THE APPALACHIANS ARE NOT A
PARTICULARLY HIGH SET OF MOLINTIANS.

B THE ALPS

B ST T TR

—_— PARTLY THIS IS DUE
A f * " TO THEIR BEING OLDER
¥ : ‘ AND MORE ERODED. LOW MOUNTA/NS

SOFT
BUT IN SOME ZONES COLLISIONS
THEY NEVER WERE CEASE
VERY HIGH ~ THEY SHORTLY
WERE A PRODLICT OF AFTER THE
i 4 "SOFT" COLLISION. CONTINENTS
HIT ONE
\ ANOTHER.

HIGH MOLINTAINS

MOLNTAINS

TEND TO COME - _
FROM HARD T Ne Do~

COLLISIONS ... SRNN

WHICH INVOLVE CONTINLIED
CONVERGENCE AND STACKING OF
SLUCCESSIVE CRUSTAL SHEETS

PRODLICING THICKER CRLIST. \
| THERE ARE

/ MANY DIVISIONS
K OF THE ALPS, BUT

THEY COVER PARTS OF
SWITZERLAND, FRANCE,
ITALY AND ALUSTRIA, AND
CONTINUE EASTWARDS INTO
THE BALKANS, AND THEN
THE MIDDLE EAST.

THE ALPS
ARE A
YOLINGER
MOLINTAIN
CHAIN THAT
IS A GooD
EXAMPLE OF
A HARD :
COLLISION,
SITUATED
BETWEEN
THE BOOT
OF ITALY
AND THE
REST OF
ELIROPE .

WE'RE GOING TO
LOOK MAINLY AT
THE HELVETIC AND
THE PENNINE
ALPS.




I Massifs

SEEN IN THIS GEOLOGICAL MAP

ARE THE
TALLEST IN
EUROPE.

P BUT, YOUNG AS

THEY ARE, THEY
HAVE STILL HAVE

AMOUNT OF
SEDIMENT.

THIS SEDIMENT

HAS ACCUMULATED |

IN BASINS TO THE
NORTH AND SOUTH
AND IS CALLED
MOLASSE.

y THE
SNOWCAPPED
PENNINE ALPS

SOMETIMES
THE OLDEST
MOLASSE IS
ACTUALLY
CAUGHT UP IN
THE FOLDING
OF THE
MOLNTAINS AS
IT WAS
DEPOSITED AT
THE SAME
TIME AS THE
DEFORMATION
STARTED.

kilometers

Nappes

THE DEFORMATION IS A RESULT OF THE COLLISION
OF AFRICA WITH EUROPE THAT STARTED ABOUT 100
= MA AGO AND CONTINUES TO THE PRESENT DAY.

o = ™

Elevation (kilometers)

O

MADE OF RELATIVELY

TRANSPORTED TO THE

THE MOLASSES SITS ON THE
HELVETIC ALPS WHICH ARE

UNMETAMORPHOSED ROCKS.
THESE UNITS HAVE SLID OFF
BASEMENT ROCKS (CALLED
MASSIFS) AND HAVE BEEN

NORTH-EAST BY THRUSTING.
THE THRUST SHEETS ARE
STACKED UP ON TOP OF ONE
ANOTHER, AND CONTAIN ...

... RECUMBENT
FOLDS.

.....




7 ALONG WITH

MINOR FOLDS
ON THEIR
LIMBS,

"AND HAVE SLID TO

THE NORTHWEST
ALONG DETACHMENT
ZONES (OR THRUST

FALLTS). '

WELL, ACTUALLY THE FOLDS ARE NOT ALWAYS
RECUMBENT, AND ONCE AND AGAIN THIS SLIDING IS
HELPED BY INCOMPETENT EVAPORATES.

THE HELVETIC ALPS HAVE 3 MAIN NAPPES.

THE MORCLE NAPPE,
WHICH HAS THIS DRAMATIC
MINOR FOLD ON ITS
BOTTOM LIMB, WELL
EXPOSED IN THE DENT
D'MORCLE

4 km

More competent
units in color

THRUST OVER THAT IS
THE DIABLERT NAPPE,

AND THEN THE
WILDHORN
NAPPE.




MUCH LIKE
THE SHAPE OF
THIS SADDLE

INTERESTINGLY THESE
NAPPES SAG IN THE CENTER,
PRODUCING AN EFFECT

HIGH IN THE "R
CRUST THE ROCKS

ARE PLASTIC ENOUGH

WHICH MEANS THAT
THE HIGHEST NAPPE MIGHT
BE TOPOGRAPHICALLY
QUITE LOW AT SOME
LOCATIONS.

AGAIN, THIS
STYLE OF
FOLDING IS
TYPICAL OF
FORMATION
HIGH IN THE
CRUST, AND
THE FACT
THAT THE
ROCKS HAVE
SUFFERED
VERY LITTLE
META-
MORPHISM
SUPPORTS
THIS IDEA.

TO BEND, BUT BRITTLE
ENOUGH TO BREAK
LUNDER THE RIGHT
CONDITIONS




HELVETICS

PENNINES

DENT BLANCHE NAPPE

SECTION OF THE
MOUNTAINS WE SEE
THAT THERE ARE SIMILAR
NAPPE STRUCTURES IN
THE PENNINE ALPS.

PENNINES

HERE BROADER
ANTICLINES ARE
SEPARATED BY VERY /
TIGHT SYNCLINES

_ ANTICLINES

B 7, LT THESE ROCKS
HAVE BEEN TAKEN TO A
MLUCH GREATER DEPTH
IN THE CRUST AND
METAMORPHOSED. _

IT IS HERE THAT WE
FIND OCEANIC
SEDIMENTS, AND EVEN
PIECES OF SEA FLOOR -
LIKE THESE "PILLOW
BASALTS",

DEEPER IN THE
CRUST

DEFORMED.

PRODUCING A LUSTROUS
SCHIST THAT MANTLES THE
CORES OF THE ...

~.
AND THE 7 WELL, WE CAN
RIS Rocks wepe MoRe\_/” SOMHIE0 Nef BxteieoLATE
SUGGEST P EEN VATIONS TELL Us, 2\ | R{NG Srisnilc
DEFORMATION GENERALLY AND /o

PENNINE NAPPES.

SUCH .
'/ AS THOSE EXPOSED AT

THE BASE OF THE
MATTERHORN, HIGH IN
THE PENNINES.

DATA...




HELVETICS ~ PENNINES DENT BLANCHE NAPPE _ AND TO SOME EXTENT, WORK
— L P e X BACK IN TIME (TO ~100 MY AGO
IN THIS D/AGPAM)

= Amer'lcu

. future Balkans
& Ttaly

TO PRODLICE A CROSS SECTIONAL VIEW
OF THE ALPS, AS THEY ARE NOW

AND THEN FORWARD TO
LNDERSTAND HOW THE ALPS
DEVELOPED (TO ~ 50 MY AGO).

Future Balkans
. & Italy

AND HOW THEY FIT
WITH THE GEOGRAPHY
AND THE GEOLOGY OF
) THE REST OF ELIROPE,
, AN AND THUS WHY THE
) Y T~ ZSOPOGPAPH YISASIT

N~

WHY PARIS HAS NO
EARTH®UAKES,

AMMONITES ON
THE SOUTH COAST
OF BRITAIN.

... AND WHY THE
PYRENEES
SEPARATE FRANCE /&=

€ SPAIN. AN




