AND THEN THEY GO PLAY
AT THIS CORE LOOK THAT EXCITING., JUDGEMENT VIDEO GAMES.

OF SEDIMENT BUT SCIENTISTS DON'T ABOUT IT..

THAT WAS JUST GLANCE AT A CORE...
DRILLED BY

THE JOIDES
RESOLUTION.

2
S
3
Q
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2
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3 INCHES (76 CM) WIDE




FOR EXAMPLE, SCIENTISTS FOUND LITTLE
BITS OF WOOD IN THIS SEDIMENT CORE.

BUT THIS
CORE WAS
DRILLED
ABOUT 180
MILES (290
KILOMETERS)
FROM LAND.

Pacific Ocean

Avrrr!! Thar be
termites aboard.

kKeelhaul

YOU MIGHT EXPECT TO SEE WOOD IN A CORE IF IT WAS
DRILLED RIGHT NEAR A COASTAL FOREST OR IF MARINE
TERMITES DESTROYED A PIRATE SHIP RIGHT OVER IT..*

*THERE'S NO SUCH THING AS MARINE
TERMITES. - KING-SIZED KEVIN

Escanaba
Trough

Rising Magma

NOT TO MENTION THE WOOD WAS BURIED ABOUT 200 FEET (60 METERS) BELOW THE SEAFLOOR.

Hey Clam! Would you
bury this stick 200 feet
below the seafloor?

That ain't happening
Anglerfish. | could go
two feet below the
seafloor, though.

SO FINDING WOOD THERE IS
PRETTY WEIRD. BUT THERE
WERE OTHER THINGS THAT WERE
UNUSUAL ABOUT THIS CORE.




THE CORE WAS
PART OF A MUCH -

T 1+
LARGER LAYER Here's where the [ |
OF SAND UNDER ™1 cove used tobe | |
THE SEAFLOOR.

Hold on! This is,

Gevrtie, the narrator's
cat.

— Yes, you heard Yigh'f.

P ——) I'm a cat.
L ]
y

've heard a lot about
ocean covres over the

years, and | think
there is some stuff

IN THIS LAYER, you should know about

THE TINIEST the layers in the

SAND GRAINS... seafloor before we
start talking about
sand grains.

RANGES FROM 6 TO
60 MILES (10 TO 100
KILOMETERS) THICK

SRS
RSN
rock under the

seafloor aren't one
solid piece of
sameness.

T e\
The sediments and

Anywhere you drill, there are going
to be layers. BEach layer has things
that make it different from the
layers above and beneath it.




you
PARTICULARLY
SEE THIS IN
SEDIMENT.

FOR EXAMPLE,
LOOK AT THIS
CORE DRILLED
BY THE JOIDES
RESOLUTION
DURING
EXPEDITION
363 INTHE
PACIFIC. NORTH
OF PAPUA NEW
GUINEA.

Covre

THOSE STRIPES ARE LAYERS. THE
|| LAYERS DON'T JUST EXIST IN =
|| THE CORE. THEY EXTEND INTO -

THE SEAFLOOR AROUND IT.

NOTICE THIS CORE LOOKS KIND OF LIKE A BIRCH TREE
OR AN ASPEN TREE. OR MY BROTHER MAYNARD'S BACK.

THESE LAYERS ARE FORMED BY THE
STUFF THAT IS CONSTANTLY DRIFTING
DOWN THROUGH THE OCEAN TO PILE-
UP ON THE SEAFLOOR.

THIS STUFF CAN BE MADE OF A VARIETY
OF THINGS. WHAT YOU SEE DEPENDS ON
WHERE AND WHEN YOU ARE IN THE OCEAN.

IN THE MIDDLE OF THE OCEAN, MOST OF THE
SEDIMENT COMES FROM THE SHELLS OF LIVING
THINGS, THOUGH NOT THE KIND OF SHELLS THAT
MAKE TOURISTS BREAK OUT IN FISTFIGHTS.

THE TINY SHELLS IN
OCEAN SEDIMENT
LAYERS COME FROM
TINY SINGLE-CELLED
PLANKTON DRIFTING
THROUGHOUT THE
WATER COLUMN.

