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Constitutive Equations / Flow Laws
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Flow Laws for Steady-State Deformation —
Diffusion Creep

Grain-matrix diffusion

Grain-boundary diffusion
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Flow Laws for Steady-State Deformation —
Diffusion Creep
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Flow Laws for Steady-State Deformation —
Dislocation Creep

Inserted half-plane
-0




High-Temperature Deformation —
Dislocation Climb

Movement of a jog by
addition of interstitials

Movement of a jog by
absorption of vacancies
or emission of interstitials




Flow Laws for Steady-State Deformation —
High-Temperature Dislocation Creep

O,
f02fH 0 exp( RT)

S—A

GV D |
RT b In(R, /r,)

8—2n

RT G b2 ln(G/G) f



Origin of Dependence of Visicosity on Fugacity
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Dislocation-Accommodated
Grain Boundary Sliding
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Flow Laws for Steady-State Deformation —
Dislocation-Accommodated
Grain Boundary Sliding
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Low-Temperature Deformation —
Dislocation Glide
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Flow Laws for Steady-State Deformation —
Low-Temperature Dislocation Creep
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Deformation Mechanism Map —oc vs T
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Deformation Mechanism Map — o vs d

0% olivine under anhydrous conditions
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Viscosity Profiles vs Glacial Isostatic Adjustment
Global Average

after Dixon et al. (2004)
Hirth and Kohlstedt (2003)
Kaufmann and Lambeck (2002)
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Viscosity Profiles vs Glacial Isostatic Adjustment
Western U.S.
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Comparison

of Flow Stress (MPa)
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Why the Emphasis on Single-Phase
Rather than Multi-Phase Rocks?

eutectic melting



Low-Temperature Plasticity
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Low-Temperature Plasticity

Differential Stress (MPa)
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Melt Distribution in Partially Molten Rock
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Flow Behavior of Partially Molten Rock

diffusion creep
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Flow Behavior of Partially Molten Rock
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High-Strain
Torsion
Experiments

constant twist-rate or torque

applied from above
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Torsional
Deformation
of Partially
Molten Rock







Torsional Deformation
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LPO from Shear Partially Molten
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High-Pressure, High-Temperature Apparatuses

Ar D-DIA apparatuses
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Deformation-DIA

Sample D-DIA sample
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Anvils
(cBN or WC)

—— _\\\\““N"

e /J

Thermocouple

= Sample
Ny, T~ MgO standard

~Craphite furnace

74 : T
Boron epoxy yd Al;0O5 pistons

pressure medium ‘

samples 1 mm in diameter

(adapted from M_Vaughan)




Viscosity Profiles vs Geoid and Rebound
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Viscosity Profiles vs Geoid and Rebound
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Constitutive Equations: Non-Steady State
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c* = hardness parameter, Hart (1970)
measure of resistance of grains to dislocation movement
possibly correlates with sub-grain size, Stone et al. (2004)






Detailed View of a Melt-Rich Band

olivine + 25 vol % chromite + 6% MORB, y =3, c = 100 MPa
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Deformation Mechanism Map — o vs d

1 | I I I
low-T plasticity

dislocation

o creep
diffusion

creep

10

800°C

10! 102 10° 10* 100 10°
Grain Size (um)

Kohlstedt (2007)




Deformation Mechanism Map —oc vs T
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