
Die Lithosphäre:
Creme brûlée oder Jelly Sandwich ?
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was ist "die Lithosphäre"

das sind die tektonischen Platten...
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... die sich über die Erde bewegen...
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GPS Geschwindigkeiten

 geologische Verformungsrate:     ε̇ = 10-14 s-1

typische Plattengeschwindigkeit  ḋ = 3 cm / Jahr = 10-9 ms-1

auf 100 km Breite verteilt:          ḋ / B = 10-9 ms-1 / 105 m     

Verformung

Kontraktion Extension

... und (an den Plattengrenzen)  Verformung bewirken



warum bewegen sie sich ?
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... weil der Mantel konvektiert



... Konvektion kennen wir !

... und wissen:  Café crème ≠ Hot chocolate ...



alles eine Frage der Rheologie ...

Newton Körper - ideal viskösSt Venant Körper - ideal plastisch
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... von Spannung und Verformungsrate
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Bingham Körper - real existierend



... die Lithosphäre als Bingham-Körper

... oben stark und stärker - unten schwach und schwächer
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vereinfachte Annahme: 
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... aber die Lithosphäre ist vielschichtig ...

... rheologischen Profile werden zu Christmas trees ...
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Menu für den oberen Teil der Lithosphäre:

... insbesondere der obere Teil der Lithosphäre ?
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wie schwach ist "schwach" ?

ε̇ = 10-14 s-1   T = 300°C  
t = 2 Mio Jahre

... wir machen Deformations - Experimente

ε̇ = 10-6 s-1   T = 900°C  
t = 1 Woche 1 : 100'000'000 

10 mm10 mm ε̇

σ



gleich oder nicht gleich ? das ist die Frage ...

und vergleichen ...

100 µm 500 µm

kristallines Fliessen im Labor und in der Natur:



auftritt die "geborene Geologin"

eine kleine Bilder - Geschichte



Bilder ...

... und was sie bedeuten



Bilder ...

... und was sie darstellen ... oder auch nicht



plus oder minus ? schwarz oder weiss ? ja oder nein ?

... Körner oder Korngrenzen ? Partikel oder Matrix ?



symmetrisch oder nicht ?

... strain - fact or fiction ?

no str
ain !



isotrop oder anisotrop ?

... und wenn ja - in welche Richtung ?



und dann noch das:   computer vision

now you see it ... now you don't



Karte oder Schnittfläche ?

... Muster oder Stichprobe ?



Statistik...

... beginnt mit Glück und Zufall

Blaise Pascal

Comte de Buffon

A.-L. CauchyLaplace
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ABSTRACT

This paper provides an account of the history of geometric probability and stereology from the time of Newton
to the early 20th century. It depicts the development of two parallel paths. On the one hand, the theory
of geometric probability was formed with minor attention paid to applications other than those concerning
spatial chance games. On the other hand, practical rules for the estimation of area or volume fraction and other
characteristics, easily deducible from the geometric probability theory, were proposed without knowledge of

this branch. Special attention is paid to the paper of J.-É. Barbier, published in 1860, which contained the
fundamental stereological formulas, but remained almost unnoticed by both mathematicians and practitioners.

Keywords: geometric probability, history, stereology.

INTRODUCTION

The first known problem related to geometric
probability can be found in a private manuscript
of Isaac Newton (1643 –1727) previously written
between the years 1664 –1666, but not published
until the 20th century (Newton, 1967). It consists of
calculating the chance of hitting one of two unequal
areas of a circle by a ball (of negligible size):

If ye Proportion of chances for any stake bee
irrational, the interest may bee found after ye same
manner. As if ye Radij ab, ac, divide ye horizontal
circle bcd in two pts abec & abed in such proportion as
2 to

√
5. And if a ball falling perpendicularly upon ye

center a doth tumble into ye portion abec I win (a):
but if ye other portion, I win b, my hopes is worth
(2a+

√
5b)/(2+

√
5).

... if a die bee not a regular body but a
Parallelepipedon or otherwise unequall sided, it may
be found how much one cast is more easily gotten than
other. (Newton, 1967, p. 60–61)

Fig. 1. Newton’s illustration (Newton, 1967).

Newton wrote his note after reading the treatise
(Huygens, 1657) to point out that probability can
be irrational. What is even more remarkable is his
claim that chance is proportional to area fraction and
the proposal of a frequency experiment for chance
estimation. More generally, applying Newton’s idea to
the ball of negligible size falling N times on an area
C = A∪B and hitting n times the region A, and setting
a = 1, b = 0, Newton’s hope would be n/N, which
estimates the area fraction of Awith respect toC. Thus,
the first 2D stereological formula, AA = PP, was born.
In other words, Newton’s ideas immediately lead to
replacing the counting of events with their measure and
to estimating an area fraction by a point count. We can
therefore say that Newton also invented stereology.

