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Schedule

Renee — Lectures
0:00-10:30 shape analysis
0:30-11:00 discussion & break
1:00-11:30 grainsize
:30-12:00 discussion & break

2:00-12:30 phase distributions & correlations
2:30-14:00 discussion & lunch

Rudiger — Lab

4:00-15:30 using Fiji / image)

5:30-16:00 break

6:00-17:00 playtime (with your own data)
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spatial distributions




spatial dispersion

1;




spatial distributions

- random
- clustered
- ordered (‘anti-clustered’)



spatial distributions

spatially dispersed center points

o ® ¢ o ° ° o 00 o

. ¢ ° ¢ ° ° ° * * L, ° e ° ..:.o.:o

® ° o ° o o o o °

o ® o ¢

®e * o % ©oe o ’ 000’ ®

. ° o ° o o ®o 0 :o.o:
° % iy ° \.dco o ° ® o0

°

chessboard model

H B B B H BEE N
H B BB B B B B
H B B B H H
H B B B HEE BN
H B B B H B BN
H B B B HE B
H B B B HE BN BN
H B B B H B B
ordered random

clustered




spatial distribution

phases

random ordered

highly
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phases, boundaries and contacts
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2 types of grains 2 types of grain boundary surface
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conceptual model

boundary surface
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BB =pB - pB = (I-pA)?

AB =BA = pA-pB+pB-pA=2-pA-(I-pA)

For any given grain A, B:

the chance pA, pB, of sharing
a boundary surface with a
grain A or B is proportional
to:

- volume fraction!) of A, B
or

- surface fraction? of A, B

) = area(phase)

/ (total cross sectional area)
2) = outline(phase)

/ (total boundary length)



binomial distribution
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spatial distributions

- grains in matrix
- grains in crystalline aggregate



making random Voronois

etc.

5050anti5Prep R2 5050anti5Prep R3

used random Palette on 5050anti5Prep R = processed R of 5050anti5_z5.tif



making random Voronois (continued)

threshold = 139
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R 50.0% G 50.0% R 46.8% G 52.2%

threshold 5050anti5Prep instead of using macro [6], = control percentage



distr

ibutions and contact probabilities
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area fraction B(%)
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distributions and contact probabilities

area fraction B(%)
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isotropic random distribution

all <«—> horizontal t vertical
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anisotropic random distribution

all «—> horlzontal t vertlcal
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practical application



Meluzina eclogite

unidentified B unidentified
garnet B sarnet
] omphacite ] omphacite

James Mackenzie



deriving phase and grain boundaries
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distr
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garnet in eclogite



garnet in eclogite
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random - clustered - ordered ?

garnet & rest omphacite & rest quartz & rest

garnet & omphacite

garnet & quartz
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2
influence of grainsize




different grain sizes

g each grain A A 50 A grains

divided in 4 A 200 A grains
volB
volA  =volB # % %
volA* = volA AB 100 50 333
nB =50 BB 50 25 16.7
nA =nB AA 50 25
nA* =4-nA AA* 150 50.0
surfB
surfA = surfB

note: for A = |/2 size of B
surfA* =2 -surfA

number?% best fit:
phase = random
BB = ordered
AA* = clustered

® 00 Data contact
[ @ mpnd & H§ A )
AN _ A
T A . A=B % #
° vol A 50.000 &
1 vol B 50.000
2 total volume 100.00
3
4 no A grains 50.000 200.00 80.000
5 no B grains 50.000 50.000 20.000
6 total no grains 100.00 250.00 100.00
7
8 surface A 50.000 100.00 66.670
9 surface B 50.000 50.000 33.330
18 total surface 100.00 125.00 100.00
11
12 no contact AA 50.000 150.00 50.000
13 no contact BB 50.000 50.000 16.670
14 no phase AB 100.00 100.00 33.330
50
Row: 16 Column: 0
8 00 Plot AhalfsizeB
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2D grain s

ze of Voronois
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grain size A < grain size B

AB all

AsmallB all Asmall B unchanged

small phase A obtained by subdividing grains, B phase remains unchanged
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3

variations
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Fig. 7. (a) Example of phase map used in the analysis of spatial distribution of feldspars in the recrystallized matrix, and bitmaps of the grain- and phase boundaries derived from
the map. The arrowhead indicates a K-feldspar grain at a quadruple junction between plagioclase grains. (b) The fraction of grain- and phase boundaries measured in five different
phase maps are plotted as circles to evaluate the deviations from randomness. Curves show the theoretical fractions of grain- and phase boundaries as a function of the surface
fraction of K-feldspar expected for a random distribution in a two-phase mixture (c) Autocorrelation function (ACF) calculated for the plagioclase — K-feldspar phase boundaries. The
ACF is shaded at 10% multiples of the ACF max (located in the centre). For the sake of clarity, the ACF is scaled such that the 10% contour touches the superposed reference circle. The
black circle indicates the highest correlation length at 12° (measured anticlockwise) from the trace of the mylonitic foliation (E—W).

