putting rock properties in their place

— meshing orientation imaging with grain shape and size distribution
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physical properties — at each pixel

Aphase/ Atotal — Vphase/ Vtotal

Aphase/ Atotal — Vphase/ vtotal




properties of pixels — properties of grains

phase/ Acotal = phase/ Vtotal grainsize/ Acotal F Vgrainsize/ Viotal




ions — 3D grains
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where to start !
... the piezometer .../




EGU 2016 — surprise surprise !!

recrystallized grain size [um]
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d = diameter of 2D sections

— Stipp & Tullis 2003
....... Twiss 1977

mode vol%(D)
D = diameter of 3D grains

coaxial experiments
molten salt assembly

mode vol%(D)
D = diameter of 3D grains

regime 1

—_—

100 1000 S— 'oi '
flow stress [MPal] shear ‘piezometer

shearing experiments
solid confining medium

questions:

- is BHQ stronger in shear compared to coaxial deformation ?!
i.e., piezometer not valid for shearing deformation?

- is determination of A0 from shearing experiments incorrect!?




EBSD—CIP orientation images of piezometer experiments
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grain boundaries — diameters — grain size maps

c-axis orientation images grain size maps area-weighted histograms
189 MPa , rex| survivor
1 ||||||1I.||..I| |.II|||||| H||| ||
0 diameter (um) 120
rex| - survivor !
lllH””' L
O —
0 diameter (um) 120

m dcorr |20 ym

area-weighted of diameters of 2Dsections # diameters of 3D grains !!




optional excursion: harping on the RMS
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Kidder et al. 2016 use GOS to identify rexl grains

recrystallized grains have to be selected from h(d) before calculating RMS (— bias)
stripstar (2D—3D) converts full h(d) to h(D) and volume weighted v(D)
the significant grain size is derived from the mode of v(D) and is independent of the range of h(d)




new EBSD piezo v(D) Gauss fit

y = m2ZFexp(-((MO-m1)/m3)~ 2)
Value Error
ml 94.112 5.1135
m2 5.0414 0.57011
m3 55.436 7.3222
Chisqg 116.61 NA
R 0.704586 MNA

Y = mixp-u:j-(-:jr\-ﬂo-m 1)/m3)A ¢
Value Er

ml 34.467 1.88

1y 2.4901 0.260
r. 22.008 2.83
Chisq 18.121 |
R 0.7255 |

vy = m2Z*exp(-((MO-m1)/m3)» 2)

Value Error

L m1 30.791 2.1403

N m2 4.0784 0.49461
m3 21.581 3.1405

N Chisg 101.54 NA
R 0.44216 NA

vy = m2*exp(-((MO-m1)/m3)» 2)
Value Error
mi 29.34 4.3039
mz2 2.9281 0.7101
m3 21.643 6.3811
Chisqg 208.63 MNA
R 0.80942 MNA

MG bl i

vy = mZ2*exp(-((MO-m1)/m3)» 2)
Value Error
mi 20.022 2.8472
m2 3.938 1.0739
m3 12.795 4.1118
Chisg 286.37 MNA
R 0.59932 MNA

y = mZ2*exp(-((MO-m1)/m3)~ 2)

Value Error
mi 14.327 0.87019
m2 7.0575 0.82123
m3 9.1655 1.2565

Chisqg 119.96 NA

R 0.64582 NA
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y = m2*exp(-((MO-m1)/m3)A 2)
Value Error
ml 11.549 8.3403
mz 1.7562 2.1744
m3 8.2354 12.273
Chisq 747.55 NA
R 0.5716 NA

?

y = mZ¥exp(-((MO-m1)/m3)A 2)
Value Error
ml 7.7173 4.8868
m2 3.9283 4.23
m3 3.5501 7.1981
Chisg 1905.4 NA
R 0.28855 NA

y = m2*exp(-((MO-m1)/m3)~ 2)
Value Error
m1 9.2865 3.1931
ma 3.5805 2.17086
m3 6.4476 4.672
Chisq 585.14 NA
R 0.5825 NA
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y = mZ*exp(-((MO-m1)/m3)n 2)
Value Error
m1l 5.8135 0.9813
m2 9.8983 2.5463
m3 4.6347 1.4796
Chisq 568.66 NA
R 0.35835 NA

vy = mZ¥exp(-((MO-m1)/m3)» 2)

Value Error

m1 7.2346 1.2914
mz 6.2238 2.3457
m3 4.2001 1.8412
Chisqg 451.74 NA
R 0.52611 NA
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y = m2¥exp(-((MO-m1)/m3)A 2)
Value Error
ml 4.3399 0.6166
mz2 12.91 3.1503
m3 3.0991 0.20363
Chisq 591.62 NA
R 0.41537 NA




derive 3D piezometer’

recrystallized grain size [um]
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background for upcoming slides




back to experimental data



EGU 2016 — should we really have been surprised ??

recrystallized grain size [um]
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regime 1

RMS h(d)
d = diameter of 2D sections

— Stipp & Tullis 2003
....... Twiss 1977

mode vol%(D)
D = diameter of 3D grains

coaxial experiments
molten salt assembly

mode vol%(D)
D = diameter of 3D grains

100
flow stress [MPa]

1000 —— shear 'piezometer’

shearing experiments
solid confining medium

questions:

- is BHQ stronger in shear compared to coaxial deformation ?!
i.e., piezometer not valid for shearing deformation?

- is determination of A0 from shearing experiments incorrect!?




what we could have noted in 2002 ...
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what we could have learned in 2006 ...

shear stress T (MPa)
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not "reasonable - solid medium shear samples are significantly

stronger than molten salt coaxial samples !!




2017 old sample at high resolution
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CIP maps from EBSD
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run records redone — AO recalculated

3-D mode
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Data five piezos S&T 2003

--------- S&T 2003 regime 2/3

— 3D piezometer
©— 2017 mode v(D) (um)

10 100 1000 dSIG (MPa) recalc 2020

2020 recalculated AC yield similar result
except for sample 2a-w 1086 (wrong run record)




should we worry about spatial
resolution?




sometimes lucky EBSD map of previous CIP

stepsize 3D grain size (um)
method (um) site C  siteD
CIP 2.64 |18 |19
EBSD 0.5 |6 |5

high resolution decreses grain size
— steeper piezometer




coaxial and shear at EBSD resolution

EBSD
stepsize = | ym

CIP
'stepsize’ = 2.4 um

high resolution data only

100
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10 ~
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1000 dSIG (MPa) recalc 2020

high resolution: two piezometers
one each (coaxial and shearing) for all regimes




putting it alltogether

all best data
100 ——
‘ d = 3631 - Ag(-1.26)
d =78 Agtos
“ D  =58060Ac(7

Daxiai = 5529 - Ag(-1-21)
Dshear — |435 ) AO‘(-O90)

10~

axial (solid medium) = 2x S&D (MSC) piezometer
shear (solid medium) = 2x axial piezometer

10 100 1000 dSIG (MPa) recalc 2020



so what does it mean, Holger !
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L often enough | was more fascinated by the mere
" fact that | could quantify microstructures, shapes,

distributions, correlations... and grain size, ....

...and often it was Holger who pointed out to
me why any of that may actually be interesting



we tried early to get our daughter

terested in rocks — no luck

N



ith the next generation !

maybe a better chance w



