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01- Die Tektonik vor der 
Plattentektonik
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Das Oberflächenrelief
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Die Einschnürung der Erde

Daubrée 1879
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Die Einschnürung der Erde

Dana 1847
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Die Einschnürung der Erde

Das Antlitz der Erde, 1883

Eduard Suess
(1831-1914)
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Geosynclines

James Hall 
(1811-1889)
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Ende der Einschnürung Theorie

Drei unabhängig Beweise gegende Abkülung 
der Erde  

- Strukturgeologie mit Feldkartierung

- Geodäsie

- Physik
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Feldgeologie



0
1

-G
eo

d
y
n

a
m

ik
 u

n
d

 T
ek

to
n

ik
R

. 
B
o
u

sq
u

et
 2

0
0

9
-2

0
1

0
Feldgeologie
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Feldgeologie

Die Glarner Überschiebung:
In 1884, hat Marcel Bertrand eine Überschiebung nach Nord behauptet. 
Die Bewegung war mindestens 30 km.



0
1

-G
eo

d
y
n

a
m

ik
 u

n
d

 T
ek

to
n

ik
R

. 
B
o
u

sq
u

et
 2

0
0

9
-2

0
1

0
Feldgeologie

Bassins, mother of the 
mountain Suess 

(1885-1909)
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Feldgeologie: Tektonik in den Alpen

Pierre Termier, 1903
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Geodäsie

Pierre Bouguer
1698-1758

Georg Everest
1790-1866

Der Begriff der Isostasie
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Physik

Die Entdeckung der Radioaktivität:

1902- Marie Curie Radioactivität des Thorium.
Mit Albert Laborde, sie hat gezeigt, dass der 
radioaktiv Abfall exothermisch ist

Marie Sklodowska Curie 
(1867-1934)

Dies widerspricht die essentielle Vermutung der 
Einschnürungstheorie
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Young mountain belts after Neumayr (Erdgeschichte, t. 2, 1887)
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Die kontinentale Drift

Alfred Lothar Wegener (1880-1930)
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Die kontinentale Drift
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Die kontinentale Drift
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Gegen die kontinentale Drift

Die Geophysiker:
Welcher Mechanismus? Die seismische 
Wellen propagieren sich in der Erde, denn 
ist sie fest.

Viele amerikanische Geowissenchafler
Passt nicht mit dem Geosyncline Modell

Isostasie

Uniformitarismus
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Uniformitarismus

1830 Charles Lyell published 
Principles of Geology 

Concept of 
Uniformitarianism 
contrasted with prevailing 
concept of Catastrosphism 

✓ Natural Laws are constant in space 
and time

✓ Present processes can explain the 
past (uniformity of process through 
time)

✓ Geologic change is slow, steady, 
gradual

✓ The Earth has been fundamentally 
the same since its formation 
(uniformity of configuration)

Sir Charles Lyell 
(1797-1875)

“Uniformity and Catastrophy” in Ever Since Darwin, by 
Stephen J. Gould, New York: Norton, 1977  
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Bewegung im Mantel

(a) The load of an icecap on the 
lithosphere causes downbending 
accompanied by the elevation of 
the peripheral lithosphere and 
lateral flow in the asthenosphere

(b). When the icecap melts

(c ) , isostat ic equi l ibr ium is 
regained by reversed flow in the 
asthenosphere,

sinking of the peripheral bulges 
and elevation of the central region 
(d).

Theorie of isostatiche Rückprall  (rebound)
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Bewegung im Mantel

Reginald Daly
1926
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Bewegung im Mantel

Arthur Holmes
1229
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Vom Land nach Meer

Drei geophysikalische Untersuchungen der 
Ozean:

Gravimetrie

Topographie des Ozeans

Paleomagnetismus

Vema
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Gravimetrie

In 1923 in Indonesia, hat Felix Vening Meinesz (1887-1966) eine 
grosse gravimetrische Abweichung assoziiert mit dem Java 
Graben

In 1928, haben Vening Meinesz mit den amerikanischen Harry Hess 
und Maurice Ewing und dem britischen Ted Bullard Geophysiker 
in der Karibik die Beobachtung bestätigen

Vening Meinesz schlaget vor, dass 
die Konvektionsströmungen 
verantwortlich sein könnten.

In 1933, Hess stellt ein neues 
Modell, the tectogene: eine 
verticale Beule in der Kruste

Gleichseitig haben Beno Gutenberg 
und Charles Richter gezeigt, dass 
die Erdbeben um das pazifische 
Becke nur im bestimmten 
Gebieten mit Abhang von 45° 
Richtung des Kontinents 
lokalisiert werden



0
1

-G
eo

d
y
n

a
m

ik
 u

n
d

 T
ek

to
n

ik
R

. 
B
o
u

sq
u

et
 2

0
0

9
-2

0
1

0
Konvektion

David Griggs Experiment 
(1939)
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Topographie der Ozean

Heezen & Tharp, 1960s
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Paleomagnetismus

•In the early 20th century, Pierre Curie had discovered that rocks 
cooled in a magnetic field take on the polarity of that field (the 
temperature: Curie point). 
•Mid-1950s discovery of the fact that rocks of different age are 
displaying different magnetic orientation
Two possible interpretations:

either the earth's poles had moved relative to the land masses 
(true polarwander),
or the land masses had moved relative to the poles (continental 
drift).
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Paleomagnetismus
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Paleomagnetismus

By compiling remanent 
magnetism of rocks of  
varying ages, one could 
construct a record of 
how the poles had 
seemed to move over 
time, an "apparent 
polar-wandering path." 



