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Aplite (Strong) Crust; Wet Olivine Upper Mantle

T40km= 1225°C; n = 3.5

OPCX

Model approach assumed a 

stepwise set of steady states

following the wet-olivine flow law:



Weertman ñAverage Dislocation Modelò of Power-Law Creep
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for h ï1 and M 0, power law n = 4.5:

symmetry is broken

for h ï1 and M 3, power law n = 3:

self-similarity
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Re Sensitivity of M

--D.S. Stone

Same sensitivity have they

but density

entails volume;

slip plane length.

Stress squeezes:

distance between sources:

inverse;

volume per source:

inverse cube.

VJ

Steady State: nonequilibrium stationary state (Prigogine)



Spatial Scales of Energy 

Dissipation: Self-Similarity; 

Self-Organized Criticality

ðC.E. Dutton, Tertiary History of the Grand Cañon District, USGS, Washington, 1882.

Natural Landscapes: D = 1.2 0.05

Fractal Analysis of Erosion 

Topography of the Grand Canyon
Geol 1960FðPatterns: in Nature, in Society

Spring 2009



Self-Organized Criticality: Gutenberg-Richter Law

Johnston & Nava, JGR, 90, 6737 (1985)
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Criticality in the Dislocation Plasticity of Ice

Miguel et al., Nature, 410, 667 (2001)

Creep Experiments: ï10oC

E,A0 acoustic energy bursts: dislocation glide

P(E, A0) frequency of occurrence

single xtal

Richeton et al., Nature Mater., 4, 465 (2005)



An Energy-Dissipation Perspectiveé

The dynamic geological setting consists of rock 

being actively deformedðrock experiencing a 

thermodynamic state that includes a relentless 

deviatoric stress in the range 1ï100 MPa.  The 

accumulation of plastic strain promotes 

textureðñself-assemblyòðon a variety of 

scales, from nanometer to kilometer:

How does one place this

phenomenology in the context of self-organized critical behaviorð

particularly in the recovery after large energy cascades?



Viscoelasticity & Attenuation: The Absorption BandéHow?

Anderson and Given (1982) Liu et al. (1976)

Conventional perspective: superposition 

of standard (exponential-decay) solid 

models; a mix of mechanisms and/or 

microstructural scalesé



Linear 

Viscoelasticity: 

Mechanics

Perspective (1)

Maxwell Solid Voigt/Kelvin Solid

linear elastic spring: Ri

linearly viscous dashpot: i

exponential decay

no anelasticity no plasticity



Linear 

Viscoelasticity: 

Mechanics

Perspective (2)

Burgers Solid: Boltzmann superposition of 

Maxwell and Voigt/Kelvin models

All the elements é 

but real materials?



Linear Viscoelasticity: Burgers Solid Analysis
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orthoenstatite glass-ceramics/4-point flexure: Gribb and Cooper (1995)

Burgers Solid:

Laplace 

transform:


