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Brittle deformation in calcite-cemented quartz sandstone.
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Experimental cataclastic shear

video by Winn Means



Low-Temperature 
Crystal Plasticity

• Pressure solution
• Kinking
• Dislocation glide
• Mechanical twinning

Processes that depend more on 
differential stress than on temperature, 

and that change a mineral’s shape 
without melting, fracturing or faulting.
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Development of kink bands



Development of kink bands
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Kinked biotite, brittle deformation in folded feldspar



Kink fold in Santa Monica slate
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Undeformed lattice Dislocation glide
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Mechanically twinned calcite lattice



Mechanically twinned lattice









Twinned calcite grains

Photomicrograph by Tina Gammill



Photomicrograph by Tina Gammill

Mechanical twins in calcite





High-Temperature 
Crystal Plasticity

Diffusion-assisted and hence 
temperature-dependant 
processes that change a 

mineral’s shape without melting, 
fracturing or faulting



Point defects: 
vacancies, 

interstitials, 
substitutions



Vacancies



Interstitial atoms



Substitution errors





Line defects

• Twins

• Dislocations

• Edge

• Screw

• Mixed



Oxidation etched dislocations in olivine
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Motion of edge dislocation through a lattice





Propagation of a screw dislocation



Edge and screw dislocations on the same slipped patch









Planar defects

• Grain boundaries

• Twin planes

• Subgrain boundaries

• Deformation bands/lamellae

• Bohm lamellae

• Stacking faults



Unstrained lattice



Elastically strained lattice



Plastically strained lattice



Poligonized lattice
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Naturally deformed quartzite
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Experimental deformation of dunite, with flattened grains, 
subgrains and recrystalization
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Naturally deformed peridotite, Hualali, Hawaii
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Naturally deformed peridotite;  recrystalized grains 
in olivine subgrains















Jog in an edge dislocation





Recovery

• Vacancy diffusion helps untangle 
dislocations

• Climb to straighten and untangle 
dislocations

• Dislocation anihilation

• Ordering of dislocations into walls

Processes occurring between 0.3-0.5 Tm that 
reduce dislocation density (and hence reduce 
the elastic strain energy inside of a crystal).  
Work hardening (tangling of dislocations) 

competes with recovery.



Unstrained, recovered lattice



Dislocation creep = 
dislocation glide + 
dislocation climb

The motion of dislocations and 
vacancies through a crystal occurs 
at all temperatures, but it is much 
faster at high temperatures than at 

low temperatures.



Dislocation creep = 
dislocation glide + 
dislocation climb

At high temperatures, it takes less 
energy for vacancies to diffuse 
through or around a crystal.
The amount of strain energy 

needed to break chemical bonds 
is reduced at high T.



Competing Processes
Work Hardening:

dislocations tangle and obstruct 
each others’ motion.  Strain leads 

to an increase in dislocations, 
inhibiting further strain.



Competing Processes
Work Softening:

dislocations are anihilated or 
organized into subgrain boundaries 
(tilt walls), resulting in lattices that 

contain fewer dislocations.
Recovery and recrystallization 

are involved;  enhanced at higher 
temperatures.



Homologous Temperature (Tm)

This is the melting temperature of a 
mineral expressed in the Kelvin 
temperature scale:

0 K = -273.16°C
Zero Kelvin is called absolute zero, 
because it is the temperature at which 
the volume of any ideal gas would reach 
zero and at which all thermal vibration 
of an atom ceases.



Primary Recrystallization

• Grain boundary area reduction (GBAR)

• Grain boundaries are straightened and 
flattened

• Ratio of volume to surface area is 
maximized for given physical and chemical 
conditions

• Equilibrium is approached, given enough time 
at high temperature

Occurs at temperatures above half 
the homologous temperature (Tm) 
for a mineral.



Static recrystalization



Dynamic Recrystallization

• Grain boundary migration 
recrystallization (GBM)

• Subgrain rotation 
recrystallization (SR)

Processes that reduce the internal 
strain energy of a crystal and 
reduce the surface energy along 
grain boundaries.



Grain boundary migration



Dynamic recrystalization



Dynamic Recrystallization

...under high flow stress results in 
smaller crystals

Dynamically recrystalized rocks 
with smaller crystals are typically 
stronger and denser than they were 
before deformation.



Texas A&M University Center for Tectonophysics



Flow Laws

• Coble creep (grain-boundary diffusion)

• Nabarro-Herring creep (volume/
vacancy diffusion)

Dislocation (or power-law) 
creep modeled with a form of the 
Dorn equation

Diffusion creep
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“Flake” tectonics involving strong upper continental crust
moving over a weaker lower continental crust

(crustal asthenosphere)

from Lemiszki and Brown



Plastic shear



edge dislocation

from Passchier and Trouw, 1998



edge dislocation

from Passchier and Trouw, 1998



from Passchier and Trouw, 1998



Pressure Solution

from Passchier and Trouw, 1998



Static recrystalization