SCALE TO SHOW YOU THAT
THESE SHELLS REALLY ARE TINY.




SEDIMENT LAYERS NEAR LAND ARE MORE LIKELY
SOME SEDIMENT LAYERS CAN
TO HAVE LITTLE BITS OF ROCK AND MUD IN THEM, ZUEN BE MADE OF Ao PROM
LIKE THE SAND GRAIN IN THE LAST PANEL. VOLCANIC ERLPTIONS.

Last one to the
~

- | bottom of the
ocean is a rotten
90 uM (MICRONS IN DIAMETER thunderegg!

This sand grain was knocked off a land rock
and carried to the ocean by wind and water.

The same stuff doesn't
keep falling in the same
place forever, because our
planet keeps changing in
multiple ways.

1

Position in relationship
1o the Sun.

Earthguakes

Living things
doing stuff.

And more!




> o

A 10000 YEARS OF FORAM SHELL
ACCUMULATION

———MM

e

C. THEN, AFTER THE ASH HAD
ALL FALLEN, FORAM SHELLS

seafloor for thousands of years.

Because changes like these keep happening,
the layers under the seafloor change too.
One layer may have been created when the
ocean here was filled with fons of
foraminifera. Their shells kept covering the

B.BUT THEN A BIG VOLCANIC
ERUPTION HAPPENED NEARBY,
AND LOTS OF VOLCANIC ASH
COVERED THE SEAFLOOR.

Goodbye

cruel world! 6 O
5

-
CONTINUED TO FALL TO THE S %3\
SEAFLOOR FOR MANY MORE. . TN
CENTURIES. oL

. ( (R 7 s S
Ut - O
W
D THEN SOMETHING HAPPENS THAT
CHANGED THE OCEAN ENVIRONMENT.
MOST FORAMS cOULD NO LONGER
SURVIVE IN THESE NEW
CONDITIONS, BUT DIATOMS WERE
ABLE TO THRIVE. THEY DROPPED
THEIR GLASSY SHELLS THERE FOR

Sm THOUSANDS OF YEARS.

e=——— -

=

E. AND SO ON.
e ———————|
===
FAND SO ON.

BECAUSE NEW SEDIMENT FALLS ON OLDER
SEDIMENT, THE TOP LAYER TENDS TO BE THE
YOUNGEST. AND THE DEEPER YOU GO, THE
FARTHER BACK IN TIME THE LAYER WAS MADE.




LA gy

EACHLAYER IS
TELLING US A
LITTLEBIT
ABOUT THE
HISTORY OF
THE OCEAN.

When | was a kid,
we didn't have
these fancy
marine mammals.

We had
mosasaurs!

You can think of drilling through the
seafloor as being kind of like peeling
back the wallpaper at your
Great-Grandma's house.*

Each layer of wallpaper was put there
at an earlier point in time than the
And if wallpaper above it. By studying these
mosasaurs were f ! (agers, you ge‘l’ insighf info what

\ people thought looked good at the

good enough for :
us, they should ’ time it was put theve.

be good enough
for you young
sediment layers.
*DON'T ACTUALLY PEEL BACK THE WALLPAPER
AT YOUR GREAT-GRANDMA'S HOUSE. -
KINDHEARTED KEVIN




So, if you can remember six pages
back when the narrator guy who |
live with was talking about that
layer with the wood in it, keep in

mind that sediment layer above it is N4
younger and the layer below it is
older.

Got it? All right, Vll let him start
talking again then. Bye!

And remember, cats rule, dogs drool.

IN THIS LAYER. THE o
TINIEST SAND GRAINS %
WERE AT THE TOP, g

CLOSEST TO THE :
SEAFLOOR, o

AND THE BIGGEST
SAND GRAINS WERE
THE DEEPEST.

—

IN THIS LAYER.
THE TINIEST SAND
GRAINS WERE...

—_—

About 135 feet (4l meters) below the seafloor |
\

THE FACT THAT THEY WERE SORTED FROM TINIEST
TO BIGGEST COULD BE EVIDENCE THAT SOMETHING
DRAMAT IC HAPPENED HERE.*

“Forameo.
Forameo.
Whevefore
art thou,
Formaeo?”

