PLATE TECTONICS: A GEOLOGICAL PERSPECTIVE

Onno Oncken, GFZ Potsdam
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Drivers and Forces

Oceanic .
lithosphere Ridge push

Netep = 1220 Time = 0.118323

Slab-pull
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Lithosphere strength: A gourmet’s perspective
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... and why plates may move over the mantle
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But why do they move past each other?
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How weak are fault
zone rocks?
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What this means....

effective coefficient of friction on
plate interface and active faults <0.1
friction of banana peel = 0.07

Awarded with 2014 Ig Nobel Prize

PHYSICS PRIZE:

for measuring the amount of friction between a shoe and a banana skin, and between a banana skin
and the floor, when a person steps on a banana skin that's on the floor.

REFERENCE: "Frictional Coefficient under Banana Skin," Kiyoshi Mabuchi, Kensei Tanaka, Daichi
Uchijima and Rina Sakai, Tribology Online 7, no. 3, 2012, pp. 147-151.



https://www.jstage.jst.go.jp/article/trol/7/3/7_147/_article
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South America west drift (18°)
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Ferropericlase controls
mantle viscosity

Resistance by

Miscosity increase
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Carbon Regulation
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Storing and removing CO,
by tectonics —
example Alps

Marine carbonate
sediments deformed and
uplifted (Central Alps)

Weathering of
mafic silicate rocks
(Central Alps)




The silicate weathering thermostat is

T tuned by plate tectonics
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Crustal evolution suggests
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Fuelling the plate tectonic machine
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Evolving Earth — evolving plate tectonics
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lithosphere thickness and strength

-’ Plate tectonics is not

time
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Plate tectonics,
mountain building,
atmosphere
evolution and

life appear to

form a system
coupled via
multiple feedbacks
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Emerging picture of ,Earth-style’ plate
tectonics shows these attributes ...

e ...a silicate planet with characteristic
chemical and mechanical properties

e ...a limited temperature regime with stable
(radiogenic) heat source

e ... positive and negative feedbacks stabilizing
thermal boundary conditions (internal and at
surface) and mass flux

e ... self-organization of system components
maintains one of potentially several stable
tectonic regimes

..., but many open questions remain
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Generalized diagram of the Earth system
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k acid, which
brings elements from
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Source: S. Zhong



Railsback's Some Fundamentals of Mineralogy and Geochemistry
One might ask “why is there plate tectonics?”
- - This page provides this answer: because heating of
P I ate te ton I s an d Ea rth d n m l c s Earth's interior by radioactivity, and cooling of
c c y a Earth's surface, create inversions of density. Those
density inversions lead to vertical movements that
result in horizontal movements of Earth's cold brittle

A. A metastable static Earth _ B. Metastability fails ouier ind, We cel hose horizonal movements of
Material that is cooling (an unsustainable hypothetlcal ConStrUCt, Britt_ledritnd _b?]gt;ins to crack
= H as rind to ri
SRS I Hosl . presented just to get moves to fig’“‘ Material made more

to atmosphere;
cooling makes
this outer
rind more
dense.

started)  om—p

Colors represent zones

of different temperatures
and thus of differing rigidity;
differences of material
are ignored here.

dense by cooling sinks.

Earth's interior is also under great pressure, s Differential heating in the atmosphere
Material that is heatin which makes materials more dense. Additionally, ~ Material that has been made less dense by produces rising thermals and falling
. G denser materials have settled to Earth's interior heatina. and ductile with that heat. rises rain in a matter of hours. Much the same
because of radioactive decay through time. Tlf'\us, in a hypothetical perfe((:jt Earth, g9 ’ » :;oncept Ius |Ilfutstrate¢fi hga‘l::e, butfwuth a
i compromises of temperature, pressure, an ime scale of tens of millions of years.
of dense atoms.’ like those Qf material could give layers of upward-decreasing
uranium. Heating makes this density all the way from core to surface, and thus
a perfectly stable Earth — but how long wou
material less dense. riectl le E but how | Id

perfection persist?

C. Earth becomes dynamic

Brittle rind cracks further

D. Dynamic Earth

A moving plate

Divergent plate boundary I Convergent plate boundary s rinc:1 moves to both Material made more
1 eft ana ri 5 1 R 3
underlyilng o dense by cooling sinks,
material

cooling Earth's interior.
moves Y

up.

o

Material made
more dense
by cooling
sinks.

Those who see the sinking cold rind as the main driver are advocates of “slab pull” or perhaps better “plate slide”; ;
those who see the rising hot mass as the main driver are advocates of “ridge push” or perhaps better “ridge rise”; mg},grl(ilj (t:t:laef Q ashgg,ﬁr? n(]:g(rj](ti rlszss ?g I:lssee and LBR 82016
those who see a circular flow of variably heated material as the main driver are advocates of “mantle convection”. y g : SFMGPIateTectonicsDriven01.0dg
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Measuring active deformation with GPS

g GPS satellites
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Earth’s crust is in failure equilibrium globally !

SHEAR STRESS, T (84ARS 1 10°)
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Rock strength in experiments ...
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... and stress state in deep wells.



