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Contributions to Topography

Factors: Mantle Flow
* Isostatic balance of crust
* Orogenesis
« short A uncompensated
» Epeirogeny
* LongA

* Tectonic uplift; post-glacial rebound; dynamic topography [Mitrovica et al., 1989; Gurnis, 1993]
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Earth’s Geoid: Dynamic Topography
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Dynamic Topography: Physical Deflection
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Observations of Lithospheric Stress

Contributions: Mantle Stresses and Lithospheric Structure

The stress maps display the maximum horizontal compressional stress SH
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Governing Equations
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Non-linear
What is right Constitutive Relation?

[Tackley, 1999]

FAULTS!
Large range of Time- & Length-Scales
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Rheology

Function of (X, BT, 0)
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Computing Mantle Flow

CitComS Finite Element code
Internal density heterogeneity from S20RTSb

Lithospheric thickness from seismology.

Use tractions at base of lithosphere
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[Conrad and Lithgow-Bertelloni, 2006; Naliboff et al., 2009; van Summeren et al., 2012]



Plate Driving Forces

Slab Pull from Upper Mantle Slabs
Slab Suction from Lower Mantle Slabs
Shallow Roots and Global Asthenosphere
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[van Summeren et al., 2012]

Vsubd.Nnon—subd. = 3.7 Misfit = 0-21

Vsubd.Nnon—subd. = 3.7 Misfit = 0-24
Vaver = 3.6 cm/yr fsp =60%

Vaver = 1.4 cm/yr fsp =20%
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Pressure due to topography
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Horizontal Tractions
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[Naliboff et al., 2009]
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[modified from Naliboff & Lithgow-Bertelloni, submitted]
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Dynamic Topography from S40RTS

Present-day dynamic topography
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[Forte et al., 2010; Moucha and Forte, 201 1]
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Model of lithospheric structure: TDL

“' .
cratons platforms divergent convergent

[Naliboff et al., 2012;
Lithgow-Bertelloni and de Koker, in revision]

Procedure

* Divide globe into regions (4 continental + oceans(age)

* Crustal structure (CRUST 2.0) + lithospheric mantle (depleted + undepleted)
* Oceans half-space cooling based on isochrons

* Lithospheric mantle densities at P and T{Stixrude and Lithgow-Bertelloni, 2005; 201 1]

* Thicknesses determined by matching spherically averaged P at 350 km to PREM



Best Guess at “Observed’’ i.e. Residual

A. This study B. Steinberger (2007)
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C. Panasyuk and Hager (2000) D. Kaban et al. (2003)

[Flament et al., 201 3]

[Lithgow-Bertelloni and de Koker, in revision]
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Topography and Lithospheric Structure
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Effects of L|thospher|c Structure
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[Naliboff et al, 2012]
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Effects of Lithospheric Structure

Isostasy enforced TDL
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[modified from Naliboff et al., 2012]
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Horizontal and Radial Tractions
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[Nabliboff et al. 2009; Naliboff & Lithgow-Bertelloni, submitted]
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Effect of Lateral Viscosity Variations
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[Naliboff et al., 2009]
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Effect of Weak Asthenosphere
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Conclusions

Mantle-Lithospheric coupling INEVITABLE but VARIABLE

-horizontal mantle tractions are large..., match plate motions, but largely not stresses
-radial tractions (i.e DYNAMIC TOPOGRAPHY) determine regime and transmit efficiently

-Lithospheric structure assumptions CRUCIAL both in density and rheological structure!
-Choice of mantle density heterogeneity also matters

What do we need to do!

-Complete crustal, lithospheric structure needed

-Better representations of lithospheric and mantle rheology (crustal...)
-temporal evolution of stress field
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