*DRAMATIC NOT IN THE SENSE THAT THESE SAND GRAINS
PERFORMED ROMEO AND JULIET, BUT THAT SOMETHING
HAPPENED QUICKLY AND KIND OF VIOLENTLY. KINETIC KEVIN

TO UNDERSTAND WHY, LET'S
TALK ABOUT GALILEI
GALILEO FOR A MINUTE.

Hi, Um scientist
Galilei Galileo.

17



ACCORDING TO AN EARLY BIOGRAPHER, GALILEO ONCE WENT
TO THE TOP OF THE LEANING TOWER OF PISA AND DROPPED A
HEAVY BALL AND ANOT-SO-HEAVY BALL FROM IT.

Look out,
tourists!

'm about to drop
some science

16TH CENTURY SELFIE

GALILEO WASN'T THE FIRST PERSON TO DEMONSTRATE THIS
HAPPENS, BUT HE WAS THE FIRST PERSON TO FIGURE OUT THE
MATHEMATICAL EQUATIONS THAT EXPLAIN WHY THIS HAPPENS.

a=lizgt’

THEREFORE

1= sartlza/g)

HE DID THIS TO
DEMONSTRATE THAT,
UNDER THE RIGHT
CONDITIONS, TWO
OBJECTS OF VERY
DIFFERENT WEIGHTS
WOULD ACCELERATE
AT THE SAME SPEED
AND HIT THE GROUND
AT THE SAME TIME.

" HIS EQUATTION PREDICTS THAT A

CANNONBALL AND A FEATHER DROPPED
IN A VACUUM WOULD HIT THE GROUND
AT THE SAME TIME.

I'm stuck in a
vacuum cleaner
with a cannonball
and a feather!

NOT THAT KIND
OF VACUUM! A
VACUUM IS A
SPACE THAT HAS
NOTHING IN IT.

No
molecules.
No atoms.
No nothing.




BECAUSE THE MOON BARELY HAS AN

ATMOSPHERE, ITS SURFACE IS ALMOST A IF YOU DROP A HAMMER AND A FEATHER ON EARTH, THOUGH, THE HAMMER
VACUUM. WHEN ASTRONAUT DAVID SCOTT PLUMMETS TO THE GROUND WHILE THE FEATHER GENTLY DRIFTS DOWNWARDS.

WAS THERE, HE DEMONSTRATED GALILEO
WAS RIGHT

Top that,
Galileo!

(EXCEPT HE
USED A HAMMER
AND A FEATHER).

EVEN THOUGH
IT'S FALLING
THROUGH
GAZILLIONS OF
AIR MOLECULES,
THE HEAVY
HAMMER EASILY
KNOCKS THEM
OUT OF THE WAY.

About 25
sextillion air
molecules in

there

THIS IS BECAUSE THE EARTH'S ATMOSPHERE
IS FAR FROM BEING A VACUUM. THERE ARE SO
MANY AIR MOLECULES IN THE ATMOSPHERE
THAT YOU INHALE ABOUT 25 SEXTILLION
AIR MOLECULES EVERY TIME YOU BREATHE.

BUT THE AIR MOLECULES
SLOW DOWN THE
LIGHTWEIGHT FEATHER.




JUST IN CASE
YOU DIDN'T KNOW,
THESE ARE WATER

MOLECULES IN

YOU MAY HAVE EXPERIENCED THIS YOURSELF IF YOU HAVE EVER TRIED TO HAVE A
FOOTRACE IN APOOL. IT'S A LOT HARDER TO RUN THROUGH WATER THAN AIR.

It's a new world
recovrd for the
|I00-meter dash
in a pool.

47 seconds!!

/\
/[

S0, IMAGINE WHAT IT'S LIKE FOR SAND
GRAINS. DROP A BUNCH OF SAND GRAINS
IN WATER AND THEY ALL TRAVEL ALOT

SLOWER THAN A HAMMER OR A SPRINTER.

20

BUT THEY DONT ALL TRAVEL AT THE
SAME SPEED. THE BIGGEST ONES SINK
FASTEST THROUGH THE WATER AND
THE SMALLEST ONES ARE SLOWEST.

