
IT’S STILL 
PRETTY 

HARD TO GET UP 
HERE.  LOOK AT 
THOSE HAIRPIN* 

BENDS!

BEING HIGH UP PROVIDES 
SOME OBVIOUS 
ADVANTAGES.  GRAVITY 
IS ON YOUR SIDE!

THAT CAR’S GOING WAY 
TOO FAST!  LOOK OUT!

So What's the deal 
with mountains?

* OK, switchbacks

I’M STANDING ABOVE 
PEYREPERTUSE, a castle 

built IN SOUTHERN FRANCe 

IN THE LATE 13TH CENTURY. 
IT WAS A STRONGHOLD ON 
THIS MOUNTAIN RIDGE.

Wow! MAJOR 
CRUNCH.  LETS 

GO SEE.

DRIVING IN FRANCE 
CAN BE A THRILL!

LOOK AT HOW BENT OUT OF 
SHAPE THE CAR IS!  THAT crash 
expended A LOT OF MOMENTUM.

THE HOOD IS REALLY CONTORTED!
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In 1915 Alfred wegener took us 
in another direction, suggesting 
that the continents drift around 

on the earth's surface.

according to this theory, The 
crust sinks allowing sediments 
to accumulate in a basin.

NOW LOOK AT 
THE MOUNTAINS. 
THEY’RE REALLY 
CONTORTED TOO.  
COULD this be 
the result of 
some kind of 
crash affecting 
the rocks?

THESE CONTORTIONS ARE CALLED FOLDS. 
they're symptomatic OF CONTINENTAL 
COLLISIONS THAT TOOK PLACE MILLIONS OF 
YEARS AGO.

IF YOU saw THE EARTH FROM SPACE 
270 MILLION YEARS AGO, YOU 
WOULDN’T RECOGNIZE IT.

AS TIME …

WENT BY…

THINGS…

CHANGED.

NORTH 
ATLANTIC 
forming

ASIA

SOUTH 
ATLANTIC 
forming

INDIA IS DRIFTING 
NORTHWARDS

GONDWANALAND SPLITS APART

200 MILLION 
YEARS AGO

120 MILLION 
YEARS AGO

90 MILLION 
YEARS AGO

270 MILLION 
YEARS AGO

THE  
GEOSYNCLINAL 

THEORY slight compression starts as 
the crust sags, and the 
geosyncline gets deeper

Coarse 
material 
near the 
shore

finer material 
then carbonates 
further away 
from shore

lots of vertical 
motion

This theory 
stated 
that 
mountains 
are due to 
minor 
horizontal 
motions 
producing 
major 
vertical 
motion.

little horizontal 
motion

sediment is eroded 
off the new 
mountains.

His theory 
hypothesized 
huge horizontal 
motions … 

IMPLYING 
that 
mountains 
come from 
dramatic 
crustal 
shortening-  
Major 
horizontal 
motions 
producing 
minor 
vertical 
motion.

scientists once 
thought that folds 

formed when 
basins became 
compressed.

40 MILLION 
YEARS AGO

↓ ↓
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wegener's ideas led to the modern 
theory of plate tectonics, which helps 

us understand why there are volcanoes 
in certain parts of the world and how 

oceans are made! 

mid atlantic ridge

some oceans grow by the process of sea floor 
spreading. others shrink because of 
subduction.  Subducting crust partially melts 
and produces magma (molten rock), which rises 
(low density!) to feed volcanoes.

mid ocean 
ridge

island arc volcano

trench

Rising 
magma

Continent 
A

Continent 
B

IN THE SHRINKING OCEAN, SEDIMENT 
ACCUMULATES On THE CONTINENTAL 
SHELVES AND IN THE BACK ARC BASIN. THIS 
SEDIMENT IS MOSTLY MARINE IN ORIGIN, 
BUT THERE's sOME volcanic MATERIAL TOO.

over MILLIONS OF YEARS, THE BACK ARC 
BASIN GETS ATTACHED TO ONE of the 
CONTINENTs AND THE SEA BETWEEN THE 
TWO CONTINENTS GETS SMALLER AND 
SMALLER. . .  

Back arc 
basin

Continent 
A

Continent 
B

PartiAL MELTING OF 
SUBDUCTING MATERIAL

Continent 
A

Continent 
B

SHELF 
SEDIMENTS

PYROCLASTICS & 
DEEP SEA SEDIMENTS

↓ ↓ ↓
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THIS TYPE OF BEHAVIOR 
WAS FIRST DESCRIBED 
IN THE ALPs, WHEN 
GEOLOGISTS FIRST 
REALIZED THAT 
HORIZONTAL MOTIONS 
OF TENS OF KILOMETERS 
HAD TAKEN PLACE THERE.

Well, its 
only a 

cartoon!

when the 
intervening sea 
shrinks to nothing, 
then subduction 
and volcanism stop 
& collision starts.

THESE HORIZONTAL 
MOTIONS PUSH ONE 
SLAB OF ROCK OVER 
ANOTHER, FOLDING 
THE ROCKS AND 
MAKING THE CRUST 
THICKER!
THis is helped by 
"THRUST" FAULTS, 
which are caused by 
COMPRESSION moving 
ONE SLAB OVER 
ANOTHER, OR EVEN by 
down-hill SLIDING. 
DETACHED CHUNKS OF 
CRUST CAN BECOME 
UNSTABLE AND SLIDE 
AWAY FROM THE 
HIGHEST PARTS OF THE 
MOUNTAINS …

JUST LIKE WE SAW 
IN THE CRUNCHED 
CAR.

THE GLARUS THRUST WAS 
THE FIRST ONE RECOGNIZED 
FOR WHAT IT WAS.

THIS, IN TURN, LEAD TO THE 
NAPPE THEORY, WHEREBY LARGE 
RECUMBENT FOLDS ARE THOUGHT 
TO HAVE BEEN FAULTED AND 
MOVED MANY KILOMETERS OVER 
THE “BASEMENT”.

ALL THIS CONTORTION 
IMPLIES AN INCREDIBLE 
AMOUNT OF 
COMPRESSION, BENDING 
AND BREAKING of ONCE-
FLAT ROCK LAYERS.

 AS WE SHALL 
SEE IN THE 

NEXT SECTION.

And the young 
lady in the 

car?

THIS CAN LEAD TO 
IMPRESSIVE CHANGES IN 
THE VERY NATURE OF THE 
ROCK …

SO NAPPES are 
responsible for 
A GREAT DEAL OF 
CRUSTAL 
“SHORTENING”.  

 HAVE BECOME CLOSER…

AND CLOSER AS THE NAPPE DEVELOPs.

suturing the 
continents together 
and making folds…

TWO PLACES (A AND 
B) WHICH WERE 
ONCE FAR APART…


