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g~ 10
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dislocation glide and creep

crystal-plastic flow

dislocation glide

pure glide on slip systems

dislocation creep
glide + recovery, 
subgrains and rotation rex

strain-driven
rotation recrystallization

tends to reduce grain size

progressive subgrain rotation
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dislocations in subgrains and subgrain walls 

bright field image

dark field image
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g~ 3 Barnhoorn et al, JSG 26 (2004) 885-903
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g~ 5 ;
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Barnhoorn et al, JSG 26 (2004) 885-903
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(/�7/<�$����	
	� )exp( RT
EAd nm -= - se�

strain rate

grain size
stress

temperature
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Oesterling et al, JSG 29 (2007) 681-696
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Van der Pluijm, JSG 13 (1991) 1125-1135
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Carrara marble Solnhofen limestoneSynthetic calcite

after gggg= 5

before deformation
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Barnhoorn et al, Tectonophysics 403 (2005) 167-191
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)exp( RT
EAd nm -= - se�

strain rate

grain size
stress

temperature
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at all deformation conditions

mono-phase calcite-bearing materials

g= 10, 727 °C

very 
homogeneous 
deformation

no localisation
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- grain size differences and reduction
- crystal orientation differences
- dislocation density differences

softening accompanied by:
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5�����	����� ������������������

• materials with a pre-existing weak layer (fault/vein)

• originally heterogeneous materials (e.g. with   
compositional layering)

• multiphase rocks
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two-phase 
calcite-anhydrite

g= 1.5 g= 3.4

g= 5 g= 12
50 % Ca 50 % An

always 
heterogeneous

deformation

Barnhoorn et al, EPSL 240 (2005) 748-763
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50 % Ca 50 % An

outside the localised zone

g= 12
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50 % Ca 50 % An

inside the localised zone

g= 12

��������	�
���
�
���������
����
�����������



Only experimental observation of strain localisation / shear zone
formation on a bulk sample scale
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Numerical modeling of 2 phase deformation

from Mark Jessell (Toulouse) – Jessell et al., JSG 31 (2009) 719-736 - http:\\tinyurl.com/elle-blobs

results in strain localisation
whitegrey ss *5=

(
	
�� ����)**�
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in monophase materials…

local instabilities (e.g. due to grain size differences) are 
short lived

recovery processes (grain growth, migration of boundaries)
remove the instabilities

no localisation

possible maybe  
in very specific
scenario
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in multiphase materials…

local instabilities are long lived

recovery processes much less efficient due to phase 
boundary pinning

strain localisation
common
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