Hey! Wait Lp!
Wait Upppppp!




IF THE SAND GRAINS ARE
DEPOSITED GRADUALLY OVER
A LONG PERTIOD OF TIME,
THESE GRAIN SIZES WOULD

‘ ALL BE MIXED UP,

Gradually-
Deposited

Sediment
Snack Mix

LIKE STORE- BOUGHT
SNACK MIX.

THIS IS BECAUSE A LARGE
SAND GRAIN THAT STARTED
SINKING FIVE HOURS AGO
CAN REACH THE SEAFLOOR AT
THE SAME TIME AS A SMALLER
SAND GRAIN THAT STARTED
SINKING FIVE DAYS AGO.

Next time you're not
getting a lI5-hour
head start!

BUT IF A WHOLE
BUNCH OF SAND
GRAINS ENTER
THE OCEAN ALL
AT THE EXACT
SAME TIME,

THE WATER
SORTS THEM
SO THAT THE
BIGGEST ONE
SINK FASTEST.

a w—

WHEN THESE
GRAINS REACH
THE SEAFLOOR, A
LAYER FORMS
WHERE THE
GRAIN SIZES
GET SMALLER
AS YOU GO
FROMBOTTOM
TO THE TOP.

THE FACT THAT THIS LAYER IS ABOUT 65 FEET (20 METERS) THICK AND COVERS AN ENTIRE UNDERWATER VALLEY
INDICATES THAT LITERALLY TONS AND TONS (AND TONS!) OF SAND SHOWED UP ALL AT ONCE.

THIS CORE
CAME FROM
A LAYER

LIKE THAT.

AND IT WAS NOT
THE ONLY LAYER
LIKE THIS! OTHER
CORES DRILLED AT
THE SAME SITE
REVEALED THERE
WERE OTHER

LAYERS ABOVE AND
BELOW THIS ONE
WHERE THE SAND
WAS ALSO SORTED
BIGGEST TO
LITTLEST.

IT'S ANOTHER INDICATION SOMETHING He means that
FISHY IS GOING ON HERE. metaphorically. We had

nothing to do with it.




SO THE SAND
SHOWED UP ALL AT
ONCE, BUT WHERE
DID IT COME FROM?

/Y

ONCE AGAIN.
THE ANSWER
WAS FOUND BY
READING THE
CORES. BUT
THIS TIME,
THEY WERE
READING THE
INGREDIENTS
OF THE SAND
GRAINS.

*UNFORTUNATELY, IMNOT GOING TO
CHECK ALL THE WORLD'S SAND GRAINS TO
MAKE SURE THIS IS 1007% ACCURATE.
KIND-OF-GUESSING KEVIN *

THIS IS BECAUSE OF THE
WAY SAND GRAINS ARE MADE.

Welcome to
GRANZ

Purveyors of
Avrtisanal sand |




' THE BITS OF ROCK
BECOME THE SAND.

THE SAND INGREDIENTS
MATCH THE ROCKS THEY
CAME FROM.

THE MOST COMMON
| CHEMICAL COMPOLIND
IN EARTHS CRUST IS
SILICON DIOXIDE
(AKA Si0,, AKA
SILICA)

ONE EXAMPLE OF
PURE SILICA IS
QUARTZ, BUT Si0, IS
ALSO A PART OF MANY
OTHER MINERALS
AND NEARLY ALL
EARTHS ROCKS!

Who'd a thunk it!

The smaller
version of
something is
made of the same
stuff as the
bigger version of
something!

DIFFERENT KINDS OF ROCKS ACTUALLY HAVE MANY OF THE SAME INGREDIENTS,
JUST NOT IN THE SAME PROPORTIONS.

So that's how you make
granite. Now V'll show you
how fo make some gabbro.