0
1

-G
eo

d
y
n

a
m

ik
 u

n
d

 T
ek

to
n

ik
R

. 
B
o
u

sq
u

et
 2

0
0

9
-2

0
1

0
Sea-floor spreading

Hess, 1962
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Sea-floor spreading

Hess, 1962
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Sea-floor spreading

Vine & Mattews, 1963
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Sea-floor spreading

Wilson, 1962
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Sea-floor spreading

Wilson, 1962



0
1

-G
eo

d
y
n

a
m

ik
 u

n
d

 T
ek

to
n

ik
R

. 
B
o
u

sq
u

et
 2

0
0

9
-2

0
1

0
Sea-floor spreading

Wilson, 1965
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Geometry on a sphere

Morgan, 1967
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Topographie
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Die Plattentektonik, erst Model

Le Pichon, 1968
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Die Plattentektonik, heutige Model
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Die Geodynamik, eine Menge der Interaktionen
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Wärmefluss auf der Erde

The amount of heat lost 
through the ocean is up 
to 73%!

The oceans cover about 
60% of the Earth’s 
surface.
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Wärmequellen

 Drei Hauptwärmequelle in der Erde
 Die originelle Wärme
 Die Gravitationswärme (potential energy)
 Die Radioactivität
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Wärmequellen: 1.”Originelle” Wärme

This is the release of heat due to the cooling of the Earth. This heat was 
created during the accretion of interstellar dust to form planets.
This energy is a kinetic energy. Steps in the accretion process:

1. Accretion of cm sized particles

2. Physical Collision on km scale

3. Gravitational accretion on 10-100 km scale

4. Molten protoplanet from the heat of 
accretion
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Wärmequellen: 2- Gravitation (potential energy)

Gravitational potential energy released by the transfer of material from 
the surface to depths. Final step is differentiation of the earth: Light objects float; heavy 
objects sink.
The gravitational potential energy released would be: 

ΔE =Δρgh   => ΔE ≈ 1.2•1011J.m-3. 
with g ≈ 10 ms-2  h =3•106 m (diameter of the mantle)
ρsilicates ≈ 3•103 kg.m-3	

ρiron7≈7•103kg.m-3 so that Δρ =4•103 kg.m-3

This heat is related to the differentiation 
within the Earth
 Iron-Nickel Core (magnetic field) and oxygen-
silicon crust
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Early Earth uniform (Homogeneous)

Planets heats up due to the accretion’s heat

Dense Iron core sink, leaving layered planet: 
 light crust on top, core below, and mantle in between

Differentiation continues today as planet cools by thermal convection – plate 
tectonics

Hence Earth’s evolution is controlled by its thermal history 
temperature as function of depth and time

Wärmequellen

Press & Siever
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Wärmequellen: 3. Radioaktive Abfall

Rates of Heat Production and Half-lives
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Wärmequellen: 3. Radioaktive Abfall

Heat generation within rocks by radioactive decay

 

 Granite 

Average 
continental 
upper crust 

Tholeitic 
basalt 

Alkali 
basalt 

Oceanic 
crust Peridotite 

Undepleted 
mantle 

Concentration by weight        
U (ppm) 4.0 1.6 0.1 0.8 0.9 0.006 0.020 
Th (ppm) 15.0 5.8 0.4 2.5 2.7 0.040 0.100 
K (%) 3.5 2.0 0.2 1.2 0.4 0.010 0.020 

Heat generation (10-10 W.kg-1)        
U 3.9 1.6 0.1 0.8 0.9 0.006 0.020 
Th 4.1 1.6 0.1 0.7 0.7 0.010 0.030 
K 1.3 0.7 0.1 0.4 0.1 0.004 0.007 
Total 9.3 3.9 0.3 1.9 1.7 0.020 0.057 

Density (103kg.m-3) 2.7 2.7 2.8 2.7 2.9 3.2 3.2 

Heat generation (µWm-3) 2.5 1.0 0.08 0.5 0.5 0.006 0.02 

Thermal conductivity (W.m-1.K-1) 3.5 2.5   2.0 4.0  
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Wärmequellen: 3. Radioaktive Abfall
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Der Transport der Wärme

Conduction
Crystal lattice interaction:
Heat ↑ => Vibrations of atoms ↑
Transfer of kinetic Energy

Convection

Radiation
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Conduction

Conduction with different layers

Conduction with one layer
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Der Transport der Wärme

Conduction
Crystal lattice interaction:
Heat ↑ => Vibrations of atoms ↑
Transfer of kinetic Energy

Convection
The heat is transferred by 

relative motion of portions 
of the heated body. (Fluids, 
Ice, Mantle rocks...) 

Radiation
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Der Transport der Wärme

Conduction
Crystal lattice interaction:
Heat ↑ => Vibrations of atoms 
↑

Transfer of kinetic Energy

Convection
The heat is transferred by 

relative motion of portions 
of the heated body. (Fluids, 
Ice, Mantle rocks...) 

Radiation
The heat is transferred 

directly between the distant 
portions of the body by the 
electromagnetic radiation 
(Sun,...)
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Der Transport der Wärme

 1-Conduction: transfer of kinetic energy by atomic vibration.  
Cannot occur in a vacuum.  For a given volume, heat is 
conducted away faster if the enclosing surface area is larger.

 2-Advection: involves flow of a liquid through openings in a 
rock whose T is different from the fluid (mass flux).  
Important near Earth’s surface due to fractured nature of crust.

Convection: movement of material having contrasting T’s from 
one place to another.  T differences give rise to density 
differences. In a gravitational field, higher density (generally 
colder) materials sink.

 3-Radiation: involves emission of EM energy from the surface 
of hot body into the transparent cooler surroundings.  Not 
important in cool rocks, but increasingly important at T’s 
>1200°C
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Isothermen in der Erde

“Real” geotherm