The microstructure of recrystallized feldspars is characterized by
the predominance of phase boundaries over grain boundaries
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Fig. 15. Phase distribution and grain size evolution. (a) Phase map of quartz (black), plagioclase (dark gray), K-feldspar (light grey) and mica (white). The map shows a quartz
aggregate in the transition between the mylonite and the ultramylonite with different stages of disintegration. (b) Rpg (ratio of grain boundary/phase boundary area) versus the
mean grain size in 6 different, laterally disintegrating aggregates. Symbols correspond to individual, homogenous aggregates. (c) Relationship between the mean quartz grain size in
a layer and the relative quartz volume fraction. The relative quartz volume fraction in a layer decreases with increasing disintegration, as grains are separated by K-feldspar. In layers
with a higher grain separation the mean grain size is smaller. (d) Schematic model of Rpg — grain size evolution. Black squares are separated from another by grain boundaries
(white) and from the matrix by phase boundaries (dark grey) (e) Example of an analyzed area. The evaluation of Rpg and the grain size would correspond to a single point in the
diagram b).



practical application



dislocation creep vs. diffusion creep

dislocation creep
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motivation

¢ =A- A exp(-Q/RT) increasing strain > | & =A - Agn - dm - exp(-Q/RT)

dynamic recrystallization

undeformed + grain elongation

JOURNAL OF GEOPHYSICAL RESEARCH w
Solid Earth
Explore this journal >
Research Article

Rheological weakening of olivine +
orthopyroxene aggregates due to phase
mixing, Part 1: Mechanical behavior

Miki Tasaka &, Mark E. Zimmerman, David L. Kohlstedt

Accepted manuscript online: 8 September 2017  Full publication history

DOI: 10.1002/2017)B014333  View/save citation

Tasaka et al. (JGR, 2017)

dislocation creep ?




which spatial distributions do we expect !
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and which spatial distributions do we get !

983 starting material 994 dislocation creep 1006 diffusion creep
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even the starting material is ordered !!

JOURNAL OF GEOPHYSICAL RESEARCH w
Solid Earth
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Research Article

Rheological weakening of olivine + orthopyroxene
aggregates due to phase mixing, Part2: Microstructural

development
Miki Tasaka &, Mark E. Zimmerman, David L. Kohlstedt, Holger Stunitz,

20 ym

Renée Heilbronner

Accepted manuscript online: 8 September 2017  Full publication history

DOI: 10.1002/2017)B014311  View/save citation
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which spatial distributions do we really get ?

983 starting material 994 dislocation creep

' 2

.- ‘ 4
QS Dy or S
0 Lo AT & -nJ‘liv.
< 4858 Pt

" Y ‘!‘w (S~
T~ y. "
?

-

g

<+—— % olivine

<+—— % olivine

<+—— % olivine

vol % surf %

100 100 100
8 8 vol % surf % 8 vol % surf %
g 80 - g 80 - g 80 -
t 60 = = ’". Pb
S § S S
60 60 -
o & 2 a ol-opx
L
O O O
8 407 4 s 40 S 40 -
c c c
9 - o o)
v v 20 - O 20 -
o2 ] o2 1 o2 M
0
! ! ! ! 0 T T T 0 T T T T
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 80 80 100

% opx —»

% opx —»

7% opx —»

plotted against surface fraction !




also, grain size distributions ...
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means... and modes

PT-1024 (y = 10.9)

Mmeans

0 5

as published

0.6

0.4
N=2175 |
pup = 1.6 um
uy,=2.2um10.3
10.2
10.1
0
0 5 10

uv ol (3Dvol) 4.1 um

1024_ol_0.25.out

y = m3/(x*m2*sqrt(2*pi))*exp...
Value Error

m1 1.9037| 0.54934
m2 0.89901| 0.31824
m3 39.591 19.623
Chisq 234.39 NA
R| 0.35499 NA

0 2 4 6 8 10 D

mode = 2.87 uym

re-calcuated

Hv opx (3Dvol) 2.2 ym

1024_opx_0.25.out
30
25 - —-v(D)(%)
y = m3/(x*m2*sqrt(2*pi))*exp...
Value Error
m1 0.45376| 0.022196
m2 0.31885| 0.021163
m3 24618 1.4622
Chisq 101.45 NA
R| 0.95757 NA
0 2 4 6 8 10 D

mode = |.36 um




grain size of ol and opx

olivine



3
Image statistics




analysis of image 'as-is’

™ all pixels :
* all grey values
of image

(no segmentation)

Image

bitmap




Fourier transforms

- 1D /2D FFT
- diffraction patterns



profiles = ID FFT — ACF

autocorrelation (ACF)

Fourier transform (FFT)
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ACF

high resolution TEM image of chlorite

courtesy Andreas Kronenberg

2D FFT and ACF



FFT - diffraction patterns

high resolution TEM image of chlorite

courtesy Andreas Kronenberg




FFT - low angle boundary
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high resolution TEM image of chlorite

courtesy Andreas Kronenberg =re
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autocorrelation




autocorrelation
- shape

- strain

- grain size

- spatial distribution



density slicing in orientation space
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ACF - grain shape as f(CPO)
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ACF - shape of texture domains
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ACF- anisotropy/orientation— strain
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