BUT HOW MUCH DEPENDS ON THE TYPE OF ROCK. GRANITES TYPICALLY HAVE ABOUT
737% SILICON DIOXIDE IN THEM WHILE BASALTS HAVE ABOUT 53% SILICON
DIOXIDE IN THEM




THE SAND GRAINS THAT WEAR OFF THE ROCKS
ROCKS IN DIFFERENT PLACES CAN ALSO HAVE IN RUMNEY WILL ALSO HAVE MORE MICA THAN

oyl %%UEN;&S{&EQE;i%: sl THE SAND GRAINS FROM BUTLER. BECAUSE THE |
SAND MATCHES THE ROCKS' INGREDIENTS, IT

TOWNS THAT HAVE NOTHING TO DO WITH THIS STORY. BECOMES A FINGERPRINT FOR THE AREA. |

YOU WILL FIND MORE MICA* IN THE

ROCKS OF RUMNEY, NEW HAMPSHIRE

THAN YOU WILL IN THE ROCKS

OF BUTLER, PENNSYLVANIA Hmm...no-f so
‘ much mica

Butler, PA:
Not so much mica [/

. Rumney, NH:
MICA IS THE MINERAL Lots of mica

YOU CAN SLICE INTO
THIN. SOMETIMES
SEE-THROUGH, PIECES.
KNOWLEDGEABLE KNEVIN

The Butler town did it!

AND IF THAT SAND
TRAVELS ALONG
DISTANCE. THE SAND'S
INGREDIENTS CAN BE
USED TO DETERMINE
WHERE THE SAND
ORIGINALLY CAME FROM.

SO, THE SAND AND OTHER SEDIMENT IN THE
CORE CONTAINED THE FINGERPRINT OF WHERE
IT CAME FROM THE GEOLOGISTS JUST
NEEDED TO MATCH IT TO THE RIGHT PLACE.

THE GEOLOGISTS ALREADY KNEW THE
SEDIMENT IN THE CORE LIKELY CAME
FROM LAND, BECAUSE. IF YOU REMEMBER
PAGE 11 IT HAD WOOD MIXED IN IT.

\#




THEY ALSO KNEW Bon \oyage,
THAT SAND DOES sand!
NOT COME IN MASS
QUANTITIES FROM
FARAWAY PLACES
LIKE JAPAN OR
ALASKA OR ECUADOR,

BECAUSE SAND
DOESNT, LIKE.
CHARTER BOATS.

THE CORE SEDIMENT ALSO CONTAINED A LOT
OF MINERALS THAT COME FROM VOLCANIC :

ROCKS. SINCE OREGON AND WASHINGTON ARE . el e
PRETTY MUCH COVERED IN VOLCANIC ROCKS, 1 ¢ 42% A ibole
THEY WERE LIKELY SUSPECTS. - v

KEY
() Volcanic Rock

Glacial Prift
Basalts (Also
Volcanic Rock)

Volcanic %
Sedimentary Rock

THE GEOLOGISTS LOOKED CLOSELY AT THE SANDS AND ROCKS OF
DIFFERENT PARTS OF BOTH STATES. THEY FOUND THE SAND
FINGERPRINT IN THE CORE MATCHED THE SAND AND ROCK IN THE
COLUMBTA GORGE.

THECOLUMBIA GORGE 19.0N THE EORDER OF OREGON AND 50, THE CORES HAD TOLD WHERE THE SAND CAME FROM. THEY

85 Mo e A T EmtAah ToOLGH PROVIDED EVIDENCE THAT THE SAND LAME PRETTY QUICKLY.
' THE QUESTION NOW IS, WHEN DID IT HAPPEN?

And who are

Sediment may have you wearing,
gone this way. . Core?

Columbia Gorge

Or sediment may have gone that
way. Scientists aren't sure yet.




THE ANSWER TO THIS WAS IN THE CORES TOO. THESE CORES CONTAINED THE REMAINS OF LIVING THINGS,
AND THE REMAINS OF LIVING THINGS (LIKE THAT PIECE OF WOOD) CAN BE LIKE RADIOACTIVE STOPWATCHES.

*bone

*twig

*pinecone

THE VAST (5

MAJORITY OF THE 6 orot
CARBON IN LIVING .
THINGS IS A TYPE ARG,

CALLED CARBON* @‘9“’ 3 !

