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Example rheology 
for the lithosphere
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long time-scales
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homogenization is loading, time
and length scale dependent

τ=〈 f i(... , c i ,...)〉complicated

sketch from Schmeling et al. (2008) 

Simple viscous flow of two materials example:

 power-law leads to apparent anisotropy



  

Stress and strain-rates informed 
from earthquakes

 elastic anisotropy? (via anisotropic
fault distribution?)

τ ij=Cijkl ϵkl

t < T
cycle

major
extension axes

upper
crust



  

Stress from seismicity vs. 
strain-rates from GPS

 variations of alignment throughout 
the seismic cycle?

ϵ=
1

2μ
∫
t

t+Δ t

τ̇eldt

t ~ T
cycle

upper
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Seismic anisotropy
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via SPO aligned

cracks

deformation, in the
past (fossil) and present

via olivine LPO

(cold)

(hot)



  

GPS vs. crust and SKS anisotropy

upper
mantle

mid
crust

t > T
cycle

SPO, LPO?

olinve LPO

Lin et al. (2011) SW anisotropy

SPO, LPO?

SKS splitting compilation



  

Humphreys and Coblentz (2010)

Edge forces

Basal forces

Internal forces



  

Liu and Bird (2002)

Bird and Piper (1980)

Liu and Bird (2002)



  

Humphreys and Coblentz (2010)



  

Humphreys and Coblentz (2010)
GPE sets the scale

mantle flow contribution



full
model

full
model

new seismic tomography

old seismic tomography

Schmandt and Liu (2014)

Auer et al. (2014)

Inferring the basal 
contribution

● infer lithospheric mantle density anomalies
from tomography (hard)

● Infer deeper mantle density anomalies 
from tomography (easier)

L > 12



Ghosh et al. (2013)

global convection
model (with
viscous anisotropy)
and ~20 km resolution

crustal stress

mantle tractions

 dynamic topography



  

Fay et al. (2008)

Small scale convection effects?

From GPS From flow



  

Platt et al. (2008)

Non-uniqueness
(or chicken and

egg problem)



  

Lechmann et al. (2011)

Full 3D lithospheric
models



  

Humphreys and Coblentz (2010)

Deformation
models can

provide
average stress

bounds



  

modified from Hardebeck et al. (2013)

Humphreys and
Coblentz (2010)

global mantle flow

40 MPa



  

40 MPa
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