In a published form, some ideas of geometric
probability were applied by Edmond Halley (1656 –
1742) in a paper that is generally appreciated as
having laid the foundations of a correct theory
of life annuities (Halley, 1693). Halley deduced
formulas for various annuities first analytically, and
then gave their geometric illustration. One year
earlier, John Arbuthnot (1667–1735) published the
first English work on probability (Arbuthnot, 1692),
which contained the translation of Huygens (1657)
and some other problems concerning various chance
games. Among them we can find an unsolved problem
of a completely different nature, which was solved half
a century later by means of geometric probability: In a
Parallelopipedon, whose Sides are to one another in
the Ratio of a,b,c : to find at how many Throws any
one may undertake that any given Plane, viz. ab, may

1

I. Newton

"Mémoire sur le jeu du franc-carreau"



... über Photographie, Elektronenmikroskopie ...

... zur Geologie, d.h. den "Naturwissenschaften"



von kilobyte zu Gigabyte

von Pascal zu Java ... zu Pascal 

Wayne Rasband

Steve Barrett

NIH Image



from workshops

... to textbook



kristallines Fliessen ...

... wie geht das überhaupt ?

kristallines Octochloropropan
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πάντα ῥεῖ ...  aber wie ?

monophases
Material

polyphases
Material

Dislokationskriechen

... von schwach zu schwächer ...

Diffusionskriechen



zurück zur Frage "gleich oder nicht gleich ?"

bzw.  ... gleiche Grösse ?       ... gleiche Verteilung ?



ein kurzer Blick genügt 

... oder vielleicht doch nicht ...?

ein bitzeli kleiner ein bitzeli grösser

schön ge-clustered zufällig verteilt



wie man sich täuscht !

... dann schauen wir doch 'mal wie es richtig geht

im Durchschnitt
beide genau gleich gross

rein zufällig super geordnet



Korngrössen

was ist denn jetzt "die Korngrösse", d oder D ?

D d ≤ D

D = 1/n Σ D = D µ = 1/n Σ d < D
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... Tomatensalat ist schnell gemacht
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aber jetzt ?

...  wie gross waren die Tomaten
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es müssen ja nicht alle Tomaten gleich gross sein...

sowohl d als auch D ist eine "verteilte Grösse"



das andere Kochbuch

der inverse Tomatensalat,  Rezept auf S. 210

stripstar



DurchmesserDurchmesserDurchmesser

wie man sich täuschen kann ...

... vielleicht doch besser, wenn man ein bisschen rechnet ...
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und schon haben wir die Fliessspannung !

Korngrösse 'rein - Spannung 'raus

kein Thermometer
kein Barometer

aber ein Piezometer !

D

Durchmesser

D

Δσ



also messen wir

... die Korngrösse, die Fliessspannung

D = 15 µm

h(d)  2D
v(D)  3D

Δσ = 100 MPa



verschieden Domänen sind verschieden stark !

.. dieser Binham Körper ist eigentlich zwei ... !
⇒ τ = 86 MPa ⇒ τ = 114 MPa

d (µm)
0 50 µm



ist es nun Crème Brûlée oder Jelly Sandwich ?

... je nachdem, an welche Küche man sich hält ...



und zu guter Letzt ...
www.egu.eu

European Geosciences Union

Renée Heilbronner

Stephan Mueller Medal 2016

The 2016 Stephan Mueller Medal is awarded to Renée Heilbronner for
outstanding research on the analysis of rock microstructures and textures
and the quantification of rock deformation.

Renée Heilbronner is an outstanding and internationally leading scientist in the
field of rock physics and Earth deformation. She has distinguished herself by
bringing extraordinary clarity and insightful perspective into the analysis of
microstructures found in naturally and experimentally deformed rocks. She
pioneered a very original approach based on image analysis applied to rock

deformation that forms the foundation for much of our current understanding of the influence of
grain boundary structure on natural deformation. The methods that Heilbronner developed have a
tremendous impact on advancing our understanding of the strong link between microstructures and
rock rheological properties. Her work has numerous applications that cover the whole set of rock
deformation mechanisms, from fracture analysis to quantification of diffusion and dislocation creep,
and the whole range of objects that characterise deformation, from grain boundary geometry to
crystallographic preferred orientations, including the reconstruction of the evolution of such
structures with time. Characteristically, her work uses stereological and statistical methods that were
and are at the cutting edge of image analysis. Her application of rigorous image analysis techniques
has advanced our understanding of strain partitioning amongst component minerals, the effect of
phase chemistry on deformation, and the production of amorphous materials during frictional sliding.
Heilbronner has educated a generation of students, equipped with an arsenal of analytical tools,
many offered as freeware, from grain size characterisation to fabric quantification. She also educated
many senior researchers with her excellent short courses. In 2014, she published a book on
microstructures and textures of Earth materials, which is a seminal work for geoscientists interested
in investigating processes in fields ranging from metamorphic petrology, to sedimentology and
deformation analysis. Finally, Heilbronner has also been very involved in creating better acceptance
and working conditions of women in the scientific community. For these reasons, she is a worthy
recipient of the EGU 2016 Stephan Mueller Medal.

Finally (...) better acceptance of 
women in the scientific community



und zu guter Letzt ...
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