WHICH ISNT ) (=) ..oﬁo (5 ()

RADIOACTIVE. 90N
Carbon" ()

e

BUT THERE (5
ALSO WILL BE

_ ATINY BIT OF 6 protons
4 L CARBON“IN ©0C
contains . LIVING \'QIOIG;)
carbon contains | THINGS TOO. o6 0001 & o

000
| —— O
THIS IS BECAUSE ALL LIVING THINGS
CONTAIN THE ELEMENT CARBON. AND SO DO prfrecnd : 6 electons r—
Carbon" (-)

THEIR DEAD REMAINS.

CARBON" IS CONSIDERED UNSTABLE BECAUSE IT CAN SUDDENLY GIVE OFF A BURST OF RADIATION
AND THEN TRANSFORM INTO A NITROGEN"“ ATOM.

26



| THIS ISN'T A TRANSFORMATION THAT HAPPENS AT A SET
TIME, LIKE WHEN YOU TURN INTO A WEREWOLF.

Five seconds left
until midnight, which
means \'m going fo
turn into a werewolf

BUT YOU CAN PREDICT THAT ALMOST ALL
THE KERNELS WILL TRANSFORM INTO
FLUFFY POPCORN WITHIN FOUR MINUTES. _

BUT YOU CAN PREDICT HOW LONG IT
WILL TAKE HALF OF THE CARBON"
ATOMS TO TRANSFORM.

IT'S MORE LIKE THE TRANSFORMATION OF CORN KERNELS INTO
POPCORN. WHEN YOU COOK POPCORN KERNELS, YOU CANT PREDICT
WHEN EACH INDIVIDUAL KERNEL IS GOING TO TRANSFORM.

You will
change...Now! | mean now!

YOU ALSO CANT PREDICT WHEN ONE CARBON™ ATOM IS GOING
TO HAVE ITS RADIOACTIVE METAMORPHOSTS.

You will
hange...Now!

| mean now!




SCIENTISTS HAVE DETERMINED
THAT THE HALF-LIFE OF CARBON™
ATOMS IS 5730 YEARS.

THIS MEANS, IF YOU HAVE A BUNCH
OF CARBON"ATOMS, HALF OF THEM

WILL TURN INTO NITROGEN"
ATOMS WITHIN 5730 YEARS.

THEN OVER THE NEXT 5730
YEARS, HALF THE REMAINING
CARBON“ ATOMS BECOME
NITROGEN* ATOMS (BECAUSE
YOU WENT THROLIGH
ANOTHER HALF-LIFE)

THE REMAINING CARBON" AT OMS KEEP
DECAYING AND GOING THROUGH
HALF-LIVES. AFTER 10 HALF-LIVES (57300
YEARS) THE CARBON*“ ATOMS ARE JUST
ABOUT GONE. SO YOU CAN'T CARBON-DATE
ANYTHING THAT OLD. THERE JUST ARENT

500 Ni'h’oger\"' atoms

ENOUGH CARBON ATOMS LEFT.

5,720 years later

I,460 years later

57,300 years later

BECAUSE CARBON™ ATOMS

DECAY IN THIS PREDICTABLE
WAY, WHEN YOU HAVE THE

REMAINS OF LIVING THINGS
IN YOUR CORES, THEY ACT
LIKE RADIOACTIVE
STOPWAT CHES.

SCIENTISTS USE SUPER SENSITIVE
EQUIPMENT TO COUNT THE CARBON
ATOMS THAT ARE LEFT IN THE
REMAINS OF LIVING THINGS.

Accelerator Mass
Spectrometer

THEY CAN THEN PLUG THE NUMBERS OF ATOMS INTO A FANCY MATH FORMULA THAT
WILL TELL THEM WHEN THE CARBON" ATOMS STARTED DECAYING.

