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* Unique densification/deformation experiment NEEM (2537.6 m)

* Important climate archive
* Deep ice cores drilled in Greenland and Antarctica (cold, dry)

« Homologous temperature > 0.8
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lce microstructure in ice sheets

Optlcal anlsotropy — Polarisation microscopy

Mecl:LamcaI anisotropy (2 slip systems) — High local stresses
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Sublimation groove images

SEM, EBSD are too slow for quasi-continuous analysis —

* Preparation of thin sections for polarization
mlcroscopy even time-consuming

2. lllumination by angled

. Reflection microscopy of Dright-fieid SOUrCe. soyterxicorsec

-~ sublimation grooves by o
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(LASM)

1. Sublimation of the surface

LA i 'l,
N
e \il
\i/

Tobias Binder et al.: Automated microstructure characterization along deep ice cores using sublimation etching | 4/15.




Images

- Six consecutive
16cmx9cm
sections
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Steps of 20 m
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Tbuﬂ:
800 images

10-15 um
wide grain
boundaﬁes
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Low-angle lattice distortions

e Subgrains in ice:
regions with —
misorientation
smaller 5°

e In LASM:
high sensitivity,
automatic extrac-
tion of GBs/sGBs

Fabric Analyer (FA) LASM
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~ Characteristics of LASM images

N~

w

N

—

Relative occurrence (x107%) |

o

20 40 60 80 100
Mean grayvalue of grain boundary

OIIIY
|

» Smaller grains extracted
* High-angle boundaries appear darker than low-angle boundaries

%
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Size in mm~ 2 (37444 pixels)

Parameterization, e.g. mean grain size

N s [ o Diverse parameterization of =
- %% | grains and grain boundaries
20 -« Up to now: No standard parame-
. - terization for texture established in
| ~glaciology (different image types)
107 -+ Problem with mean grain size: How
: - _many small grains are considered?
: » Where does grain growth stop?
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~ Variability in grain size

~+» On mm scale (“cloudy bands*)

~« On cm scale (within a-section)
~ +» On m scale (not observed before)
- * On km'scale (through ice sheet)

—

—

NEEM, 322 m ' NEEM, 333 m
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Grain shape

| " | '
_ 2.2
0.95 =
2 m}
o e J
| g E'j[}ﬁ_1 %%; , O m
- b o B w 20
0.90] &8 e o - o8 [ s
.8 ) O m a g
= 1 O y—
E rC (m] o . o
g <
S} E [m] 0 lﬁj c
] ‘ Y 1.8
- [mu] oo - —
£ 0857 T g g
[¢}] m] b=t
[« m] - x
o
o [aa]
0.80 __ conv rimets real perimeter -_ 1.6 =
1 I m] 7;QF5
N oo O = _D[.C]
- O
0.75 IIIIIIIIIlIIII[ll[l[[ll[‘I\\I‘\I\\l\\l\‘l\\l‘\ ]-‘4'__|—Illll.l.|ll.l
0 250 500 750 1000 1250 1500 1750 2000 2250 0 250 500

Depth in m

I B T B B B B B A

LI I I B

rm

750 1000 1250 1500 1750 2000 2250

Depth in m

» Strong influence of high-pressurized air bubbles on grain shape

* |ncreasing flattening

» Reduction in strain energy between 100 m and 250 m?
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Reduction in surface energy

o Just below
- firn-ice
-~ transition
- (pore close-

-

NEEM, 124m : NEEM, 256 m

e During air
bubble —
clathrate
hydrate
transition

NEEM, 1185 m ' NEEM, 1400 m
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-+ Equilibrium assumed

—

- Driving forces on grain boundaries
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» Highly curved grain
boundaries are
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Quasi-continous microstructure analysis along deep ice core has
become possible using sublimation groove images

Automatic extraction of the grain boundary network

Variability of grain size and grain shape found on different scales

Comparison between different definitions of lower cut-off in grain size
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eitag, S. Kipfstuhl
rain boundary networks in glacier ice,
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