Dynamics and Composition of

the Mantle: From the Atomic to

the Global Scale



Earthquakes Short time-scales




Long Time-5cales

Mantle Convection
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Stress, Strain and Plate Tectonics

~ What is Tectonic Activity?



1c Strain

Types of Geolog
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How do we define strain?

Measure of the change of shape and size of a body




Types of strain




Types of strain

What are the different types of strains?
|) Recoverable (elastic)
ll) Non-Recoverable  (permanent)



Quantitying types of strain




Strain and Strain Rate

Elastlc ~ 2-5%




Maxwell Relaxation Time
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time<<t,, - Elastic Behavior



Maxwell Relaxation Time

Material properties strong function of temperature!




This pictures shows to first order that

I)Only hot planets (T, ..., > 1500 K) can be “active”

and near-suriace rocks cannot deiorm D
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- How do we know?

Isostasy; Post-Glacial Rebound
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Richmond Gulf, Hudson’s Bay, Canada




Mantle Convection
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Research Methods




op
—+V:(pv)=0
= (pv)

[Tackley, 1999]

Non-linear
What is right Constitutive Relation?

o =-pl+2ne



- How to solve?

eNumerical methods for PDE’ s

eFinite Difference, Spectral, Finite element, Finite
Volume, etc.
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Mantle convection Movies

http:// www.ipgp.jussieu.fr/~labrosse/movies.html
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-Infinite Prandtl # fluid: i.e. Inertial forces are not important
-Fluid is Incompressible, Newtonian
-Properties Homogeneous

But suppose you know 5[) 4




Buoyancy

F, bg g,Am =

F,=Ao, =4mr'né = —4m’217Z = —4mrnv
r

Actual coefficient varies between 1/3 (inviscid) and 2/9 (solid






[Alterman et al., 1959; Takeuchi and Hasegawa, 1965; Kaula, 1975; Hager and O’'Connell, 1979; 1981]
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Spherical Harmonics
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- -Can explore compressibility (less than 10% effect at long wavelengths)

-LACK OF RHEOLOGICAL COMPLEXITY
Lateral viscosity variations

Plate boundary rheology
-MUST ASSUME A DENSITY HETEROGENEITY

-No TIME DEPENDENCE
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>0 NOW what?

- Convert velocity to density---- BUT HOW?
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Based on Geologic Information-




Birch’s law

Shear Wave Velocity (km s")
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Karato and Karki (2001)

If due to lateral T variations
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~ Stixrude and Lithgow-Bertelloni (2007)



Observed Geoid
(Degrees 2-15)
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Observed Velocities Predicted Velocities

a) 10-25 Ma

Subducting Plate Motion

Direct Pull from Upper

Mantle Slabs
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Contributions: Mantle Stresses; Crustal Heterogeneity
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