Fancy Math
Formula

*I'D EXPLAIN WHAT THIS ALL MEANS, BUT I ONLY HAVE FIVE PAGES LEFT IN
THIS ISSUE AND OTHER THINGS I NEED TO TELL YOU. PLUS, WHAT DO YOU
THINK I DO? WRITE COMICS ALL DAY? - KNACKERED KEVIN

28



THIS PROCESS, CALLED RADIOCARBON DATING. REVEALED THE SEDIMENTS IN THESE CORES WERE DEPOSITED BETWEEN

10000 AND 15000 YEARS AGO.

Sediment deposited in
Escanaba Trough

Pyramids of Giza built

First fortification of Great ) Machu .
Wall of China built Picchu built

G_

10,000-15,000

years ago

lce sheet during last ice age

4,500
years ago

THE WORLD WAS VERY DIFFERENT 15000 YEARS
AGO. IF YOU LIVE IN A PLACE THAT HAS LONG,
SNOWY WINTERS, THEN THERE IS A GOOD CHANCE
YOUR TOWN WAS UNDER HUNDREDS OR EVEN
THOUSANDS OF FEET OF ICE BACK THEN.

Ten story
apartment
You (i.e 2 story cemplex
a kid) house =
—

Statue of
Liberty

I | t

2,700 600
years ago

S -

years ago

Willis
Tower

Space
Needle

e

THE POLES.

Ty

THAT'S BECAUSE THE WORLD THEN WAS IN
AN ICE AGE. AN ICE AGE IS ALONG
PERIOD IN EARTHS HISTORY WHEN THE
SURFACE TEMPERATURE IS SO COLD THAT
HUGE SHEETS OF ICE SPREAD OUT FROM

North Pole

YEARS AGO.

4.~\
<

7/

THE MOST RECENT ICE AGE STARTED ABOUT
26 MILLION YEARS AGO AND REACHED ITS
COLDEST, ICIEST PEAK ABOUT 20000

South Pole

A\l /]

This is what your ancestors may
have been doing 20,000 years ago

AFTER THAT, THINGS STARTED WARMING
UP AND KEPT WARMING FOR ABOUT 10000
YEARS. AS YOU PROBABLY ALREADY KNOW,
WARMING AIR MAKES SNOW AND ICE MELT.
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WHEN ICE SHEETS THAT COVER ENTIRE COUNTRIES MELT,
A LOT OF EXTRA WATER STARTS FLOWING TO THE OCEAN.

Meltwater River

EVEN THOUGH
THERE LITERALLY
WERE GIANT
BEAVERS ALIVE
BACK THEN, THEY
WERENT THE
PROBLEM.

THE THING
BLOCKING WATER
DURING AN ICE AGE
WAS... SEE IF YOU
CAN GUESS IT...

THE MELTWATER KEPT COMING AND THE DAM KEPT BLOCKING IT,
WHICH CREATED A HUGE LAKE OVER ZOO MILES LONG. WE NAMED

IT LAKE MISSOULA.

lce Dam

Lake
Missoula

THAT IS
UNLESS
SOMETHING
BLOCKS
ITS WAY

We're giant beavers!
We're supposed to
be giantly busy.

Fine. We'll dam this river
of glacial meltwater.

.ICE! EVEN THOUGH THE ICE SHEET WAS MELTING, IT DID NOT
MELT ALL AT ONCE. IN SOME PLACES, LIKE WHAT IS TODAY
CLARK FORD. IDAHO IN THE BITTERROOT MOUNTAINS. THICK
TICE REMAINED TO BLOCK THE FLOW OF WATER.

AT ITS BIGGEST SIZE,
LAKE MISSOULA CONTAINED
ABOUT 600 CUBIC MILES
(2500 CUBIC KILOMETERS)
OF WATER.

THAT'S THE AMOUNT
OF WATER IT WOULD
TAKE TO FILL
83 TRILLION
BATHTUBS.




WHEN THE WATER IN LAKE MISSOULA GOT REALLY DEEP. THERE WAS ENOUGH

THE LAKE WAS ONLY WATER TO MAKE THE ICE DAM FLOAT.

TEMPORARY. THOUGH,
BECAUSE OF
SOMETHING WEIRD
ABOUT WATER.

