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R3iCe

Texture evolution along flow lines

Textures and large-scale ice flow

ESTAR

Graham et al. 2018

http://elmerice.elmerfem.org/ 
Gagliardini et al. 2013
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Modeling texture evolution with DRX
Results :  
uniaxial 

compression

Experimental results 

from Montagnat et al. 2015
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Dynamic recrystallization in the lab
High-resolution observations from electronic microscopy - EBSD

Nucleation by bulging  
Impact of subgrain misorientations 

-> nucleus orientation close to parent grains one 
-> impact of the local stress field

Orientation of 

new / parent grains

Lattice misorientations 

(Kernel Average Misorientation)

Observation and orientation of new grains
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Modelling of DRX texture - issues
Textures resulting from simple shear are not well simulated so far

0.8 1.2 4

Natural shear zone Barnes Ice Cap (Hudelston 1977)

B. Journaux et al.: RX processes, microstructure and CPO evolution in sheared ice 1501

Figure 2. (a) AITA analyses of tangential sections for every sample showing the evolution of CPO and microstructure, with x parallel to the
shear plane and y parallel to the torsion axis. The scheme on the upper right shows the geometrical relation between the tangential section
and the retrieved cylindrical samples. Arrows indicate the shear directions. Color-coded c axis orientation is indicated by the color wheel.
(b) Pole figures (equal area) showing the c axis orientations evolution with shear strain. Shear direction, direction of finite extension (ED)
and compression direction (CD) are indicated with a black line, dotted black line and grey dashed line, respectively. Direction angles for
the M1 and M2 sub-maxima are reported on the pole figures with red and green triangles, respectively, along with their angles with the ED
direction. Theoretical perfectly symmetric M2 poles to M1 with ED direction (M2S) are represented in orange outline open triangles. J index
(Bunge, 1982) and ' angle between M1 and M2 sub-maxima are indicated below for �max � 0.2. (c) Rose diagram of grain shape fabrics.
Mean orientation is indicated as a red line and the 95 % confidence interval as a red arc. Finite shear strain ellipses are plotted onto each rose
diagram. The total number of grains segmented is reported as ng.

0.2). They remain stable in orientation and increase in in-
tensity until they become predominant at high strains (� >

1.96). The M2 maximum also rapidly develops; it is roughly
symmetric to M1 with respect to the maximum finite short-
ening direction. However the M2 maximum continuously de-
creases in intensity during the transient regime. The nearly
complete disappearance of M2 correlates with achievement
of steady state (tertiary creep). All other crystallographic ori-
entations start to disappear as early as � = 0.2 and this ten-
dency is accentuated with increasing shear strain. Finally, if
annealing occurs after the strain stops, the CPO is maintained
even if the grain shape fabric and grain size are modified.

3.3 EBSD

3.3.1 Maps and textures

Multiple EBSD maps were acquired for every final shear
strain. Representative examples of EBSD maps for each sam-
ple are shown in Fig. 4a, with the number of maps nm
acquired for each �max indicated at the bottom. The ac-
cess to the full crystallographic orientations enables more
complete grain segmentation based on misorientation data.
Grain boundaries are characterized by misorientations � 5�

and sub-grain boundaries between 1 and 5� (Chauve et al.,
2017b).

www.the-cryosphere.net/13/1495/2019/ The Cryosphere, 13, 1495–1511, 2019

In the lab and in the field:  
2 maxima texture

Full-field modeling (Llorens et al. 2017)

Without DRX

With DRX

Lab experiments (Journaux et al. 2019)
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Mean-field modeling VPSC (Montagnat 2001)

Without DRX



Modeling texture evolution with DRX
DRX -> rotation of c-axis toward an attractor c0

c0 is the orientation that maximizes the plastic strain for a given stress state S


-> c0 maximizes the Resolved Shear Stress on the basal plane (0001)

ei eigenvectors of S

compression tension
simple shearMaurine Montagnat  EGU 2024 



Modeling texture evolution with DRX
Results :  

simple shear

Experimental results 

from Journaux et al. 2019

2d order 

orientation tensor

Strain rate

Texture evolution

with strain

Exp.
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Ice - strong viscoplastic anisotropy
Texture-induced  

anisotropy 

Ex. : Evolution 

along NEEM ice core 


(Greenland)

~ isotropic

vertical  
compression

Viscoplastic  
anisotropy

+ dynamic 
recrystallization

+ high T 
and dynamic 

recrystallization

33 m

Montagnat et al. 2014

Duval et al. 1983
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Dynamic recrystallization (DRX) in the lab

In lab conditions  

Dynamic recrystallization for  

Well characterized DRX textures  
of girdle type in compression 

ε > 1 %

Montagnat et al. 2015
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Dynamic recrystallization in the lab
High-resolution observations from electronic microscopy - EBSD

Nucleation by bulging  
Impact of subgrain misorientations 

-> nucleus orientation close to parent grains one 
-> impact of the local stress field

Orientation of 

new / parent grains

Lattice misorientations 

(Kernel Average Misorientation)

Observation and orientation of new grains
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