WATER IS ONE OF THE
ONLY SUBSTANCES
WHOSE SOLID STATE
(ICE) FLOATS ON ITS
LIQUID STATE (WATER)

THE LAKE WATER SURGED UNDER THE GLACTIER WITH SO MUCH POWER, IT
SMASHED THE ICE DAM TO PIECES*

*THIS IS PROBABLY WHAT HAPPENED TO THE LAKE MISSOULA ICE DAM,

BUT THERE ARE OTHER WAYS GLACIAL FLOODS, AKA JOKULHLAUPS, CAN

THE GLACIAL
FLOOD WAS
HUNDREDS OF
FEET HIGH AND
TRAVELED AT
SPEEDS OF 65
MILES (105
KILOMETERS)
PER HOUR
ACROSS IDAHO
AND WASHINGTON,

AND THEN
FOLLOWED THE
COLUMBIA GORGE
TO THE PACIFIC.

o

AS IT TRAVELED,
IT CARVED UP
THE LANDSCAPE
AND CARRIED
HUGE AMOUNTS
OF SEDIMENT.

THE CANYONS
AND COULEES
IT CREATED CAN
STILL BE SEEN
TODAY.

HAPPEN. - KNEE-KNOCKING KEVIN

lce dam
was here

600 CUBIC MILES
(2500 cuBIC
KILOMETERS) OF
LAKE WATER
RUSHED OUT.

LIKE &7 TRILLION
OF YOUR
STRONGEST
FRIENDS DUMPING
67 TRILLION
BATHTUBS OF
WATER DOWN THE
WORLD'S BIGGEST
WATERSLIDE AT
THE SAME TIME.
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WHEN THE FLOOD REACHED THE
PACIFIC. IT HAD ENOUGH POWER TO
KEEP FLOWING FOR HUNDREDS OF
MILES, THOUGH THE CHANNELS AND
MOUNTAINS UNDERWATER CAUSED
THE FLOOD TO MAKE A SHARP LEFT
TURN AND HEAD SOUTH TO THE
ESCANABA TROUGH.

Escanaba

Trough

THERE IT PETERED OUT ENOLIGH TO AND THIS WASN'T A ONE-TIME DEAL. THERE WAS
MORE THAN ONE LAYER IN THE ESCANABA TROUGH
DUMP A BUNCH OF ITS SEDIMENT ALL A o0 By HLICE BLACTAL FLotbs
AT ONCE AND CREATED THE LAYER IN ¢ HUGE GLAC -
THE SEAFLOOR WHERE THE CORES

CAME FROM.

It's a beautiful
- location with a
C lovely view of
5 the mountains.
The only problem
Y is there's a
chance you may
be buried under
thousands of
tons of sediment.

Ehhh. Natural
disasters only
happer\ fo
other vampire
squid.

2\ We'll take it!

IT WAS STILL COLD ENOUGH THAT THE ICE DAM WOULD REFORM, LAKE MISSOULA WOULD REFILL.
AND THEN THE DAM WOULD REBREAK, AND A FLOOD WOULD HAPPEN AGAIN. AND AGAIN. AND AGAIN.

HOW To cAuse
MULTIPLE MASSIVE

FLOODS IN
3 EASY STEPS

Ancient Shorelines




THESE CORES CAME FROM JUST ONE OF THE PLACES WHERE THE INTERNATIONAL OCEAN DISCOVERY PROGRAM'S -
RESEARCH SHIPS HAVE DRILLED THE SEAFLOOR.

NORTH
AMERICA

+ + + + — + + + +
OCEAN These dots
aren't even -
all the drill
i + o + i+ + + + i+ sites!
|
Ex + + + + . . = = i |
—\/— all}

AND THE CORES DON'T JUST
TELL STORIES ABOUT GLACTAL
FLOODS. THEY HAVE REVEALED
STORIES ABOUT...

PAST CLIMATE CHANGE.

ls it just me,
or has it

been getting
warmevr?

S
A
NEINN|

| decided fo vun. N VA 30

AND MORE!

WILL GERTIE THE

NARRATORS CAT MAKE AN IF YOU STOOD IN ONE PLACE
APPEARANCE, OR HAS FAME
GONE TO HER HEAD? ON THE SEAFLOOR FOR A
LONG TIME. cOULD YOU
TRAVEL HUNDREDS OF MILES?

ARE TSUNAMIS
CAUSED BY THE

ARE MOST OF THE WORLD'S SEAFLOOR
VOLCANOES UNDERWATER? ACTING LIKE A
DIVING BOARD?
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